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ENCYCLOPJIDIA BEITANNICA.
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MENA, Juan de, one of tho Italianizing Spanish poets

of the 15th century, was born at Cordova about
1411. We are informed by Romero, to whom we are

indebted for almost all- we know about his Hfe, that he had
attained the age of twenty-three before he began to give

himself to "the sweet labour of good learning," pursuing a
regular course of study at Salamanca and afterwards at

Rome. It was at the latter city that he first became
acquainted with the writings of Dante and Petrarch, which
afterwards so powerfully influenced his own style. Having
returned to Spain, he became a " veinticuatro," or magis-

trate, of his native town, and waa received as a poet with

great favour at the court of John n., beiiig made Latin secre-

tary to the king and historiographer of Castile. He died

suddenly, in consequence of a fall from his mule, in 1456,

at Torrelaguna, where the marquis of Santillana, his friend

and patron, erected his monument and wrote his epitaph.

De Mena's principal work. El Laberinto {" The Labyrinth "),

sometimes called Las Trescienias (" The Three Hundred ")

from the original number of its stanzas, is a didactic

allegory on the duties and destinies of man, ol)viously con-

structed on the lines of the Divina Commedia of Dante.

The poet, while wandering in a wood and exposed to the

attacks of various beasts of prey, is met by Providence in

the guise of a beautiful woman, who offers to guide him
safely through the dangers which surround him, and at the

same time to explain—" as far as they may be grasped by
human understanding "—the dark mysteries of life that

weigh upon his spirit. He is then led to the spherical

centre of the five zones, where he sees the three wheels of

destiny, the past, the future, and the present, and the men
belonging to each, arranged in the seven circles of planetary

influence. Opportunity is thus afforded for a vast quan-

tity of mythological and historical portraiture ; the best

sketches are those of the poet's own contemporaries, but

the work in general is much disfigured with aU sorts of

pedantry, and hardly ever attains to mediocrity as a poem.
The Laberinto was first printed at Seville in 1496 ; Nunez
and Sanchez accompanied it with commentaries in 1499
and 1582 respectively ; and it is still regarded with a good
deal of reverence by the Spaniards as the " magnum opus "

of their " Enhius." De Mena was the author of a number
of minor poems or " vers de soci^t^," written merely for

16—1

court circles, and having neither general interest nor per-
manent value; most of them are to be found in the
Cancionero General. He also wrote a poem entitled La
Coronacion, the subject being the "crowning" of the
marquis of SantUlana by the Muses and the Virtues on
Mount Parnassus. Finally, his SieU Pecados Mortales
(" Seven Deadly Sins ") is a dull allegory on the antagonism
between reason and the will of man. Complete editions

of the poems of De Mena appeared in 1628. 1804, and
1840.

MANAGE, GiLLES (1613-1692), descnoea oy Bayle as
" one of the most learned men of his time, and the Varro
of the 17th century," was the son of Guillaume Manage,
king's advocate at Angers, and was born in that city or
August 15, 1613. A tenacious memory and an earlj

developed enthusiasm for learning carried him sppedily

through his literary and professional studies, and we read
of him practisbg at the bar at Angers as early as 1632.
In the same year he pleaded several causes before the
parlement of Paris, and soon afterwards he attended the
"Grand Tours" at Poitiers, but after having been laid

aside by a severe illness he abandoned the legal profession

and declared his intention of entering the church. He
succeeded in obtaining some sinecure benefices, and livod

for some years in' the household of Cardinal De Retz (then

only coadjutor to the archbishop of Paris), where he had
ample leisure for his favourite literary pursuits. Some
time after 1648 he withdrew to a house of his own in the

cloister of Notre Dame, where his remarkable conversational

powers enabled him to gather round him on Wednesday
evenings those much frequented literary assemblies which
he called " Mercuriales." His learning procured for him
admission to the Delia Cruscan Academy of Florence, but

his irrepressible tendency to caustic sarcasm led to his

remorseless exclusion from the French Academy. He died

at Paris on July 23, 1692. Of the voluminous works
of Manage (fuUy enumerated in the Diclionnaire of

Chauffepi^) the following may be mentioned :

—

Origines

de la Langue Framboise (1650
;
greatly enlarged in 1694)

;

Diogenes Laertius Graxe et Latine, cum Commentario (1663
and again much unproved in 1692); Poemata Lalina,

Gallica, Grxca, et Italica (1656; 8th ed., 1687); Origini

della Lingua Italiana (1669) ; and' Anii-Baillet (1690).
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AltiT his death a volume of Menagiana was published ; it

was afterwards expanded into two, and, with great addi-

tions, into four in the Paris edition of 1715.

MENANDER, the most famous Greek poet of the

New Comedy, which prevailed from about the death of

Alexander the Great (323 B.C.) to 250. He was born at

Athens in 342, and died, it was said, by drowning in the

harbour of that city ^Pirajus) in 291. His social tastes

induced him to write plays rather for the upper classes,

and to raise comedy to a gentility which it nad hardly

possessed in the hands of the preceding comic poets. He
was the associate, if not the pupil, of Theophrastus, who
himself had been a disciple of Plato and Aristotle, and he

was the intimate friend and admirer of Ejj.cutus ; but he

also enjoyed the more distinguished patronage of Demetrius

Phalereus (who was likewise a pupil of Thoophrastxis), and

of Ptolemy the son of Lagus.^ His principal rival in the art

was Philemon, who appears to have been more popular with

the multitude, and for that reason probably more successful.

It is said that out of a hundred comedies Menander gained

the prize with but eight. All the extant plays of Terence,

with the exception of the Phormio, are avowedly taken

from Menander ; but some of them appear to have been

adaptations and combinations of more than one plot,

although Terence himself says in the prologue to the

Adelphi (11) that he copied the Greek model closely,

"verbum de verbo expressum extulit." Julius Caesar

called Terence dimidiatus Menander, as if two halves of

different plays had been fitted into one.^

The Attic New Comedy, says Dr Wagner," "may be

designated as essentially domestic," i.e., as opposed to

that free discussion of the politics of the day which gave

to the Old Comedy the place which is held by the " leading

articles " of a modern newspaper. " The stock characters

were such as the stern or weak father, the son whose
follies are seconded by a slave or a hungry parasite, the

pettifogger, active in stirring up law suits, and the gascon-

ading soldier of fortune." * These and cognate subjects,

which formed the stock-in-trade of Menander's plays, are

fiommed up in two well-known lines of Ovid

—

" Dutn fallax scrvus, dnrus pater, improba lena

Vivet, dum meretrix blanda, Menandros erit."

Ij Is a good remark of Dr Wagner's ^ that the last-mentioned

of these, the meretrix blanda (which probably refers

especially to the Thais), " holds the most important and
conspicuous part in the New Attic Comedy, while married

ladies are continually represented as the plague Und bore

of their husbands' lives." Intrigues with these, generally

through the medium of a clever confidential slave, are for

the most part the very point or tiivot on which the plot

turns.

The more literary Romans greatly admired Menander
as a poet. Phny (N'. E., xxx. 1, § 7) speaks of him as
" Menander litterarum subtilitati sine smulo genitus."

Propertius, contemplating a visit to Athens,^ anticipates

the pleasure of reading Menander in his native city

—

" Persequar aut studium linguffi, Demosthenis arma,
Libaboque tuo3, Bcite Menaiidre, sales."

In allnsion to this Pliny writes (iV. n., vii. 30, § 111), "Magnum
et Menandro in coinico 80cco testimonium regum .lEgypti et Mace-
doniao contigit closse et per legatos petito ; majus ox ipso, regim
fortuniB priolata litterarum consoientia. " This seems to say that
Menander had been invited to the courts of Alexander and Ptolemy,
as Euripides had been to that of Archelaus, king of Macedonia, but
had preferred to write comedies for the Attic «tage.

' Thus the Andria, IleaulimUmorummos, and llecyra are described
severally in the tiluU prefixed as Orwca or lota ijrasca Menandru.
The Bunvch and Timorumcnvs are each based on two plays of
Menander, and the Adelphi was compiled partly from Menander and
partly from Diphilus.

» Introduction to Terence, p. 6 (Bell, 1869).
* Professor Jebb, Primer of Greek Literature, p. 101.
• tr<»up., p. ?. 'El., It. 21 27.

He elsewhere speaks of him as "mundus .Menander,"

neat, terse, and lu-bane; and his skill in depicting the

character of a fascinating Thais is alluded to here and

in IL 6, 3 t

" Tiu'ba MenaDarete merat noc Thaidoa olim

Tanta, m qua populus lusit Enchthomus."

Of this comedy, the Thais, Professor Mahaify remarks'
that perhaps it was the most brilhant of Menander's plays,

" the manners and characters of the personage jeing painted

with thorough experience as well as genius." Nevertheless,

only five verses of this play have been preserved to us, on©
of which is that quoted by St Paul (1 Cor. xv. 33), "Evil

communications corrupt good manners." The same critic,

in praising Menander's style as the purest model of the

New Attic, observes that a remarkable feature of the New
Comedy was "its utter avoidance of rhetoac'' (p. 489^.

The influence which this art had on Euripides is well

known. Sophocles was not wholly exempt from a kind of

rhetorical pedantry, and the speeches in Thucydides are

so many exercises of the author in that art. But, aa

rhetoric pertained essentially to public life, it was likely

to have a much less scope in scenes borrowed almost solely

from social and domestic experiences.

Menander, however, did not neglect the other branch of

a liberal Attic education,—philosophy. A follower and a
friend of Epicurus, whose summum bonum was the greatest

amount of enjojonent to be got out of life, he carried out

in practice what he advocated by precept; for he was
essentially the well-to-do gentleman,^ and moved in the

upper circles of Athenian society. " The philosophers of

the day " (i.e., the schools and universities in our modem
systems of teaching) " were still," says Professor Mahafiy,*

viz., even during the period of the New Comedy, " the con-

stant butt of the dramatists." He adds that, " what is

still stranger, political attacks on living personages, not

excepting Alexander the Great, were freely and boldly

made.'"

On the wnoie, our estimate oi tne spini ano ODject ot Menander
must be formed rather from his imitator and copyist Terence than
from the fragments which remain, about 2400 verses in til, as col-

lected by Meinekein his FragnuTtia Comicorum Ormconim. For,
as Profeiisor Mahafiy well observes,'" the extracts made by
Athenteu i, our principal authority, have reference chiefly to " the
archasology of cooks and cookery," while Stobseus was a collector of
yrwfiai or wise ma.xims,—"a most unfortunate and worthless kind
of citation." It follows that no sound concIusioDS as to dramatia
genius, or of the knowledge of human nature, can be drawn from
detached verses OTeserved without the least reference to these par-
tlcnlar points. The extraordinary popularity of Menander must
have been duo to literary merit, if not to great originality. Mr
Mahaffy observes on this" that " there is so much of a calm gentle-
manly morality about his fragments, he is so excellent a teaoler
of the ordinary world-wisdom—resignation, good temper, modera-
tion, friendliness—that we can well understand this popularity.
Copies of his plays continued long in existence, and were certainly
known to Suidas and Eustathius as late as the 11th and 12Ui cen-
turies, if they did not survive to a yet later period. ^

In respect of language, Menander occupies the same position in
poetry which bis contemporary Demosthenes does in prose. In both
the New Attic is elaborated with great finish, and with much greater
grammatical precision than we find in writers of the Old Attic, such
as Sophocles and Thucydides. A considerable addition to the
vocabulary of every-day life had now been made, as was indeed
inevitable from the versatile character of the language and the
genius of the people who used it. Many new verb-forms, especially
the perfect active,'' now occur, and indeed form ^ characteristic
innovation of the style of Plato. The earher prose was in its

general vocabulary to a considerable extent poetical, and such a
concurrence of short syllables as in the Platonic 4ir«8e!o)ti;aoic^Tej

' nist. Class Gt. Lit, i. p. 488.
' Pliny calls Menander " diligentissimns luzvriffi Interpres," N. H.,

xx.vvi. 5.

' Hist. Class. Or. Lit., i. p. 480. ^'> Ibid., p. 480.
" Ibid., p. 487. " Ibid., p. 490.
" A curious example is iir«KTc(y/tairi, the transitive perfect of

iwoxTtlvciy. Similarly we have the unusual forms Kr'xj>i)>ca (frag.

659), ^6ttirjKa (727), crvyKfx^Ka (810).
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{inoloKiitd(ttr) is iU-snited even to choral metre. The Old Comedy
was worked by men of real geuius, who " were indeed giants, while

the men of Menander'a day only showed how strong and thorough

was the culture which in art and literature outlived the decadence

of the nation."'

In all, we have, as collected by Meineke, 1045 fragments of

Menander, of which 615 can be referred to known plays, the

titles of those quoted from amounting to ninety, and including

the Terentian Andria, Adtlphi, Eunuchua, MeauUmiimorumenos.

These fragments contain about 1650 verses or parts of verses, not

including a considerable number of words quoted expressly as from

Menander by the old lexicoOTaphers. Besides all these there are

not fewer than 768 monosticn verses separately preserved in MSS.,
though some of these are met with in the other and longer frag-

ments. Many of the fragments are obscure, some corrupt ; and they

have been a fertile field for critical acumen from the time of Bentley.

Not unfrequently we come npon the shrewd or original remark of

an observer. Thus (frag. 7) " A poor man has no relations, for no

one acknowledges him, lest he should beg." Frag. 145, "Every-
thing that takes place is brought about by law, necessity, or

fashion." 237, "The gods do not save men through any human
means (prayer or aacrihces) ; if they did, the human would have

more power than the divine." 276, "Poverty is the most easily

cured of aU evils , any friend can do it by merely putting his hand
in his pocket. " 397, " A poor man who lives in a large town makes
himself more wretched than ho need ; for he cannot help comparing
with his own the luxurious lives of the rich." 435, "No man
reali2es the extent of a sin when he commits it ; it is afterwards

that he sees it." 460, "A man is convinced not so much by what
is said as by the manner of saying it." 474, "There it one thing

only that hides vulgarity, villainy, and every other fault,—wealth.

Everything but that is carped at and criticized." 617, "People
who nave no merit of their own generally boast of their birth and
their ancestors. But every living man has ancestors, or he would
not be a living man." 678, " Wealth acts on a man as wind does on
a ship,—it often forces him out of his proper coarse." 663, " Many
ft young lady says a great deal in her own favour by saying nothing

ftt all. 688, "A man who abuses his own fattier is practising

blasphemy against the gods." In fact, Menander is characteristi-

cally a sententious writer, like Euripides, with whom in the general

style of his writings, though not, of course, in his somewhat loose

and irregular versification, he is sometimes compared. (F. A. P.)

MENCIUS, the Latinized form of M5ng-tsze, "Mr
M&ng,"' or " Ming the philosopher," a name in China only

second as a moral teacher to that of Confucius. His statue

or spirit-tablet (as the case may be) has occupied, in the

temples of the sage, since our 11th century, a place among
"the four assessors"; and since 1530 a.d. his title has

been "the philosopher M5ng, sage of the second degree."

The Mangs or Sling-suns had been in the time of Cbn-

fucius one of the three great clans of L(l (all descended

from the marquis Hwan, 711-694 B.C.), which he had en-

deavoured to curb. Their power had subsequently been

broken, and the branch to which Mencius belonged had

settled in Tsiu, a small adjacent principality, the name
of which still remains in Ts&u hsien, a district of Yenchiu
Shan-tung. A magnificent temple to Mencius is the chief

attraction of the district city. The present writer visited

it in 1873, and was struck by a large marble statue of him

in the court;yard in front. It shows much artistic skill, and

gives the impression of a man strong in body and mind,

thoughtful and fearless. His lineal representative lives

in the city, and thousands of Mangs are to be found in

the neighbourhood.

The dates of some of the principal events in Mencius's

life are fixed by a combination of evidence, and his death

is referred by common consent to the year 289 B.C. He had
lived to a great age,

—

o:,me say to his eighty-fourth year,

placing his birth in 372 B.C., and others to his ninety-

seventh, placing it in 385. All that we are told of his

father ij that he died in the third year of the child, who
was thxis left to the care of his mother. She was a lady

of superior character, and well discharged her trust. Her
virtues and dealings with her son were celebrated by a

great writer in the first century before our era, and for two
thousand years she has been the model mother of China.

' Uahaffy, Ibid., p. 490.

We have no accounts of Mencius lor many years after

his boyhood, and he is more than forty years old when he
comes before us as a public character. He must have spent

much time in study, investigating the questions which were

rife as to the fundamental principles of morals and society,

and brooding over the condition of the country. The his-

tory, the poetry, the institutions, and the great men of the

past had received his careful attention. He intimates that

he had been Lq communication ^vith men who had been

disciples of Confucius. That sage had become to him the

chief of mortal men, the object of his untiring admiration

;

and in the doctrines which he had taught Mencius recog-

nized the truth for want of an appreciation of which the

bonds of order all round Tiim were being relaxed, and the

kingdom hastening to a general anarchy.

When he first comes forth from Ts4u, he is accompanied

by several eminent disciples. He had probably imitated

Confucius in becoming the master of a school, and en-

couraging the resort to it of inquiring minds that he

might resolve their doubts and unfold to them the right

methods of government. One of his sayings is that it

would be a greater delight to the superior man to get the

youth of brightest promise around him and to teach and

train them than to enjoy the revenues of the kingdom.

His intercourse with his followers was not so intimate as

that of Confucius had been with the members of his

selected circle ; and, while he maintained his dignity among
them, he was not able to secure from them the same

homage and reverent admiration.

More than a centviry had elapsed since the death of

Confucius, and during that period the feudal kingdom of

Chau had been sho\\'ing more and more of the signs

of dissolution, and portentous errors that threatened to

upset all social order were vridely disseminated. The
sentiment of loyalty to the dynasty had disappeared.

Several of the marquises and other feudal princes of earlier

times had usurped the title of king. The smaller fiefs had

been absorbed by the larger ones, or reduced to a state of

helpless dependence on them. Tsin, after greatly extend-

ing its territory, had broken up into three powerful king-

doms, each about as large -as England. Mencius found

the nation nominally one, and with the traditions of two
thousand years aflSrming its essential unity, but actually

divided into seven monarchies, each seeking to subdue the

others under itself. The consequences were constant war-

fare and chronic misery.

In Confucius's time we meet with recluses who had
withdrawn in disgust from the world and its turmoil ; but

these had now given place to a class of men who came
forth from their retirements provided with arts of war or

schemes of policy which they recommended to the contend-

ing chiefs, ever ready to change their allegiance as they

were moved by whim or interest. Mencius was once asked

about two of them, " Are they not really great men ! Let

them be angry, and all the princes are afraid. Let them
live quietly, and the flames of trouble are everywhere ex-

tinguished." He looked on them as little men, and

delighted to proclaim his idea of the great man in such

language as the following s

—

' To dwell in love, the wide house of the world, to stand in

propriety, the correct scat of the world, and to walk in righteousnees,

the great path of the world ; when he obtains his desire for office,

to practise his principles for the good of the people, and when that

desire is disappointed, to practise them alone ; to be above the

power of riches and honours to make dissipated, of poverty and
mean condition to make awerve from the right, and oi power and
force to make bend. —these characteristics constitute the g^eat

man."

Most vivid are the pictures which Mencius gives of the

condition of the people in consequence of the wars of the

states. " The royal ordiaancee were violated ; the multi-
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tades were oppressed ; the supplies of food and drink

flowed away like water." It is not wonderful that, when
the foundations of government were thus overthrown,

speculations should have arisen that threatened to over-

throw what he considered to be the foundations of truth

and all social order. " A shrill-tongued barbarian from

the south," as Mencius called him, proclaimed the dissolu-

tion of ranks, and advocated a return to the primitive

rimplicity, ;

" Wncn Aoaui delved ^nd live span."

Pe and Lis followers maintained that learning was
quackery, and statesmanship craft and ojipression, that

prince and peasant should be on the same level, and every

man do everjrthing for himself. Another, called Yang-chQ,

denied the difference between virtue and vice, glory and
Bhame. The tyrants of the past, he said, were now but so

many rotten bones, and the heroes and sages were no more.

It was the same with all at death ; after that there was but

«o much putridity and rottenness. The conclusion of the

whole matter therefore was—" Let us eat and drink ; let

tis gratify the ears and eyes, get servants and maidens,

beauty, music, wine ; when the day is insufficient, carry it

on through the night. Each one for himself." Against a
third heresiarch, of a very different stamp, Mencius- felt

no less, indignation. This was Mo Ti, who found the

Bource of aU the evils of the time and of all time in the

want of mutual love. He taught, therefore, that men
ahould love others as themselves ; princes, the states of

other princes as much as their o^wn ; children, the parents

of others as much as their own. Mo, in his gropings, had
got hold of a noble principle, but he did not apprehend
it distinctly nor set it forth with discrimination. To
our philosopher the doctrine appeared contrary to the

Confucian orthodoxy about the five relations of society

;

and he attacked it without mercy and with an equal

confusion of thought. "Yang's principle," he said, "is
* each one for himself,' which does not acknowledge the

claims of the sovereign. Mo's is 'to love aU equally,'

which does not acknowledge the peculiar affection due to

a father. But to acknowledge neither ting nor father is

to be in the state of a beast. The way of benevolence

and righteousness is stopped up."

On this seething ocean of lawlessness, wickedness,

heresies, and misery Mencius looked out from the quiet of

his school, and his spirit was stirred within Viim to attempt
the rescue of the people from the misrule and error. It

mijght be that he would prove the instrument for this pur-

pose. " If Heaven," he said, " wishes that the kingdom
ehould enjoy tranquillity and trood order, who is there

besides me to bring it about ? " He formed his plan, and
proceeded to put it in execution. He would go about
timong the different kings tUl he should find one among
them who would follow his counsels and commit to him the

entire administration of his government. That obtained,

he did not douTit that in a few years there would be a

kingdom so strong and so good that all ruleis. would
acknowledge its superiority, and the people hasten from aU
quarters to crown its sovereign as monarch of the whole of

China. This plan was much the same as that of Confucius

had been ; but, with the bolder character that belonged to

him, Mencius took in one respect a position from which
" the master " would have shrunk. The former was always

loyal to Chftu, and thought ha could save the country by

a reformation : the latter saw the day of Chftu was

past, and the time was come for a revolution. Moncius's

iew was the more correct, but he was not wiser

than the sage in forecasting for the future. Thoy could

think only of a reformed dynasty or of a changed dynasty,

ruling according to the model principles of a feudal con-

stitution, which they described in glo^wing language. They

desired a repetition of the golden age in the remote past

;

but soon after Mencius disappeared from the stage of life

there came the sovereign of Ch'in, and solved the question

with fire and sword, introducing the despotic empire which
has since prevailed.

An inquiry here occurs—" How, in the execution of hii

plan, was Mencius, a scholar, without wealth or station, t(

find admission to the courts of lawless and unprincipled

kings, and acquire the influence over them which he

expected t" It can only be met by our bearing in mind
the position accorded from the earliest times in China to

men of virtue and ability. The same written character

denotes both scholars and officers. They are at the top of

the social scale,—the first of the four classes into which the

population Las always been divided. This appreciation of

learning or culture Las exercised a most powerful influence

over the government under both conditions of its exist-

ence ; and out of it grew the system, which was organized

and consolidated more than a thousand years ago, of making
literary merit the passport to official employment. The
ancient doctrine was that the scholar's privilege was from
Heaven as much as the sovereign's right ; the modern
system is a device of the despotic rule to put itself in

Heaven's place, and have the making of the scholar in its

©wn hands. The feeling and conviction out of which the

system grew prevailed in the time of Mencius. The
dynasties t'nat had successively ruled over the kingdom had

owed their establishment not more to the military genius of

their founders than to the wisdom and organizing ability

of the learned men, the statesmen, who were their bosom
friends and trusted counseDors. Why should not he

become to one of the princes of his day what 1 Yin had

been to Thang, and Th&i-kung Wang to King Wftn, and

the duke of Ch^u to W£l and Ch'Sng t But, though Mencius

might be the equal of any of those worthies, he knew of no

prince like Thang and the others, of noble aim and- soul,

who would welcome and adopt his lessons. In his eager-

ness ha overlooked this condition of success for his enter-

pri-e. He might meet with such a ruler as he looked for,

or he might reform a bad one, and make him the coadjutor

that he required. On the strength of these peradventures,

and attended by several of his disciples, Mencius went for

more than twenty years from one court to another, always

baffled, and always ready to try again. He was received

with great respect by kings and princes. He would
not enter into the service of any of them, but he occa-

sionally accepted honorary offices of distinction ; and he did

not scruple to receive large gifts which enabled him to Uve
and move about as a man of wealth. In delivering his

message he was as fearless and outspoken as John Knox.

He lectured great men, and ridiculed them. He unfolded

the ways of the old sage kings, and pointed out the path

to universal sway ; but it was all in vain. Hf nould not stir

any one to honourable action. He confronted heresy with

strong arguments and exposed it with withering sarcasm

;

but he could work no deliverance in the earth The last

court at which we find him was that of L(j, pwbably in

310 B.C. The marquis of that state had given office to

Yo-chSng, one of Mencius's disciples, and he hoped that

this might be the means of a favourable hearing for

himself. So it had nearly happened. On the suggestion

of Yo-chSng the marquis had ordered his carriage to be

yoked, and was about to step into it, and proceed to bring

Mencius to his palace, when an unworthy favourite stepped

in and diverted hira from hu purpose. The disciple told his

master what had occurred, reproaching the favourite for his

ill-timed intervention ; Mencius, however, said to him, " A
man's advancement or the arresting of it may seem to be

effected by others, but is really beyond their power My
not finding in the marquis of Lft a ruler who would confide
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In me and put my lessons in practice is from Heaven." He
accepted this incident as a final intimation to him of the

will of Heaven. He had striven long against adverse cir-

ciimstances, but now he bowed in submission. We lose

sight of him. He withdrew from courts and the public

arena We have to think of him, according to tradition,

passing the last twenty years of his life in the congenial

society of his disciples, discoursing to them, and giving the

finishing touches to the record of his conversations and
opinions, which were afterwards edited by them, and con-

stitute his works. Living, he may have been a failure

:

dead, yet speaking in them, he has been a great power
among the ever-rnaltiplying millions of his countrymen.

Nor will any thinker of the West refer to them without

interest and benefit. Mencius was not so oracular, nor

80 self-contained, as Confucius ; but his teachings have a

vivacity and sparkle of which we never weary, and which,

is aU their own.

Vfe will now attempt to indicate briefly the more important
principles which our philosopher thought would have been effectual

to regenerate his country, and make an end of misery and heresy

within its borders.

And first as to his views on government, and the work to be

done by rulers for their subjects. Mencius held with Confucius

—

and it was a doctrine which had descended to them both from the

remotest antiquity—that royal government is an institution of God.
An ancient sovereign had said that "Heaven, having produced the

people, appointed for them rulers, and appointed for them teachers,

who should be assisting to God." Our philosopher, adopting this

doctrine, was led by the manifest incompetency of all the rulers of

his time to ask how it could be known on what individual the

appointment of Heaven had fallen or ought to fall, and he concluded
that this could be ascertained only from his personal character and
his conduct of affairs. The people must find out the will of Heaven
as to who should be their niler for themselves. There was another
old saying which delighted Mencius,—"Heaven sees as the people

see ; Heaven hears as the people hear." He taught accordingly

that, while government is from God, the governors are from the
people ;

—

vox populi vox Dei.

No claim then of a "divine right" should be allowed to a sovereign

if he were not exercising a rule for the good of the people. " The
people are the most important element in a nation ; the altars to

the spirits of the land and grain are the second ; the sovereign is

the lightest." Mencius was not afraid to follow this utterance to

its consequences. The monarch whose rule is injurious to the
people, and who is deaf to remonstrance and counsel, should be
dethroned. In such a case "killing is no murder."

But who is to remove the sovereign that thus ought to De removed ?

Mencius had three answers to this difficult question First, .he
would have the members of the royal house perform the task Let
them disown their unworthy head, and appoint some better in-

dividual of their number in his room. If they could not or would
not do this, ho thought, secondly, that any high minister, though
not allied to the royal house, might take summary measures with
the sovereign, assuming that ho acted purely with a view to the
public weal. His third and grand device was what he called " the
minister of Heaven." When the sovereign had become a pest
instead of a blessing, he believed that Heaven would raise up some
one for the help of the people, some one who should so conduct
himself in his original subordinate position as to draw all eyes and
hearts to himself. Let him then raise the standard not of rebel-

lion but of righteousness, and he could not help attaining to the
highest dignity. Mencius hoped to find one among the rulers

of his day who might be made into such a minister, and ho
counselled one and another to adopt measures with that object.

It was in fact counselling rebellion, but he held that the house of

ChSu had forfeited its title to the throne.

What now were the attributes which Mencius considered necessary
to constitute a good government according to his ideal of it ? It

most be animated by a spirit of benevolence, and ever pursue a

policy of righteousness. Its aims must be, first, to make the people
well ofl', and next, to educate them. No one was fit to occupy the

throne who could be hajipy while any of the people were miserable,

who delighted in war, who could indulge in palaces and parks
which the poorest did not in a measure share with him Game
laws received his emphatic condemnation Taxes should be light,

and all the regulations for agriculture and commerce of a character

to promote and encourage them. The rules which he suggested to

secure those objects had reference to the existing condition of his

country, but they are susceptible of wide application. They carry

in them schemes of drainage and irrigation for land, and of Irce

tn>.de for commerce. But it must be, he contended, that a sufficient

and certmn livelihood bo secured for all the people. Without tbia
their minds would be unsettled, and they would proceed to every
form of wild licence. They would break the laws, and the ruler
would punish them,—punish those whom his neglect of his own
duties had plunged into poverty, of which crime was the conseouence.
He would be, not their ruler, but their "trapper."
Supposing the people to be made well ofi', Mencius taught that

education should be provided for them all. He gave the marquis
of Thang a programme of four kinds of educational institutions,
which he wished him to establish in Ms state—in the villages and
the towns, for the poor as well as the rich, so that none might be
ignorant of their duties in the various relations of society. But
after aU, tmless the people could get food and clothing by their
labour, bo had not much faith in the power of educati.^n to make
them virtuous. Give him, however, a government fulfilling the
conditions that he laid down, and he was confident there would
soon be a people, all contented, all virtuous. And he saw nothing
to prevent the realization of such a government. Any ruler might
become, if Tie would, " the minister of Heaven," who was his ideal,
and the influence of his example and administration would be all-

powerful The people woald nock to him as their parent, and help
him to do justice on the foes of truth and happiness. Pulse and
grain would be abundant as water and fire, and the multitudes,
well clothed, and well principled, would sit under the shade of
their mulberry trees, and hail the ruler "king by the grace of
Heaven."

Secondly, as to Mencius's views about human nature. His con-
viction of the goodness of that encouraged him to hope for such
grand results from good government, and his discussion of this
subject gives his principal title to a place among philosophical
thinkers.

Opinions were much divided about it among his contemporaries.
Some held that the nature of man is neither good nor bad ; he may
be made to do good and also to do evil Others held that the
nature of some men is good, and that of others bad ; thus it is that
the best of men sometimes have bad sons, and the worst of men
good sons. It was also maintained that the nature of man is evil,

and whatever good appears in it is the result of cultivation. In
opposition to all these views Mencius contended that the nature of
man is good. "Water," he said, "will flow indifferently to the
east or west ; but will it flow indifferently up or down ? The
tendency of man's nature to goodness is like the tendency of water
to flow downwards. By striking water you may make it leap over
your forehead ; and by damming and leading it you may make it

go .up a hill. But such movements are not according to the nature
of water ; it is the force applied which causes them When men
do what is not good, their nature has been dealt with in this

way."
Slencins had no stronger language than this,—as indeed it would

be difficult to find any stronger,—to declare his belief of the goodness

of human nature. With various, but equally felicitous, illustration

he replied to his difierent opponents. Sometimes he may seem to

express himself too strongly, out an attentive study of his writings

shows that he is speaking of our nature in its ideal, and not as it

actually is,—as wo may ascertain, by an analysis of it, that it was
intended to be, and not as it has been made to become. In fact,

his doctrine of human nature is hardly to be distinguished from

that of Bishop Butler, while the Christian prelate is left far behind

BO far as charm of style is concerned.

Our author insists on the constituents of human nature, dwelling

especially on the principles of benevolence, righteousness, propriety,

and wisdom or knowledge, the last including the judgment of

conscience. "These," said he, "are not infused into us from

without. Men have these four principles just as they have their four

limbs." But man has also instincts and appetites which seek their

own gratification without reference to righteousness or any other

control. He met this difficulty by contending that human nature

is a constitution, in which the higher principles are designed to

rule the lower. " Some constituents of it are noble and some
ignoble, some great and some small. The great must not be

injured for the smaU, nor the noble for the ignoble."

One of his most vigorous vindications of his doctrine is the

following :—" For the mouth to desire flavours, the eye coIouib,

the ear soimds, and the four limbs ease and rest belong to man's

nature. An individual's lot may restrict him from the gratification

of them ; and in such a case the superior man will not say, ' My
nature demands that pleasure, and I will get it. On the other

hand, there are love between father and son, righteousness botweea

ruler and minister, the rules of ceremony between host and guest,

and knowledge seen in recognizing the able and virtuous, and in

the sage's fulfilling the heaVeuIy course ;—these are appointed (by

Heaven). But they also belong to our nature, and the superior

man will not say, ' The circumstances of my lot relieve me from

them.' " In his preliminary dissertation to the 7th edition of this

encyclopsedia, Sir James Mackintosh has said that in his sermons

on human nature Butler " taught truths more worthy of the nams
of discovery than any in the same department of inquiry with
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which we are acquainted ; if we ought Dot to except the first stops
of the Grecian pIiilo30iihcT3 towards a theory of morals." Jleiidus
was senior to Zono, tlie one of tlinso philosophers to whom Butler
has most affinity, and it does not appc^ tliat ho had left anything
for cither of them to dinuovcr.

\Vhon he proceeded from his ideal of human nature to account
for tlip phenomena of conduct so dilTereiit from what they ou<;ht
to bo according to that ideal, he was necessarily less successful.
They puzzled hira and tliey made him indignant and angry. ' Thero
is notning good," ho said, "that a man cannot do ; he only does
not do it." But why does he not do it? Agsiiust the stubborn
fact Maicius beats his wings and shatters his weapons,—all in vain.

Ha mentions a few ancient worthies who, ho conceived, had always
been, or who had become, perfectly virtuous. Above them all ho
extols Confucius, taking no notice of that sage's confession that ho
had not attained to conformity to his owu rule of doing to others
as he would have them do to him. No such acknowledgment
about himsolf ever camo from Mcncius. Therein he was inferior to
his predecessor : ho had a subtler faculty of thought, and a much
more vivid imagination ; but he did not know himself nor his
special subject of human nature so well.

Our limits will not allow us to go into a detail of his views on
other special subjects. A few passages illustrative of his stj-le and
general teachings will complete all that can bo said of him here.
His thoughts, indeed, were seldom condensed like those of " the
master" into aphorisms, and should be read in their connexion

;

but we have from him many words of wisdom that have been as
goads to millions for more than two thousand years. For in-
stance :

—

" Though 3 man may bo wicked, yet, if he adjust his thoughts,
fast, and bathe, he may sacrifice to Go<l.

''

' When Heaven is about to confer a great office on any man, it

first exercises his mind with suffering, and his sinews and bones
with toil. It exposes his body to hunger, subjects him to extreme
poverty, and coufouuds his undertaking?. In all these ways it

stimulates his mind, strengthens his nature, and supplies his in-
competencies."
"The great man is he who does not lose his child-heart."
" The sense of shame is to a man of great importance. When one

is ashamed of having been without shame, he will afterwards not
have occasion for shame."
"To nourish tlio heart thero is nothing better than to keep the

desires few. Here is a man whose desires are few; in some things
ho may not be able to keep his heart, but tliey will be few. Here
is a man whose desires are many; in some things he may be able
to keep his heart, but they will be few."

" Benevolence is the distinguishing characteristic of man. As
embodied in his conduct, it may be called the path of duty."

" Thero is an ordination for everything ; and a man should receive

submissively what may be correctly ascribed thereto. He who has
the correct idea of what Heaven's ordination is will not stand
beneath a tottering waU. Death sustained in the discharge of one's
duties may be correctly ascribed to Heaven. Death under handcuffs
and fetters cannot bo correctly so ascribed."
"When one by force subdues men, they do not submit to hira

in heart. When he subdues them by virtue, in their hearts' core
they are pleased, and sincerely submit."
Two transIaUons of the works of Menclua are within the reach of Earopean

readers :—that by the late Stanislaus JuUen, In Latin, Paris, 1324-29 ; and that
forming the second volume of Legge's Chinese Cfa^^tcs, Hong Kong, lftG2. The
latter has been published at London (1875) without the Chinese texL Seo also E.
Faber. T/ie Mind of ifencius, or Political Eronomi/fouudcd on Moral PhUosfiphy,
translated from the German by A. B. Hutchinson (London, 1882) (J. LE.)

MENDELSSOHN, Felix (1809-1847). Jakob Ludwig
Felix Mendelssohn-Bartholdy, one of the greatest com-
posers of this century, was the grandson of Jloses Men-
delssohn noticed below, and was born in Hamburg on
February 3, 1809.

In consequence of the troubles caused by the French
occupation of Hamburg, Abraham ilendelssohn, his father,

migrated in 1811 to Berlin, where his grandmother,
Fromet, then in the twenty-fifth year of her widowhood,
received the whole family into her house, Xo. 7 Xeuo
'Promenade. Here the little Felix and his sister Fanny
received their first instruction in music from their mother,
under whose care they progressed so rapidly that the
altogether exceptional character of their talent soon'

became unmistakably apparent. Thpir next teacher was
Madame Bigot, who, during the temporary residence of the
family in Paris in 1816, gave them some valuable instruc-

tion. On their return to Berlin they took lessons in

thoroughbass and composition from Zelter, in pianoforte-,

l>laying from Ludwig Berger. and in violin Dlaying from

Hcnning,—the care ol their general education being em
trusted to the father of the novelist Paul Heyse.

Felix first played in public on the 24th of October

1818, taking the pianoforte part in a trio by Woelfl. On
April 11, 1819, he entered the Berlin Singakademie as an
alto, and in the following year began to compose with

extraordinary rapidity. His earliest dated work is a cantata.

In riihrend feierlichen Tonen, completed on January 13,

1820. During that year alone he produced nearly sixty

movements, including songs, pianoforte sonatas, a trio

for pianoforte, violin, and violoncello, a sonata for violin

and pianoforte, pieces for the organ, and even a little

dramatic piece in three scenes. In 1821 he wrote five

symphonies for stringed instruments, each in three move-
ments ; motctts for four voices ; an opera, in one act,

caUed Soldatenliebschnfi ; another, called Die bdden Piida-

ffogen ;
part of a third, called Die wandernde Comodianien

;

and an immense quantity of other music of different kinds,

some of which, thought worthy of publication by the

editors of his posthumous works, now stands before the

world in evidence of the precocity of his genius. The
original autograph copies of these early productions are

now preserved in the Berlin Library, where they form part

of a collection which fLlls forty-four large volumes, all

ViTitten with infinite neatJiess, and for the most part

carefully dated—a sufficient proof that the methodical

habits which distinguisbed his later life wera formed in

early childhood.

In 1821 Mendelssohn paid his first visit to Goethe, with

whom he spent sixteen days at Weimar, in company with

Zelter. From this year also dates his fir.-^t acquaintajice

with Weber, who was then in Berlin superintending the

production of Der Freischiitz; and from the summer of

1822 his introduction, at Cassel, to another of the greatest

of his contemporaries, Ludwig Spohr. During this year

his pen was even more prolific than before, producing,

among other works, an opera, in three acts, entitled Di»
heiden Nefen, oder Der Onkel aus Boston, and a pianoforte

concerto, which he played in public at a concert given

by Frau Anna Milder.

It had long been a custom with the Mendelssohn family

to give musical performances on alternate Sunday mornings
in their dining-room, with a small orchestra, which Felix

always conducted, even when he was not tall enough to

be seen without standing upon a stool. For each of the.se

occasions he produced some new work,—playing the piano-

forte pieces himself, or entrusting them to Fanny, while

his sister Eebecka sang, and his brother Paul played the

vioIonceUo. In this way Die Leirlfn Xrff<n was finst

jirivately ])erformed, on the fifteenth anniversary of hia

birthday, February 3, 1824. Between the 3d and the 31.-st

of ilarch, in this year, he composed his fine .sjnnphony in

C minor, now known as Op. 10, and soon afterwards the

quartett in B minor, Op. 3, and the (jjosthuraous) piano
forte sestett, Op. 110. In this year also began his lifelong

friendship with Moscheles, who, when asked to receive him
as a pupil, said, ' If he wishes to takt) a hint from me,

as to anything new to him, he can easily do so ; but he

stands in no need of lessons."

In 182.T Abraham Mendelssohn took Felix to Paris,

whoro among other musicians then resident in the French

capital he met the two most popular dramatic composers

of the age, Ro.ssini and Meyerbeer, and lived on terms

of intimacy with Hummel, Kalkbrennor, Bode, Baillot,

Horz, and manj other artists of European celebrity. On
this occasion, also, he made his first acquaintance with

Chcrul ini whn though he rarely prai.^ed anyone, cxjiressed

a verj high opinion of his talent, and recommended him

to write a Kyrie, for five voices, with full orchestral

accompaniment", which he himself described as " exceeding



MENDELSSOHN
in thickness " anything he had attempted. Prom letters

-written at this period we learn that Felix's estimate of the

French school of music was very far from a flattering

one ; but he formed some friendships in Paris, which

were pleasantly renewed on later occasions. He returned

to Berlin with his father in May 1825, taking leave of

Ms Parisian friends on the 19th of th6 month, and
interrupting his journey at Weimar for the purpose of

paying a second visit to Goethe, to whom he dedicated his

quartett in B minor. On reaching home he must have

fallen to work with greater zeal than ever; for on the

23d of July in this same year he completed his pianoforte

capriccio in F sharp minor (Op. 5), and on the 10th of

August an opera, in two acts, called Die Hochzeit des

Camacko, a work of considerable importance, concerning

which we shall presently have to speak more particularly.

No ordinary boy could have escaped uninjured from

the snares attendant upon such a life as that which

Mendelssohn now lived. 'Notwithstanding his overwhelm-

ing passion for music, his general education had been so

weU cared for that he was able to hold his own, in the

society of his seniors, with the easy grace of an accomplished

man of the world. He was already recognized as a lead-

ing spirit by the artists with whom he associated, and
these artists were men of acknowledged talent and position.

The temptations to egoism by which he was surrounded

would have rendered most clever students intolerable. But
the natural amiability of his disposition, and the healthy

influence of his happy home-life, counteracted all tendencies

towards inordinate self-assertion ; and he is described by
all who knew him at this period as the most charming

boy imaginable. Eveu Zelter, though by nature no less

repressive than Cherubini,' was not ashamed to show that

he was proud of him ; and Moscheles, whose name was
already famous, met hinr from the first on equal terms.

Soon after his retiirn from Paris, Abraham Jlendelssohn

removed from his mother's residence to No. 3 Leipziger

Strasse, a roomy, old-fashioned house, containing an
eKcellent music-room, and in the grounds adjoining a
" Gartenhaus " capable of accommodating several hundred
persons at the Sunday performances. ^ In the autumn
«f the following year this "garden-house" witnessed a
memorable private performance of the work by means of

which the greatness of Mendelssohn's genius was first

revealed to the outer world—the overture to Shakespeare's

Midsummer Night's Dream. The finished score of this

famous composition is dated "Berlin, August 6, 1826,"

—

that is to say, three days after its author had attained the

age of seventeen years and a half. Yet we may safely

assert that in no later work does he exhibit more originality

of thought, more freshness of conception, or more perfect

mastery over the details of technical construction, than
in this delightful inspiration, which, though now nearly

siity years old, still holds its place at the head of the most
brilliant achievements of our modern schools. The over-

ture was first publicly performed at Stettin, in February
1827, imder the direction of the young composer, who
with this bright patent of artistic nobility to support his

claim, was at once accepted as the leader of a new and
highly characteristic manifestation of the spirit of modern
progress. Henceforth therefore we must speak of him, not
as a student, but as a mature and experienced artist.

V Meanwhile Camacho's Wedding had been submitted to

Herr General-Musik-Director Spontini, with a \'iew to its

production at the opera. The libretto, founded upon an
episode in the history of Don Quixote, was written by
Klingemann, and Mendelssohn threw himself into the spirit

' After Mendelssohn's death this house was sold to the Prussian

Ooverament ; and the "Herrenhaus" now stands on the site of tho

gardeu-bouae.

of the romance with a keen perception of its peculiar
humour. The work was put into rehearsal Soon aiter the
composer's return from Stettin, produced on April 29,
1827, and received with great apparent enthusiasm; but,
for some reason which it is now impossible to ascertain,

a cabal was formed against it, and it never reached a second
performance. The critics abused it mercilessly; yet it

exhibits merits of a very high order. The solemn passage
for the trombones, which heralds the first appearance of

the knight of La Mancha, is conceived in a spirit of

reverent appreciation of the idea of Cervantes, which
would have done honour to a composer of lifelong

experience. Even the critics suborned to condemn the

work could not refrain from expressing their admiration
of this; but it had been decreed that the opera should

not live—and it did not.

Mendelssohn was excessively annoyed at this injustice,

and some time elapsed before his mind recovered its usual

bright tone ; but he continued to work diligently for the

cause of art. Among other serious undertaMngs, he
formed a choir for the study of the great choral works
of Sebastian Bach, then entirely iinknown to the public

;

and, iu spite of Zelter's determined opposition, he suc-

ceeded, in 1829, in inducing the Berlin Singakademie
to give a public performance of the Passion according to

St Maithew, under his direction, with a chorus of between
three and four hundred voices. The scheme succeeded
beyond his warmest hopes, and proved the means of

restoring to the world great compositions with which wo
are all now familiar, but which, at that time, had never been
heard since the death of Bach. But the olsstructive party
were grievoiisly offended ; and at this period Mendelssohn
was far from popular among the musicians of Berlin.

In AprU 1829 Mendelssohn paid his first visit to

London. His reception was most enthusiastic. He made
his first appearance before an English audience at one of

the Philharmonic Society's concerts—then held in the

Argyll Booms—on the 25th of May, conducting his

sjrmphony in C minor from the pianoforte, to which he was
led by John Cramer. On the 30th he played Weber's
Concertstuck, from memory, a proceeding at that time

extremely unusual. At a concert given by Drouet, on the

24th of June, he played Beethoven's pianoforte concerto in

E flat, which had never before been heard in the country

;

and the overture to A Mid^cmmer Night's Dream was also,

for the first time, presented to a London audience. On
returning home from the concert, Mr Attwood, then

organist of St Paul's Cathedral, left the score of the

overture in a hackney coach, whereupon Mendelssohn
wrote out another, from memory, without an error. At
another concert he played, with Moscheles, his stiU un-

published concerto in E, for two pianofortes and orchestra.

After the close of the London season he started with

Klingemann on a tour through Scotland, where he was

inspired with the first idea of his overture to The IsLs

of Fingal, returning to Berlin at the end of November.

Except for an accident to his knee, which lamed him for

some considerable time, his visit was a highly successful

one, and laid the foundation of many firm friendships and
many prosperous negotiations in the time to come.

The visit to England formed in reality the first division

only of a great scheme of travel which his father wished

bim to extend to all the most important art centres in

Europe. After refusing the offer of a professorship at

Berlin, he started again, in May 1830, for Italy, pausing

on his way at Weimar, where he spent a memorable fort-

night with Goethe, and reaching Rome, after many pleasant

interruptions, on November 1. No possible form of

excitement ever prevented him from devoting a certain

time every day to composition ; but he lost no opportunity
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of studying eitber the countless treasures which form the

chief glory of the great city or the manners and customs of

modem Romaus. He attended, with insatiable curiosity,

the services in the Sistine Chapel ; and his keen power of

observation enabled him to throw much interesting light

upon them. His letters on this subject, however, lose

much of their value through his incapacity to comprehend
the close relation existing between the music of Palestrina

and his contemporaries and the ritual of the Roman
Church. His Lutheran education kept him in ignorance

even of the first principles of ordinary chanting; and it

is amusing to find him describing as enormities peculiar

to the papal choir customs familiar to every village singer

in England, and as closely connected with the structure of

the " Anglican chant " as with that of " Gregorian music."

Still, though he could not agree, in all points, with Baini,

the greatest ecclesiastical musician then living, he fully

shared his admiration for the Improperia, the Iliserere, and
the cantus 2>lanus of the Lamentaiiones and the Exultet,

the musical beauty of which he could understand, apart

from their ritual significance.

In passing through Munich on tiis return in October 1831,
he composed and played his pianoforte concerto in G minor,

and accepted a commission (never fulfiUed) to compose an
opera for the Munich theatre. Pausing for a time at

Stuttgart, Frankfort, and DUsseldorf, he arrived in Paris

in December, and passed four pleasant months in the
renewal of acquaintances formed in 1825, and in close

intercourse with Liszt and Chopin. On February 19,

1832, the overture to A Midsummer Night's Dream was
played at the conservatoire, and many of his other com-
positions were brought before the public ; but he did not
altogether escape disappointments with regard to some of

them, especially the Reformation symphony, and the visit

was brought to a premature close in March by an attack
of cholera, from which, however, he rapidly recovered. '^"^

On the 23d of April 1832 he was again in London^
where he twice played his G minor concerto at the
Philharmonic concerts, gave a performance on the organ
at St Paul's, and published his first book of Lieder ohne
Worte. He returned to Berhn in July, and during the
«vinter he gave pubhc performances of his Reformation
symphony, his concerto in G minor, and his Walpur-
gisnacht. In the following spring he paid a third visit

to London, for the purpose of conducting his Italian

symphony, which was played for the first time, by the
Philharmonic Society, on the 13th of May 1833. On the
26th of the same month he conducted the performances at
the Lower Rhine festival at Diisseldorf, mth such brilliant

effect that he was at once invited to accept the appointment
of - general-music-director to the town, an office which
included the management of the music in the principal
churches,- at the theatre, and at the rooms of two musical
associations. This post he willingly accepted, and it formed
a stepping-stone to a far more important one.

Before entering upon his new duties, Mendelssohn paid
a fourth visit to London, with his fathe-, returning to
DUsseldorf on the 27th of September 1833. His influence
produced an exceUent effect upon the church music and in
the concertroom

; but his relations with the management
of the theatre were not altogether pleasant ; and it was
probably this circumstance which first led him to forsake
the cultivation of the opera for that of sacred music. At
DUsseldorf he first designed his famous oratorio St Paul,
in response to an application from the Cacilien-Verein at
Frankfort, composed his overture "to Die schiine Melusine,
and planned some other works of importance. He liked his
appointment, and would probably have retained it much
longer had he notbeen invited to undertake the permanent
direction of the Gewandhaus concerts at Leipsic, and thus

raised to the highest position attainable m the German
musical world. To this new sphere of labour he removed
in August 1835, opening the first concert at the Gewand-
haus, on the 4th of October, with his overture Dit
Meertsstille, a work possessingo great attractions, though
by no means on a level with the Jlidsumme}- Night's
Dream, The Isles of Fingal, or Melusine.

Mendelssohn's reception in Leipsic was most enthusiastic;
and under their new director tlie Gewandhaus concerts
prospered exceedingly. Jleanwhilc St Paid steadily pro-
gressed, and was first produced, with triumphant success,

at the Lower Rhine festival at DUsseldorf, on May 22,
1836. On October 3 it was first sung in English, at

Liverpool, under tlie direction of Sir George Smart ; and
on March 16, 1837, Mendelssohn again directed it at

Leipsic.

The next great event in Mendelssohn's life was his happy
marriage, on .March 28, 1837,' to Cecile Charlotte Sophie
Jeanrenaud, whose amiable disposition, surpassing beauty,
and indescribable charm of manner endeared her to all

who knew her. The honeymoon was scarcely over before
he was again summoned to England to conduct St Paid,
at the Birmingham festival, on September 20th. During
this visit he played on the organ at St Paul's and at

Christ Church, Newgate Street, with an effect which
exercised a lasting influence upon English organists. It

was here also that he first contemplated the production
of his second oratorio, Elijah

Passing over the composition of the Lohgesang in 1840,
a sixth visit to England in the same year, the scheme for

the erection of a monument to Sebastian Bach, and other
events on which space does not permit us to enlarge, we find

Mendelssohn in 1841 recalled to Berlin by the king of

Prussia, with the title of Kapellmeister. Though this

appointment resulted in the production of Antigone, (Edipus
Coloneus, Athalie, the incidenlal music to the Midsummer
Night's Dream, and other great works, it proved an endless
source of vexation, and certainly helped to shorten the com-
poser's life. In 1842 he catae to England for the seventh
time, accompanied by his wife, conducted his Scotch
symphony at the Philharmonic, again played the organ at
St Peter's, CornhiU, and Christ Church, Newgate Street,

and was received with all possible honour by the queen and
the prince consort. He did not, however, permit his new
engagements to interfere with the direction of the Gewand-
haus concerts ; and in 1843 he founded in Leipsic the great

conservatoire which soon became the best musical college

in Europe, opening it on April .3, in the buildings of the
Gewandhaus. In 1844 he conducted six of the Philhar-

monic concerts in London, producing his new Midsumtner
Night's Dream music, and playing Beethoven's pianoforte

concerto in G with extraordinary effect. He returned to

his duties at Berlin in September, but happily succeeded
in persuading the king to free him from his most onerous

engagements, and his delight at this relief _ was un-

bounded.

After a brief residence in Frankfort, Mendelssohn
returned to Leipsic in September 1845, resuming his

old duties at the Gewandhaus, and teaching regularly

in the conservatoire. Here he remained, with little in-

terruption, during the winter,—introducing his friend

Jenny Lind, then at the height of her popularity, to

the critical frequenters of the Gewandhaus, and steadily

working at Elijah, the first performance of which he con-

ducted at the Birmingham festival, on August, 26, 1846.

The enthusiastic reception of this great work is well known.

Unhappily, the excitement attendant upon its production,

added to the irritating effect of the worries at Berlin, made
a' serious inroad upon the composer's health. *i On his

return to Leipsic he worked on as usual, but it jwaa,
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clear that Lis health was seriously impaired. In 1847 he

visited England for the tenth and last time, to conduct four

performancea of ElijcJi, at Exeter Hall, on the 16th, 23d,

28th, and 30th of April, one at Manchester on the 20th,

and one at Birmingham on the 27th. Again the queen

and prince consort received him with marked respect,

—

one might almost venture to say, affection,—and all seemed

prosperous and happy. But the necessary exertion was

far beyond his strength. He witnessed Jenny Lind's first

appearance at Her Majesty's Theatre, on the 4th of May, and

left England on the 9th, little anticipating the trial that

awaited him in the tidings of the sudden death of his sister

Fanny, which reached him only a few days after his arrival

in Frankfort. The loss of his mother in 1842 had shaken

him much, but the suddenness with which this last sad

intelligence was communicated broke him down com-

pletely. He fell to the ground inseasible, and never fuUy

recovered. In June he was 'so far himself again that he

was able to travel, with his family, by short stages, to

Interlaken, where ne stayed for some time, iUustrating

the journey by a series of water-colour drawings, , but

making no attempt at composition for many weeks. He
returned to Leipsic in September, bringing with him
fragments of Christus, Loreley, and some other unfinished

works, taking no part in the concerts, and living in the

strictest privacy. On the 9th of October he called on

Madame Frege, and asked her to sing his latest set of songs.

She left the room for lights, and on her return found him
in violent pain, and almost insensible. It was the begin-

ning of the end. He lingered on, now better now worse,

through four weary weeks, and on the 4th of November
he passed away, in the presence of his wife, his brother,

and his three dear friends, Moscheles, Schleinitz, and
Ferdinand David. A cross now marks the site of his

grave, in the Alte Dreifaltigkeits Kirchhof, at Berlin.

Mendelssohn's title to a place among the greatest composers of

the century is incontestable. His style, though differing but little

in technical arrangement from that of his classical predecessors, is

characterized by a vein of melod) peculiarly his own, and easily

distinguishable by those who have studied his works, not only
from the genuine effusions of contemporary writers, but from the

most successful of the servile imitations with which, even during
his lifetime, the music-shops were deluged. In less judicious hands
the rigid symmetry of his phrasing might, perhape, have palled

upon the ear ; but under his skilful management it sarves only to

impart an additional charm to thoughts which derive their chief

beauty from the evident spontaneity of their conception. In this,

as in all other matters of a purely technical character, he regarded
the accepted laws of art as the medium by which he might most
certaialy attain the ends dictated by the inspiration of his genius.

Though caring nothing for rules, except as means for producing
a good effect, he scarcely ever violated them, and Was never weary of

impressing their value upon the minds of his pupils. His method
of counterpoint was modelled in close accordance with that practised

by Sebastian Bach. This he used in combination with an elastic

development of the sonata-form, similar to that engrafted by
Beethoven upon the lines laid down by Haydn. Tbe principles
involved in this arrangement were strictly conservative

;
yet tney

enabled him, at the very outset of his career, to invent a new style

no less original than that of Schubert or Weber, and no less re-

markable as the embodiment of canons already consecrated by
classical authority than as a special manifestation of individual
genius. It is thus that Mendelssohn stands before us as at the same
time a champion of conservatism and an apostle of progress ; and
it is chiefly by virtue of these two apparently incongruous though
really perfectly compatible phases of his artistic character that his

influence and example have, for so many years, held in check tlie

violence of reactionary opinion which a little injudicious en-
couragement might easily have fanned into revolutionary fury.

Happily, this wholesome influence is still at work among ns ; and
in his oratorios, his symphonies, his overtures, his concertos, and
his smaller pianoforte pieces Mendelssohn sets before ns an ex-
ample the value of which is universally recognized, and not likely to

be soon forgotten.

Concerning Mendelssohn's private character there have never
been two opinions. As a man of the world, he was more than ordi-

narily accomplished,—brilliant in conversation, and in his lighter

moments overflowing with sparkling homoor and ready pleasantry.

loyal and unselfish in the more serious business of life, and never

weary of working for the general good. As a friend he was un-

varyingly kind, sympathetic, and as true as steel. His earnestness

as a Christian needs no stronger testimony than that 'afforded by
his own deUneation of the character of St Paul ; but it is not too

much to say that his heart and life were pure as those of a little

chUd.
A complete list of Mendelssohn's published compositions—one hundred and nine-

teen In number, besides some five and twenty unnumbered works of considerable

Importance—will be found in the-thematlc cutwiogue publihhed by Messrs Brelt-

kopf and H^el at Lelpslc, and also In Grove's Dictionary of Music and
Musicians, vol. U. pp. 308, 309. Among his miscellaneous writings, we mny men-
tion a translation of the Andria of Terence, In German verse, and an immense
collection of letters, posthumously printed, and calculated to give the reader

a far closer acqualntauce with hlj life and character than any blograpl)er cin hope
to convey. ; W. -3. R.)

MENDELSSOHN, Moses (1729-1786), philosopher

and scholar, well known as Lessmg's friend and the proto-

type of his "Nathan," was born on September 6, 1729, at

Dessau on the Elbe, where his Jewish father made a scanty

livelihood by teaching a small school and transcribing

copies of the " law." The leading events of Mendelssohn's

career have been indicated elsewhere (see Jews, vol xiiL

p. 680). His numerous writings include Ueber Evideru

in metaphydschen Wissenscha/ten (1763), which gained

the prize in a competition in which Immanuel 'Kant took

part ; Briefe iiber die Empfindungen (1764) ; Phmdcn, oder

fiber die Unsterblichkeit der Seek (1767), an argument for

immortality, founded on the nature of the soul as exempt-

ing it from the ordinary laws of change, which has been

severely criticized by Knnt ; Jerusalem, oder die religiose

ilacht und Judeitthum (1783), a specially important con-

tribution to the question of Jewish emancipation ; a

number of contributions to his friend Nicolai's Literatur-

brie/en and Bibliotheh der sckunen Wissenschaften ; one or

two tracts in Hebrew ; and some new German translations

from the Old Testament. The controversy which led to

the publication of his Morgenstunden (1785-86), a reply

to Jacobi's Briefe iiber die Lehre Spinoza's, is said to havft

been more or less directly the cause of his death, which

took place on January 4, 1786 (see Jacobi, vol. xiiL p.

537). Of Mendelssohn's three sons, the second, Abraham,

settled as a banker in Hamburg and married a Jewess, Lea

Salomon Bartholdy, who bore him four children ; these, by

advice of their mother's brother, himself a conscientious

convert from Judaism, were educated as Christians, and

thenceforth joined their mother's second surname to their

6wn. The second of them, Felix, is the subject of the

preceding notice. In later life Abraham Mendelssohn

was accustomed to say,
—" When I was young I was the

son of my father ; now I am the father of my son." See

The Metidelssohn Family, 1882.

MENDOZA, a city of the Argentine Republic, the only

town of the province of Mendoza, lies 700 miles west-

north-west of Buenos Ayres, at the foot of the Cordilleras,

2510 feet above the sea-level, in 32° 53' S. lat. and 68° 45'

W. long. It was formerly a frequent stopping-place on the

route across the Andes by the Uspallata Pass, and used to

rank as one of the best-built towns in the country, but in

1861 it was almost completely destroyed by an appalling

earthquake, in which the people, for the most part

collected in the churches, perished to the number of

about 12,000. Bravard, a French geologist who had often

predicted the catastrophe, was one of those who perished.

Extensive ruins still mark the site of the old to^vn ; the

new town, which has been buUt at a little distance, has

grown rapidly. Situated in a richly cultivated district,

Mendoza depends mainly on agriculture and fruit-growing.

The city was founded in 1559 by Garcia de Mendoza; and in

1776 it was made the administrative centre of the vice-royalty of

La Plata. See Mulhall, Handbook of the La Plata Statts, 1875

;

and Mrs Mulhall, Between the Amazon and the Andes, 1882.

MENDOZA, Diego Htotabo de (c. 1503-1575),

novelist, poet, diplomatist, and historian, was a younger soa

of the member of the illustrious Mendoza family to whom
XVL —
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the government of Granada was entrusted not long after its

surrender, and was boru in that city about the year 1503.

The marquis of SantiUana, so iiromincnt a figure at the court

of John 11. of Castile, was his great-grandfather. At an

early age Mendoza, who had been destined for the church,

was sent to Salamanca, where he studied with success, and

also, some time between the years 1520 and 1525, produced

his La-.aritto de Tonnes, the work upon which his literary

celebrity largely rests. Having persuaded his father to

allow him to enter the army, he served with the Spanish

troops of Charles V. in Italy, and also availed himself of

opportunities as they arose to hear the lectures of famous

professors at Bologna, Badua, and Kome. In 1538 he was

taken into the diplomatic service of the emperor and sent as

ambassador to Venice ; there he cultivated friendly relations

with the Aldi, and energetically set about collecting a

library, not only procuring copies of many old ilSS. in

the public library of the city, but also sending to Thessaly

and Mount Athos fo"- new ones ; it was from his collection

that the complete text of Josephus was first printed. For

some time he held the post of military governor of Siena

,

and, after having been present in an official capacity in

Trent at the beginning of the oecumenical council, he was in

1547 sent as special plenipotentiary to Rome, where he

continued to act for some years. In 1554, shortly before

the abdication of Charles, he was recalled to Spain, and his

official career came to an end. He was never a favourite

with Philip II. ; and in consequence of a quarrel with a

courtier, in which he had lost his temper badly, he was
^finally banished from court m 1568. The remaining years

of his life, which were spent at Granada, he devoted partly

to the study of Arabic, partly to poetical composition, and
j:artly to the preparation of his history of the Moorish
insurrection of 1568-70 (Guerra de Granada). He died

at Madrid (which he had obtained leave to visit on some
business errand) in April 1575.

JlcnJoza's Lazan'l/o <!c Tonnes, tliongli written during his
college Jays, was not published until ]563, when it was printed
.inonymously at AntwiTp. Next year it was reprinted at Burgos,
but ultimately it was taken exception to by the Inquisition, and the
Spanish cdilinns of 1573 and subsequent years are accordingly con-
siderably abridged. It is a comparatively short fragment, written
in vigorous and briglitCastilian,aud was the first example in modern
literature of the " uovela picaiesca" of which Le Sage's Oil Bias
now ranks as the most perfect specimen. The continuations, first

by an anonymous author (1555) and afterwards by H. de Luna (1620),
i,re of very inferior interest. Of Mendoza as a poet all that need
bo said hero is that he followed the modern Italian models quite as
far as was compatible with a due regard to his Castilian individu-
ality. His Iiistoiy, though of no great bulk, is, like his novel, a
work of remarkable literary execution. It relates indeed only to a
comparatively brief episode in a chapter of events for which it is

almost impossible to claim much getieral attention, and it is often
needlessly ejudito and sometimes provokingly obscure. But as a
wholcitissingularlywell-iiiformed, diguified, and picturesque; "the
style is bold and abrupt, but true to the idiom of the language, and
the current of thought is deep and strong, easily carrying the reader
onward with its lloo.l. Nothing in the old chronicling style of the
earlier period is to bo coni]iared to it, and little in any subsequent
period is cc|ual to it for manliness, vigour, and truth "(Ticknor).
The first edition of the Giicrra dc Grnnaiia did not appear until
1610, but was even then incomplete ; the first perfect edition was
that of 1730. The work has frequentiy been reprinted since.

MEXDOZ.V, livico Lopez de. See Sa^tillana.
MENELAUS, king of Sparta, was the brother of

Agamemnon (q.v.) and the husband of HELE>fA (q.v.). Ho
was one of the heroes of the Trojan horse, and recovered
his wife at the sack of the city. On the voyage home-
wards his fleet was scattered off Malea by a storm which
drove him to Crete ; after seven years' further wandering
to Cyprus, Phrenicia, Egypt, Ethiopia, Libya, and the
country of the Erembi, he at last had an interview with
I'roteus and obtained a favourable \nnd which brought him
homo on the very day on which Orestes was holding the
funeral feast pver ^gisthus and Clvtaemnestra. After a

long and happy life in Lacedsemon, Menelaus, as the son-

in-law of Zeus, did not die but was translated to Elysium.

MENGS, Antony Raphael (,1728-1779), was the most

celebrated representative of the eclectic school of painting

in the 18th century, and plaj-ed a great part in- the early

days of the classic revival. He was born in 1728 at Aussig

m Bohemia, but his father, a Danish painter, established

himself finally at Dresden, whence in 1741 he conducted his

son to Rome. Mengs early showed that active intelligence

and large capacity for laborious study which secured him
the extraordinary distinction which he enjoyed through life.

His ap[X)intment in 1749 as first painter to the elector of

Saxony did not prevent his spending much time in Rome,
where he had married in 1748, and abjured the Protestant

faith, and where he became in 1754 director of the Vatican

school of painting, nor did this hinder him on two occasions

from obeying the call of Charles III. of Spain to Madrid.

There Mengs produced some of his best work, and
sjiecially the ceiling of the banqueting hall, the subject of

which was the Triumph of Trajan and the Temple of Glory.

After the completion of this work in 1777, Mengs again

returned to Rome, and there he died, two years lattr, in

poor circumstances, leaving twenty children, seven of whom
were pensioned by the king of Spain. Besides numerous
paintings in the Madrid gallery, the Ascension at Dresden,

Perseus and Andromeda at St Petersburg, and the ceiling

of the Villa Albani must be mentioned among his chief

works. In England, the duke of Northumberland pos-

sesses a Holy Family, and the colleges of All Souls and
Magdalen, at Oxford, have altar-pieces by his hand In

his writings, in Spanish, Italian, and German, Mengs has
put forth his eclectic theory of art, which treats of per-

fection as attainable by a "well-schemed combination of

diverse exceUences,—Greek design, with the expression

of Raphael, the chiaroscuro of Correggio, and the colour

of Titian. His close intimacy with Winkelmann—who
constantly wrote at his dictation—has greatly enhanced
his historical importance, for he formed no scholars, and
the critic must now concur in Goethe's judgment of Mengs
in Winkelmann und seme Jahrhundert ; he must deplore

that so much learning should have been aUied to a total

want of initiative and utter poverty of invention, and
embodied with a strained and artificial mannerism.

See Opere di Antonio Raffaello Mengs, Parma, 1780 ( Mengf
Werke, UbcrsetH v. 0. F. Prange, 1786 ; Zcilschri/l fUr bildende
Kunst, 1880; Bianconi, Elogio Storico di Mengs, Milan, 1780;
Nagler's Kilnsllerlcxikon.

MENHADEN, economically one of the most important
fishes of the United States, known by a great number
of local names, " menhaden " and " mossbunker " being
those most generally in use. In systematic works it ap-

pears under the names of Chipea menhaden and Brevoor-
tia tyrannus. It is allied to the European species of shad
and pilchard, and, like the latter, approaches the coast in its

wanderings in immense shoals, which are found throughout
the year in some part of the littoral waters between Maine
and Florida, the northern shoals retiring into deeper water
or to more southern latitudes with the approach of cold

weather. The average size of the menhaden is about 1

2

inches. Although it was long known as a palatable table-

fish, and largely used, when salted, for export to the West
Indies, and as bait for cod and mackerel, the menhaden
fishery has been developed to its present importance only
within the last twenty years. A large fleet of steamers
and sailing vessels is engaged in it ; and a great number of

large factories have sprung into existence to extract the oil,

which is used for tanning and currying, and for adulterat-
ing other more expensive oils, and to manufacture the refuse
into a very valuable guano. In the year 1877 2,426,589
gallons of oil and 55,444 tons of guano were produced.
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An extensive business is also carried on in converting

menhaden of a suitable size into "American sardines."

A very complete account of this 6shcry is given by G. Brown
Goode in "The Natural and Economic History of the American
MeuhaJon," Untied Slates Coiiutiissiott. of Fish and Fislierics^ i>art

v., Wasliiugtou, 1879.

MEXIN, a small Belgian town, in the province of West
Flanders; it is traversed by the river Lys, whicli there

forms the boundary between France and Belgium. The

population in 1S80 was 10,200. Commercially and

industrially Menin ranks high for its size, possessing, as it

does, important manufactures of linen, oil, soap, A'C, as

well as sugar refineries, breweries, and tanneries, and a

good corn and cattle market. Tobacco is extensively

gro\vn in the neighbourhood, and forms one of the main

items of lawful trade, a good deal of illicit traffic also being

carried on across the French frontier.

Mcnia does not appear to hava been in any way worthy of note

until tlie 14tU century. Philip II. caused it to be foitified in 1578.

It was taken by Turenue ia 1658. Vauban subsequently sur-

rounded it with elaborate works, and made it cue of the stiongest

citadels in France ; but all its fortifications were razed in 1744.

It belonged to the Ketheiiands in 1815, and became part of Belgium,

in 1830.

MENINGITIS (from fi^viyf, a membrane), a term in

medicine applied to inflammation affecting the membranes
of the brain (cerebral meningitis) or spinal cord (spinal

meningitis) or both.

Of crehral meningitis there are two varieties :— (1) that

due to the presence of tubercle in the membranes of the

brain, which gives rise to the disease known as tubercular

meningitis, or acute hydrocephalus ; and (2) simple or

acute meningitis, which may arise from various causes.

Among the more common ai-e injuries of the head, exten-

sion, of disease from contiguous parts, such as erysipelas of

the scalp or caries of the bones of the ear, exposure to

[cold or to extreme heat, the presence of tumours in the

substance of the brain. It may likewise occur in the

course of fevers, rheumatism, and inflammatory affections,

and also as a result of mental overwork, sleeplessness, and
alcoholic excess. This latter variety of meningitis is less

common than the former, but it is on the whole more
amenable to treatment. The symptoms present such a

general resemblance to those already described in tubercular

meningitis that it is unnecessary to refer to them in detail

(see Hydrocephalus), and the treatment is essentially the

same for both.

Spinal meningitis, or inflammation of the membranes
investing the spinal cord, generally results from causes of

a similar kind to those producing cerebral meningitis,

—

injuries, exposure to cold or sudden changes of tempera-

ture, diseases affecting adjacent parts such as the vertebral

column or the spinal cord itself, or extension downwards
of inflammation of the membranes' of the brain. It is said

to be most common in males. As in the case of the brain,

the membranes become extremely congested ; exudation of

lymph and effiision of serum follow ; and the spi.,al cord

qnd roots of the nerves become more or less involved in

she morbid proces.s.

The chief symptoms are fever, with severe pain in the

br.ck or loins shooting downwards into the limbs (which
are the seat of frequent painful involuntary starlings),

accompanied with a feeling of tightness round the body.
The local symptoms bear reference to the portion of the

cord the membranes of which are involved. Thu.s when
the inflam-raation is located in the cervical portion the

muscles of 'the arms and chest are spasmodically contracted,

and there may be difficulty of swallowing or breathing, or

embarrassed heart's action, while when the disease is seated

in the lower portion, the lower limbs and the bladder and
rectum are the parts affected m thia way. At first there

is excited sensibility (hyperaesthesia) in the parts of the
surface of the body in relation with the portion of cord
affected. As the disease advances these symptoms give
place to those of partial loss of power in the affected

muscles, and also partial anaisthesia. These various

phenomena may entirely pass away, and the patient after

some weeks or months recover ; or, on the other hand, they
may increase, and end in permanent jiaralysis.

The treatment is directed to allaying the pain and
inflammatory action by opiates. Ergot of rye is strongly

recommended by many physicians. The patient should
have perfect rest in the recumbent, or better still in tlie

prone, position. Cold ajiplications to the spine may be of

use, while scrupulous attention to the functions of the

bladder and bowels, and to the condition of the skin with
the view of preventing bed-sores, is all-important.

Epidemic Cerebrospinal Meningitis.—This name, as W*ll as
cerebrospinal fever, is applied tea disease defined in tJie Nomencla-
ture of Diseases as *' a malignant epidemic fever, attended by painful
contractions of the muscles of tlie neck and retraction of the bead.
In certain epidemics it is frequently accompanied by a profuse pur-
puric eruption, and occasionally by secondary effusions into certain

joints. Lesions of the brain and spinal cord are found on dissection.'*

This disease ajipcars to have been first distinctly recognized in the
year 1837, when it prevailed as an epidemic in the south-west of
France, chiefly among troops in garrison. For several years subse-

quently it existed in various other localities in France, and mostly
among soldiers. At the same time ,in other countries in western
and central Europe the disease was observed in epidemic outbreaks,

both among civil and military populations. In 1846 it first showed
itself in Ireland, chiefly among the inmates of workhouses in Belfast

and Dublin. Numerous outbreaks occurred also about the same
period in many parts of the United States. Ia more recent times
the disease has repeatedly appeared both in Europe and America,
but it has seldom prevailed extensively in any one tract of country,

the outbreaks afl"ecting for the most part limited communities, such
as garrisons or camps, schools, workhouses, and prisons.

'

Little is known regarding the causation of this disease; All ages
seem liable to sutfer, and, as regards sex, males are afi'ccted more
commonly than females. Occupation and,condition of life appear
to exercise no influence. It has been louservcd to occur most
frequently in cold seasons. The question of the contagiousness

of cerebro-spinal fever remains still unsettled-, but the weight of

authority appears to be in favour of the theory of the communica-
bility of the disease. It cannot, however, be regarded as contagious

in the same degree as some other specific fevers, such as typhus fever,

small-pox, or scarlatina..

The following are the more prominent symptoms. After a lew
days of general discomfort the attack comes on sharply witli rigorsi^

intense headache, giddiness, and vomiting. Neuralgic pains in

the abdomen, and pain with spasmodic contractions in the muscles

of the extremities, occur at an early stago. The headache continues

with great severity, and restlessness and delirium supervene, accom-
panied with periods of somnolence. The pains and spasms rapidly

increase, the muscles of the neck, spine, and limbs being specially

alfected. The patient's head is drawn backwards and rigidly fixed,

the-^pine arched, and the arms and legs powerfully flexed, the

whole condition bearing a considerable resemblance to tetanus.

For a time there is greatly increased sensibility of the skin, pain

being excited by the slightest contact.- There. is more or less fever

present. About the fourth day of the disease an eruption on the

skin both of the face and body frequently appears, in the form

either of purpuric spots or small clear vesicles. Death may take

place in from a few hours to eight or ten days. Should the patient

survive the immediate shock of the attack, serious complications

are apt to appear in the form of destructive inflammation of the

eyes or ears, inflammation with elfusion into certain joints, and

paralysis of limbs ; or, again, recovery may take place aftsr a pro-

longed convalescence. The mortality appears to vary in dilTcrent

epidemics, in some being as high as 80 per cent., in others only

about 20 per cent. Certain forms of the disease are of malignant

character from the first, and very rapidly fatal.

The changes found after death in cerebro-spinal fever are intense

inflammation of the membrane of the brain and spinal cord, wttli

e/Tusion of serum or pus into the ventricular and araclinoid spacea.1

The treatment is similar to that of other febrile conditions, but

for the special symptoms of pain, spasm, he, opium seems to have

been found of eminent service, while quinine and ergot of rye ar«-

also recommended.'

MENNONITES is a name borne by certain Chrbtian

commumties in Europe and America, denoting their

adherence to a type of doctrine of which Mcoao Simota
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was, not indeed the originator, but the chief exponent at

the time when the anti-psedo-baptism of the congregations

in which he laboured took permanent form in opposition

to ordinary Protestantism on the one hand and to the

theocratic ideas of the Munster type of anabaptism on the

other. The original home of the views afterwards called

Mennonite was in Zurich, whore, as early as 1525, Grebel

and Jlanz founded a community having for its most dis-

tinctive mark baptism upon confession of faith. The chief

doctrines of these Zurich Baptists have been already stated

in the article Baptists, vol. iii. p. 353. The main interest

of the sect lay not in dogma but in discipline. Within

the communities evangelical life was reduced to a law of

separation from the world, and this separation—enforced

by a stringent use of excommunication and the prohibition

of marriage beyond the brotherhood—involved not only

abstinence from worldly vanities but refusal of civic duties

(the state being held to be un-Christian)—refusal to take

an oath or use the sword. In their revolt against the cor-

ruptions of the mediseval church the Reformers neither

denied the continuity of the church as an organization nor

impuj,..ed the Christian character of the state. The new
sect did both ; and their position thus appeared so radically

subversive of the foundations of society that it is pot sur-

Drising, under the imperfect views of toleration then current,

tnat they became the objects i>f bitter persecution from

Protestants as well as from Catholics. But the Grebelians

had no desire, like the fanatics of Miinster, to found a new
theocracy in opposition to the anti-Christian state. They
sought only to withdraw from what their conscience con-

demned, content to live as strangers upon earth, and devot-

ing all their energy to preserve the purity of their own
communities. The mediaeval conception of separation from

the world as the true path of Christian perfection had

leavened all middle-class society in Europe, and prepared

many to accept separatist views of the church as soon as

they were reacied by the impulse of revolt against Roman
Catholicism ; the pursuit of holiness in a society protected

by a strict discipline is an idea which experience has shown

to have a great attraction for one class of earnest minds

;

hence, in spite of persecutions incomparably fiercer than

any of the larger Protestant bodies ever underwent, the

new doctrine and praxis rapidly spread from Switzerland

to .Germany, Holland, and even to France. Each com-
munity was quite independent, united to the rest-only by a
bond of love. There vas no sort of hierarchy, but only

•^exhorters" chosen by the congregation, of whom the

most prominent were also "elders" entrusted with the

administration of the sacraments—an organization so easily

kept alive or reproduced that the movement could hardly

be checked by any persecution short of the total annihila-

tion which at length was actually the fate of many of the

Swiss communities. The remnants of the Swiss Mennonites
broke in 1620 into two parties, the stricter of which, the

Ammanites or Upland Mennonites, were distinguished from
the Lowland Mennonites by holding that excommunication
of one party dissolved marriage, and by their rejection of

buttons and the use of the razor. Their persecution lasted

till 1710; a few congregations still remain and keep
themselves quite distinct from Baptist bodies of more
modern origin. In Germany the Mennonites are some-
what more numerous; more important are the German
Mennonite colonies in southern Russia, brought thither in

1783 by the empress Catherine, which in turn have recently

sent many emigrants to America. America indeed, and
especially Pennsylvania, early became a refuge for the

Mennonites of Switzerland, the Palatinate, and Holland,
and is now the chief home of the body (175,000 in the

United Slates and 25,000 in Canada). The oldest con-

gregation is that of Germantown (since 1683); the most

numerous of several divisions are the Old Mennonites, cor-"

responding to the less strict of the Swiss sections.

All these communities in Europe and America are dis-

tinguished by an antique simplicity combined with antique

prejudices, by indifference to the interests of the greater

world, while at the same time their industry and self-con-

centration have made them generally well-to-do. Their

religious t)rpe has varied very little in the course of

centuries, as indeed is not surprising, their theology

being ascetic rather than dogmatic or speculative. The
Mennonites of Holland, on the other hand, have passed

through an interesting and progressive history.

It was in Holland and the adjoining parts of Low Germany that

tlie personal influence of Menno Simons (1492-1559) was mainly

felt. He was originally a priest, and was pastor at his native place

Witmarsum in Friesland from 1631 to 1536, when convictions long

rfpening iu his mind compelled him to resign his cure. At this

time ttx^ anti-poedo-baptist societies in the Low Countries were much
agitntod. The views which had just before received their political

deathblow at Miinster (see Anabaptists) were not extinct, and
even those who did not sl-ore them were by no means at one.

Menno attached himself to the Obbenites, who held that on earth

true Christians had no prospect but to suffer persecution, refused to

use the sword, and looked for no millennium on earth. Menno
became one of their eldfcrs, and by his wanderings among the

scattered and oppressed communities, and especially oy the natural

eloquence and religious power of his numerous writings, did much
to sustain the faith of his associates, to confirm the type of their

religious life, and to prevent startling aberrations in 'doctrine or

discipline. He was not an original thinker; but the love which
all felt for the man, and which was kept alive for generations by
his writings, gave him the place which the name of Mennonites

expresses.

It may be ascribed to the influence of Menno's writings that the

Dutch Mennonites, though for a time (since 1554) they broke into

fractions on questions of discipline, and especially on the effect of

excommunication upon marriagq, never fell so far apart as regards

the type of their religious life as to preolude the possibility of re-

union. The Waterlandera in North HoUan.d, who held the least

strict doctrine of excommunication, soon moved farther in the

direction of liberality, and exchanged the name Mennonites for that

of Doopsgezinden (Baptist persuasion). In 1579 they refused to

condemn any one for opinions, even on the incarnation, which the

word of Scripture did not pronounce necessary to salvation. They
aided William the SUent with money, and from 1581 to 1618 even

accepted civil office. Meantime the stricter party had undergone
various divisions, which, however, in 1627-32 were reunited on
the basis of confessions* essentially embodying Menno's teachings.

They too had learned moderation, at least in their views of excom-
munication, and their antithesis to the state was softened since

the cessation of persecution in 1681, but especially since in 1C72
they were recognized as citizens. On the other hand, the adopticn

of a confession had deepened the separation between them and tl i

liberal Doopsgezinden ; bat doctrine was never the fundament-il

principle of the Mennonite communities, confessionalism took no
firm root, and the two sections gradually approached, and throi.'x-'i

a series of partial fusions became qt length finally united when tha

Amsterdam congregations came, together in 1801. The persuasinn

declined much in numbers in the 18th century; since then it lisa

inQrea-sed, and has now 127 congregations with nearly 50,000
members. The objection to hold civil office disappeared in 1795

;

that to carry arms in the war of freedom against Napoleon. Baptism
on profession of faith and the refusal of the oath, tolerance in

matters of doctrine without religious indifference, are the chief

marks of the body, which in point of theological culture and
general enlightenment, philanthropic zeal and social importance,
has long stood very higfi.

Autltorittet.—'nie test life of UcDno Simons Is Cramer's, 1837. De Hooi
Scheffer'a article in UerzoR-PUtt, R, E., is excellent; only one point of conse-

quence in bl3 account seeniB to call for modification,—tbe book against John
of Leyden. said to liave been pablished before Menno joined tbe Obbeuites. la

almost certainly spurious. See Sepp, Oeschiedkundige Nasporingen, i. (1872)

p. 128 sq. Tbe complerest edlbiun of Menno's works is that in folio, 1C86. Many
of them are known only In bad Dutch versions ; Menno himself wrote In tbe
"Oostersch" or East Sea Dialect of Low Genndn. For tho literature on th«
Mennonites in general, see De Hoop Scbe£fer. on vhom tbe foregoing sketch li

mainly dependent.

MENSHIKOFF, Alexandee Danilovich (1672-1729),

born at Moscow on the 17th of November (o.s.) 1672, -was

the son of a poor man, who employed him to sell cakes

about the streets of that city. In tiiis humble occupation

he attracted the attention of Lefort, one of Peter the Great's

most active co-operators, who was pleased with his spright-

liness. and took him into his service. Peter, soon afterwards
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seeing the youth at Lefort's, was ako delighted with him,

and took him to be his page. Menshikofi soon became
indispensable to the czar, assisting him in hia workshop,

and displaying signal bravery in the company of his master

at the siege of Azoff. He formed one of the suite of Peter

during his travels, and worked with him at Saardam and
Deptford. Throughout his wars with the Swedes, Men-
shikoS was the companion of the czar, and greatly distin-

guished himself. For his gallantry at the battle of the

Neva, on the 7th of May (o.s.) 1703, he received the order

of -St Andrew. In 1704 he was made general, and at the

request of the czar created a prince of the Holy Roman
Empire. His house on the Vasilii-OstrofTwas magnificent

;

there ambassadors were received, and banquets were given

gorgeous with gold and sUver plate. Unfortunately there

is a dark side to the picture, and the favourite was guilty

of extortion to such an extent as to bring him under his

master's censure. On the death of Peter the position of

Menshikoff became very perilous ; his successes had raised

about him a host of enemies eager for his downfall The
Golitzins, Dolgoroukis, and all those who formed what may
be called the Old Russian party, wished to proclaim the

son of Alexis emperor. Those, however, whose aggrandize-

ment was bound up with Peter's reforms—Menshikoff,

Apraksin, Bontourlin, Goloffkin, and others—were in favour

of giving the crown to Peter's widow, who accordingly

ascended the throne as Catherine I. During her reign the

influence of Menshikoff was unbounded, and he virtually

governed the country; but the empress died in 1727,

after a .reign of two years. She had made a will, no

doubt at the instigation of the favourite, to the effect

that Peter, her gracdson, was to be czar under the guardian-

ship of Menshikoff, whose daughter Mary was to be married

to the youthful sovereign. Under pretence of taking care

of the young czar, Menshikoff caused him to be removed

to his house and surrounded him with his creatures. He
was now at the height of his power ; foreign ambassadors

remarked that even the -great Peter himself was never

feared so much. The young czar, however, showed no
affection for Mary Menshikoff, and the girl was equally

apathetic towards her betrothed, being in love with a

member of the family of Sapieha at the time her father

had forced her into the engagement. The Dolgoroukis

used the aversion of the young prince to hia Jiancee as a

means of creating dislike to the father. A chain of events
was gradually leading to the downfall of the favourite.

He was soon refused admittance to the sirmmer palace,

whither the young czar had retired. Next he was arrested,

and so overpowered was he at his disgrace that he
had an apoplectic stroke. In vain did he address letters

both to the emperor and his sister. Shortly after, by
order of tho czar, the fallen magnate departed from
St Petersburg, but more like a nobleman retiring to his

estate than a culprit going into exile. The people regarded
him with dislike, and most of them rejoiced over his fall.

On his way a courier arrived with orders to take the
czar's ring of betrothal from his daughter Mary and give
her back her ovra, which had been worn by Peter 11.

Menshikoff was not permitted to pass through Moscow,
but was conducted to Oranienburg, in the government of

Riazan, and there placed under strict surveillance. Soon
afterwards the whole family was banished to Siberia, and
arrived at Berezoff towards the end of 1727. Menshikoff's

wife died on the journey, and was buried near Kazan. On
the arrival of the prisoners they w«re lodged in a wooden
house, consisting of four rooms. But Menshikoff did not

long endure the horrors of exile in this inclement region.

According to Mannstein, he died (November 12, o.s.,

1729) of an apoplectic stroke, because there was no one
at Berezoff, as he himself remarked, who understood how
to open a vein. The young czar ordered the release from
exile of the two remaining children of Menshikoff,^his
daughter Mary had died at Berezoff in the same year

as her father,—and restored some of their property to

them.

MENSHIKOFF, AlexanberSeroeieVich (1787-1869),
great-grandson of Peter's favourite, bom in 1787, entered

the Russian service as attache to the embassy at Vienna. He
accompanied the emperor Alexander throughout his cam-

paigns against Napoleon, and attained the rank of general,

but retired from active service in 1823. He then devoted

himself to naval matters, and put the Russian marine,

which had fallen into decay during the reign of Alexander,

on an efficient footing. On the outbreak of the Crimean

War he was appointed commander-in-chief, and suff'ered a

severe defeat at the Alma. On the death of the emperor

Nicholas in 1855 he was recalled, ostensibly on account

of failing health. He died in 1869.

MENSUEATION
MENSURATION, or the art of measuring, involves

the construction of measures, the methods of using

them, and the investigation of rules by which magnitudes
which it may be difficult or impossible to measure directly

are calculated from the ascertained value of some associated

magnitude. It is usual, however, to employ the term
mensuration in the last of these senses; and we may
therefore define it to be that department of mathematical
science by which the various dimensions of bodies are

calculated from the simplest possible measurements.
The determination of the lengths and directions of

straight lines, including what are familiarly known as

problems in heights and distances, generally depends on
the solution of triangles, and wiU be discussed in the

articles Trigonometey and Sctrvevlng. The remaining
portions of the subject are the determinations of the

lengths of curves, the areas of plane or other figures, and
the volumes and surfaces of solids ; and it is of mensura-

tion as thus restricted that the present article will discuss

some of the more important problems.

§ 1. Units of Length, Area, and Volume.—In measuring
any magnitude we select some standard or " unit " to mea-

sure by. Thus in measuring length we take for unit an

inch, a foot, or a yard. From the unit of length we derive

the units of area and volume. Thus we define the unit of

area to be the area of the square described upon the unit

of length, and the unit of volume to be the volume of the

cube whose edge is the unit of length or whose side is the

unit of area. For example, if an inch be taken as the unit

of length, the square whose side is 1 inch is the unit of

area, and the cube whose edge is 1 inch is the unit of

volume. The length of a line, the area of a surface, and

the volume of a solid are then expressed by the numbers,

whole or fractional, of units of length, area, and volume

which they respectively contain. Hence, if I denote the

linear unit, the length of a line which contains a units is al,

or simply a since I is unity ; similarly the area of a surface

which contains 6 units of area is bm, or simply 6, where

TO is the unit of area.

§ 2. Commensurable and Incommemurahle Magnitudes.—

When two magnitudes have a common measure, that is,

when another magnitude can be found which is contained

in each an exact number of times, they are said to be

"commensurable." Thus a line 4i and another 3J inches
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Fig. 1.

iong are commenstirable ; for, if J inch be taken as unit of

length, the former contains the unit nine times, and the

latter seven times. If no common measure can be found,

the two magnitudes are said to be "incommensurable."

Tor instance, 1 and «/F have no common measure ;
' for

;y2=»l'4142 ... an interminable decimal, and hence no

unit, however small, can be found which will be contained

in each an exact number of times. If, however, we take

a/2 = 1-4, the error will be less than ^; if iv/2= 1-414,

the error will be less than -j-jnnr'
^°- Hence, by taking a

sufficient number of figures, we can find a fraction which

wiU differ from >J2 by less than any assignable quantity,

and therefore we can always find two commensurable

magnitudes that will represent two incommensurable ones

to any degree of accuracy we please. In what follows we
need therefore only consider commensurable lines.

§ 3. Area of a Rectangle.—Let the side AB (fig. 1) con-

tain a imits and the side BC b units of length. If wo
divide AB into a equal parts, ^ g
each equal to the unit of length,

and similarly BC into b equal

parts, and if through the points

of division we draw lines

parallel to the sides of the

rectangle, these lines will di-

vide the rectangle into a series

of rectangles, each of which is

the unit of area, since each is

a square whose sides are of

unit length. As we have a rows of these rectangles, and

b in each row, the whole number of rectangles will be ab.

Therefore

area of ABCD— oi units of area

PART I.—PLAKE FIGUEES.

SxcmoN I.—^TiiAHE "Figures cojjTAiNEn by Stkaiqht Lines.

A. The Bcdangle.

§4. Let ABCD (fig. 2) be a rectangle, and let AB-CD-a,
BC=DA-6, AC— c, and the angle A
BAC'-o ; it is required to find its area.

Since a rectangle is completely de-

termined when two independent data,

one of which at least is a length, are

given connecting its parts, we can de-

termine its area in the following cases.

(o) IFTien its length a and its breadth

b are given.—It has already been proved ^

(§ 3) that
area of ABCD = ab ;

or the area of a rectangle is equal to its lengt'' multiolied by its

breadth.
Example.—Let a- 12 feet 6 inches and J = 9 inches, then

area of ABCD = 12'5 x -rS-e-SrS square feet.

If W8 make use of logarithms in the above calculation we have

log area = loga + log&,

loga = logl2-5 =1-0'969100

log 6 - log -76 = 1-8750613

therefore log area- -9719713;

hence area.— 9 '375

.

(S) TFken a side a and the diagonal c are given.—By Euclid

i 47 we have

i>-c'-o«, or b-

therefore area' of ABCD - ai- a'Vc' - o"

;

or log area - loga + h^og{e + a) + Jlog(c - a)

Example.—Let o= 238 and c = 456, then

loga= log238-2-3765770
41og(c + o)-ilog694- 1-4206797

|log(c-g)'-ilog218 = l 1692282

therefor* log area- 4 9664849 ;

henc*.'' area -92573-1.

(7) When a tide a and a (ts tTtcUnatitm to t?ie diaganal an, givem
—Since

—— tana, i—ataua
a

and therefore area of ABCD-aft— o'tano

;

or logarea = 21ogo + Ltana- 10.

Example.—Let o = 36 and 0-32° 25' 15", then

21oga = 21og36= 3-1126050
Ltano=Ltan32° 25' 15"= 9-8028622

therefore logarea-12-9154672-10-.2-9154672

;

hence area- 823 127.

(S) TFhen the diagonal c and a its inclination to either of the
sides are given.

—"We have

o—ccosa, andJ = csina,

therefore area of ABCD-aJ-(;-sinooo3o-i<r'sin2a;
or 2area — (;-siu2o,

and hence log2area— 21og(; + Lsin2o-10.

§ 5. A square being a rectangle whose sides are equal, we can at

once detennine its area. When one datum, which mnst be a
length, is given the square is completely determine'' and hecca
we nave only two cases to consider.

(a) TFhen the side is given.—From § 4, o, we have at once

area of square— a6— a x a — .;^.

O) TThen the diagonal is given.—From § 4, p, we have

o2 + o== <^, oro'^-ic'';

hence area of square— a^— Jc^, or 2 area— c*

;

and therefore Iog2area — 21og<!.

B. night-angled Triangles.

% 6. The diagonal of every rectangle divides it into two equiva-

lent right-angled triangles (Eucl. i. 34), and hence the area of the

right-angled triangle ABC (fig. 2) is equal to half the area of the

cotiesponding rectangle ABCD.

C. Triangles Generally.

§ 7. In every triangle there are six elements to bo ronsidered,

namely, the thjee sides and the

three angles. If any three of

these six be given, provided one

is a length, the triangle is com-
pletely determined, and hence

its area can be found.

§ 8. Length of Perpendiculars

of a Triangle.—In the triangle

ABC (fig. 3) let BC= 0!, CA-ft, ^
AB—c, AD the perpendicular

from A on BC= A BD-k, *^'S- 3

and CD -9.
Since BDA and CDA are right angles, we have

c''=a?-^-h^ andl» = y' + A»,

and therefore

whence

J2 _ ^2_ j,5 _ ^3= (y + a;;(y - a;) = o(y - re) i

y-x-——.

But y-'rX=a, and, by solving these eqtiations, we obtain

y—
Again

2a

(a + 6-^c)(6 + c-a)(c-^g- b)(a-\rb-c)^

hence A--1- ^/(<l+* + <:)(* + <:-o)(c-^•a-*X'^ + *-^:)•
2(l

Now let o + i + c = 2s, then 6-Hc-a=2(s- o) , c + a-J-2(s-JX
and a + 6-c=2(s-c).

, , .

Therefore, on substituting and reducing, we obtain

2 ,

h=—Vs(s-o)(s- 6)(» - c) .

Similarly the porpendioulars from B and on the opposite sides

are respectively

•|-Vs(s-o)(S-J)(s-c), and -jV»(s-o)(s-*)(s-c).

§ 9. -We now proceed to investigate formulae for the area of a

triangle in the following important cases.

(a) JKftcn thf. base a and the altitude h are ffwen.—Since a
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thangle i» cquel to Ualf a rectangle of the same base and altitude,

we have at outc
area ARC- \nh.

Em q-lc.—Let o-40 chains niul /(-14'52 chains, than

arca = i x 40x 1 4 •52 = 290 "i sc^uare chains.

(3) When tiio sidts a anU c and Ihc included angle ti are given.—
From fig. 3 — = sinB, and therefore /i-csinB ;

c

henco arca= .J'>A = licsin B ;

or Iog2area - logn + logc + LMii B - 10.

Example.—'Liin-'i^, f-30, nn.l B-30°, then

area - -Incein B-ix40x30xJ = 300.

(y) Wlvcn the three sides a, b, c air girrn.—From § 8

;'i= - s/s{s- a){s- t/){s-e) ,

and therefore

ares— Jff/i— Ji x — \/s(s-a){s-b)is-c)^ \/s{a-a)(s- b){s-c) ;

or logarca = * {logs+ log(j -a) + log(s -b) + log(s -e]}.

Since 2s — a + J + f , we Iiave

area of triangle - \ s/-2{a-b- +¥c- + c-a") - (a* + b*+ e')

.

Example \.— Let n — 13, i=14, andc=15, then
« = A{13 + 14 + 15) = 21, 5-0=21-13 = 8,
8-6-21-14 = 7, and5-c-21-15 = 6 ;

therefore area - V21 x8x7x6 = 8t.

Example 2.—lei. a- Ihi , i = 23S, audf=221, then

logs= iog357= 2-3526682

log(s-a) = logl02= 2-0086002
]og(s-6)-logll9- 2-0755470
log(s-c^=logl36= 2-1335389

therefore logarea = i(8-7703543) = '<-S851771

;

hence area = 24276.

(8) TVhen any two angles B and C and the adjacent side a are

given.—Since
c sinC asinC

a sinA '
sinA

and therefore (by /3)

aTea^iactinB=
rt'sinBsinC

where A= 180°- (B + C),
2 sin A

or log2area=21ogrt+ LsinB + L.sinC + LcoseeA-30.

Since all the angles of a triangle are given -when any two are

given, we can find the area of a triangle when any two angles and
any one side are given. Thus, w-hen A, B, and c are given, -we know
C also, and the problem reduces to a case of the preceding.

(() Wlicii the three medians a, /3, y are given.—If a, b, c be the
three sides of a triangle, and o, /3, y the three medians, i.e., the
lines drawn from the angles to the middle points of the opposite
sides, then by well-known geometrical propositions we have

i{a.- + ^- + -r) = 5{a- + b- + c-),

16(a=/3= + $-r + r'a-) = 9{a"b'^ + Vi? + c=a=)

,

and 16(o< + fl* + 7-')-9(<t* + J* + c<).

Now (§ 9, y-\

area of triangle = |\/2(a=6-+ b-c' + <?a") - (a* + b* + <^)

,

therefore =iV2(o=j82-l-3V + r<'') -(a* + /'*+y).

D. Parallelograms.

§ 10, The opposite sides and angles of a parallelogram being
eqnal, three independent
data, one of which at least -4 D
is a length, are necessary and
sufficient to determine it

completely.

IntheparallelogramABCD
(fig. 4) let BC-DA-a,
AB-CD = 6, AC-c, AE-A, BE C
the angle ABC-a and „.„ ,

AOp-zs! ^'2- *•

Since the diagonal AC divides the parallelogram into two equi-
valent triangles, we obtain

(a) area of ABCD = 2 area of triangle ABC
= 2x J ox^ (§ 9, a)-ah

;

(/3) area of ABCD = 2 area ABC= 2 x iaS sin o (§ 9, i8) = a6 sin o

;

or logarea= loga-4-log6-hLsina — 10 ;

iy) areaof ABCD = 2 area ABC- 2{ABO -hCBO)
--2{iBO.A06inAOB -f iBO.COsinCOB} -2{ pO.ACsin/s}

= PD.ACsin/3-Jcdsini3,
or log2area = logc-l-log£Z + Lsin3- 10

§ 11. If the parallelogram be eqiiiantfular (a rectangle)" c=<l,

and area =ic'sin/3. If it be equilateral (a rhombus), 3= 90°, an'i"

area — Jcrf. If it be both equiangular s.nA equilateral I & soMiXt),

o-d and 3-90°, and area = Ac" as before (§ 5, 3)

E. Trapeziums.

§ 12. To determine a trapezium comnletely four dat" are neces-

sary and sufficient.

In the trapezium ABCD (fig. 5) let BC= a. Ci./ = i,DA = f,AB = rf.

A D

B E F C
Fig. 5.

and AE perpendicular to BC = A, and draw AF parallelto CD,
then

(a) area ABCD = area ABC + area ADC
'= loA + ^ch

'=i[a + c)h

;

or the area is equal to half the sum of the parallel sides multiplied

by the perpendicular between them.
Again, area of ABF-iBF x AE (§ 9. a) = ^(a-.c)A,

also area of ABF= Vs(s- ABXs- BF)(£^-rA),
R-here 25 = AB-HBF-fFA ;

•

hence ft=—^a/s(s- ABKs-BF)(s-'^»'>. therefore

(3) area of ABCD
,a + c

,{a + c)h^ ^3-^n/5(s - AB){s - BF)(s - FA>

'\/{-a+b+c + d){a.+ b-c-d){a + b-c + d){a-b-c + d).

since AB= d, BF-a-c, andFA= CD=J.
Thus -we can find the area of a trapezium in terms of its sides

§ 13. If c = 0, ABCD becomes a triangle, and its area-

= JV( - a -^ 6 -*- d)(a+ b - d)(a + b + d){a-b + d)

.

Again, if c = a, then also b=^d, and ABCD becomes a parallelo-

gram, and its area takes the indeterminate form-—, as it should do.

since four sides do not completely determine a parallelogram.

F. Quadrilaterals Generally.

§ 14. A quadrilateral is completely determined when five inde-

pendent data are given. We consider the following cases.

(a) IFlun any diagonal and tlie perpendiculars on, it from the

opposite vertices are given.

The quadrilateral ABCD (fig. 6) =ABD-fBCD
= JBD.AE-FiBD.CF
= JBD(AE-^CF);

or the area is eqnal to half the product of the diagonal and the

sum of the perpendiculars. ^
If the diagonal BD fall B-^

without the figure, as in the

concave quadrilateral ABCD
(fig. 7), theu it is clear that

area ABCD = iBD(AE - CF).

(3) When the diagonals and
their included angle arc

given.—In the quadrilateral

ABCD (fig. 8, p. 16) let BD= A,

ABCD-ABD+ BCD
-JBD.AEsino-t-JBD.CEsina (§ 10. y)
-i/i(AE-l-CEUino
= 4^^"sino

;

or the area is equal to the product of the diagonals and the sine of

their contained angle. ^
The same result holds

when one of the dia-

gonals falls without the

quadrilateral, as in fig.

7, as the reader can easily

verify.

(y) JFhen the foui
sides and the angle be- _
tween the diagonals areji

given.—If a, b, e, d be

the sides and a the angle

between the diagonals it can easily be shown that

area of quadrilateral = 4(a* - J» -h c^ - (f) tan a

.

Fig. 6.

AC= i, and angle DEA = a, then



16 MEINS.U RATION
(S) When the /our sidts are given and the opposite angles are

Id. fig. 8 let AB
ABC -a, angle

I'H o + /3-180°,

tupplemenlary.

AC -A, angle

CDA-/3, and
then

areaofABCD = j* BC + ADC
— iabsiaa + icdaiu$.

But

sin J3- sin (180° - a^= sin o

,

therefore

area of ABCD — J((i6 + cd) sin a

.

This rives us the area of the ''S- °'

quadrilateral in terms of the four sides and one angle.

Again we have

a2 + 62_2rt6co3o-A»=c' + d'-2cdco3/3-c' + d' + 2cdcoso,

therefore

l+COSo

2{ab + cd)

(a + b+ c-d){a + b

2(o6 + cd)

_ (c+d+a-b){c + d
2{ab + cd)

and hence

c + d)
and

a + h)1-coso-

From this we ohtain

sin'o- (l + cosoXl-cosa)
_(.b + e + d-a)(c + d + a-b){d+ a+ b-c){a + b + c-f[)

Now let

then

therefore

i{ab + cd)^

a + b + c + d = 2s.

i{ab + cd) sin a = V(s - a)(s - b){s -c){s-d);

area of ABCD = \/{a-a){s- bXs-c){s-d),

or logarea= j{log(s-a) + log(s-6)+log(s-c) + log(s-(i)}'..
If d — O, the quadrilateral becomes a triangle, and its area is

y(5-a)(«- J)(s-c)s as before. In extracting the square root of
Bin n we take the positive sign, since the angle a is less than two
right angles.

G. Regular Polygons.

§ 15. Since a regular polygon is both equilateral and equiangular,
a circle can be inscribed within it and also described about it, and
thus the n straight lines drawn
from the common centre of the
two circles to the « vertices of the
polygon divide it into n triangles
equal in every respect. Therefore
the area of the polygon is equal to n
times the area of any one of these
triangles.

§ 16. Radius of Inscribed and
Circumscribed Circles.—Let AB (fig.

9) = a be a side of a regular polygon
of n sides ; let C be the centre of
the inscribed and circumscribed
circles, CD = r the radius of the
former, and CE = R the radius of the
latter. The angle ACB is evidently equal to the nth part of four
right angles, that is

360» ._, ._ ^j^p3 180-

Fig. 9.

•ACB-

Now

and

therefore

and

AD.

and ACD =

1-CDtanACD-

71

180*

AD -^ - ACsinACD= Rein

r-ax Jcot ,

n

R = axicosecl5°*.

rtan
n

180*

n

§ 17. Perimeter of Polygon.

n sides is na, i.e., 2nrtani?2- , or 27iRsin

The perimeter of the polygon of

180°

From this it follows that the perimeters of the inscribed and circum-
scribed regular polygons of n sides of a circle of radius r are

180' 180°
2nr8in and 2nrtan— respectively,

§18. Area of Polygon.
(a) In terms of r.—The area of polygon

-nACB-JiAD.CD-nx r^tan
180*

360°

o» J8(^=— cot ,
4 n

and therefore area of polygon

(e) In terms of R.—The triangle ACB
= JAC . CB sinACB= iR'siu

and therefore area of polygon — JnR-sin——

.

(•»^ In terms of 3, -The triangle ACB

= JAB.CD=--j^xr-— xiocot
2 2 71

„ 11 .180°
-o=x— cot ,

4 n

log4area-log7t + Lcoti52_ + 21oga- 10 .

71

From a and fl it follows that the areas of the inscribed and circum*
scribed regular polygons of n sides of a circle of radius r are

, « . 360° , ,^ 180° .. ,
J7ir"sin—- and 7ir^tan respectively.

n n
§ 19. In the formula (§ 18, 7) for the area of a polygon.^the

factor -— cot has a definite value for every value of n, and hence,
4 n

if we find its value once for all for a large number of values of 71,

and tabulate the results, we can find the area of a regular polygon
of 71 sides by multiplying the square of its side by the appropriate
tabular value.

Again, if a=l we have

r=Jcotl^° andE=Jco3ecl^°;
V, n

and thus we obtain in a similar manner the radius of the inscribed

and circumscribed circles by multiplying the side by the appro.
180* 180"

priate tabular value of J cot and Jeosec respectively.
n n

(§ 20. The following table contains the values of —cot and
4 n

180* 180*
their logarithms, and the values of J cot and i cosec for a$l

n n
values of n from 3 to 12.

n
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Radius of CircHmsaribcd Cirde.— Let AD (fig. 12) -p the

perpendicular from A on the side BC, and AE - 2R the diameter

Fig. 11. Fig. 12.

of the circle, then (Eucl. vi. C) we have

ZRxp = bx c,

therefore 2R x ap = abc .

Now ap='2A, where A denotes tlie area of ABC ;

ale
hence

4A ''i\'s{s-a^{s -b]{s-

Example.—Lat o — 13, 6 — 14, andc=15
to be 4, r. lOi, n 12, r. 14, and R 8J.

then r will be found

SEOTioa.II'—PiAfns FtoljRE9 eovrsnueu by Cckved Lime3!

A. The Circle.

§22. Circum/erenee of a Cirde.—Tf we inscribe in any circle a
rei;ular polygon of n sides, and also circumscribe a regular polygon
of the s.ime number of sides, it is clear that the perimeter of the
circle is intermediate between the perimeters of the inscribed and
circumsciibed polygons, and that the difference between the peri-

meters' of the inscribed and circumscribed polygons can be made as

smalt as we pleaee by sufficiently increasing n. A similar state-

ment holda with reference to the areas of the circle and the in-

scribed and clicurascribed polygons. With the above assumptions
it is easily proved that the circumference of acircle bears a constant
ratio to its diameter. Hence we have

Circumference = C= constant x radius= constant x r.

It ii uroal to denote this constant by 2ir, and therefore

C — 2irr-»rf, where d is tie diameter of the circle.

§ Sd Numerical Valiie of ir.—The constant ir being, as can bo
easily proved, an interminable decimal, we can only approximate
to its value, but this we can do to any degree of accuracy we pleas^.

If s and <r denote respectively a side of the inscribed and circum-
scribed polygons of n sides, and s' ana <t' a side of the inscribed

and circumscribed polygons of 2k sides, it can easily be shown that

W ' =V^?^, («/'=2r
j
—s/i^-Zl^'

I
,

^-) -^"v^
r^

where r is the radius of the circle.

If we take r-i we find, by means of these formula, and by
assuming the value of s when m = 6, that the perimeter of inscribed
polygon of 96 8ides = 3'140 .... , and the perimeter of circum-
scribed polygon of 96 6ides = 3'142. . . .

From this we learn that the circumference of the circle, in this
case », is greater than 3140 .... and less than3'142. . . . ,

and therefore as far as the secoud place of decimals

ir = 314.
By taking greater and greater values of n we obtain closer and
closer approximations to t.

The preceding method for approximating to the value of «• is the
simplest afforded by elementary geometry, arid is also the oldest

;

but better and more rapid methods are furnished by the higher
mathematics. The calculation of ir has been carried to 707 places
of decimals, the following being the first 20 figures in the result:—

3-14159265358979323846'.

For all practical purposes it is sufiScient to take

355
°133

§ 24 The following table contains the functions of w that sre of
most frequent occurrence in mensuration:

—

^

Ifi—

o

ir=314159or=
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As an example of the use of this tahle we proceed to find the

TtMe of e when r-68° 45' 17"-8.

Whenx-68° 9-1-1868239,
x-iO' e~ •0116355,

e- 5' e- -0014544,

a- 10* e- •0000485,

X- T e= 0000339,

tad when a^0"-8g- -0000089
,

therefore when a-68° 45' 17" 8 #-1-2000001.

$ 30 Combining the resulu of §§ 27 and 28 we obtain

(o) e—— , ands—— . — ;

03)
180

180

§ 31. Length of Arcs of Circles.—the following are the more im-

portant cases:

—

(eO In terms of the chord of the arc and the radius of the circle.—
Let AB (fig. 14) -2.;, AC-r, aad AEB-s, then

AD= JAB = c— rsiniC, whence C is known, and therefore

the arc s is found (§ 30, y).

($) In terms of the height of the arc and the radius of the circle.—
Let DE-/i.>=height of arc, then

'

CD-CE-DE=r-A,
, „„ IP CD r-»

and cosjC-— ,

whence C is found, and therefore s.

F

Fig. 14. Fig. 15.

2r

§ 32. Huygens's Approximation to the Length of a Circular Arc.—
Let AB (fig. 15) -p be the chord of the arc AEB, and AE-EB-j
that of half the arc, then the arc AEB= | (8j-p) approximately.

For, let r denote the radius, s the arc AEB, and 29 the angle

ACB, then 6—^ Again, AB=iJ=2AD= 2rsine=2rsiniL ;

tnd similarly ;— 2r siu -^
Ar

Now 8intf=fl_ + &c. ;

therefore P-^,- j l,-,^(fj4(|,)' - .c.
j

5»

2.3 4. 7-^2. 3. 4. 5. 16. r*
-&c

Simila;'' •-"li-^(fe)'4(i^)'--l

&c.
2.3. 4.)-2^2. 3 .4. 5. 64. r*

Hence, neglecting powers of — bS'
r

yond the fourth, we obtain

ipproximately.
In practice it is sometimes mord

convenient to use the equivalent

form
» = 2j + i(2?-i').

§ 88. Area of Sector of a Circle.—
Let the sector be OAB (fig. 16).

Divide the arc AB into n equal parts,

and draw the chords of these. Let P denote the perimeter of the
broken line AB, A the area of the polygon AOB, and p the alti-

tude of any one of the n equal triangles af which this polygon is

made up.

Now in the limit, when n is indefinitely increased, P becomes

the arc AB=s, a result which we symbolize thus

—

L P = arcAB-».

Similarly ri p- radius-r

Again, the area of the sector is equal to the area wf the polygon

when the broken line AB becomes tne arc AB, that -is,

8ector=L„J„A-L„=«ii'xP = iL„^.PxL„^P
= ^r3

§ 34. Let S denote the area of a sector of a circle, then, by meana

of the above result and § 27, we have

(a) S-isr,
(j3) S-irB.r-ir'ff.

§ 85. We proceed to find the area of a sector of a circle in the fol-

lowing additional eases .

—

^a) fHien the chord of the sector and the radius of the circle are

given.—In fig. 14 let AB— 20, and let AC— r, then we have

. ACB AD c

"°-2— AC=T'
whence ACB and therefore 9 is known, and S can be found by § 84.

ACB has two values, the smaller one giving the area of the minor,

and the larger that of the major conjugate sector.

(S) When the chord and height of the chord art givttu—Let

DE (fig li) "h and AB = 2c, then

AC2= r= = AD2 + DC==e' + (r-A)», whence

r= , and therefore by previous case the ares can be foona
2A

(y) When the chord and angle subtended at the centre art given.

—Let AB (fig. 14) =2c and ACB = 9, then

c . ACB e— = sin —fr- , or r - •
. ,„ ,« 2 sinJ9

Vsin^sj
x9.

(S) &=;;i.=zii.

therefore area of sector= Jr^S= J

§ 36. Areaofa Circle.—The circle being a sector whose arc is the

whole circumference we obtain at once

area of circle= 4rxs=Jr x2)ir->ir»-'.

An independent proof of this proposition might be given by
means of the inscribed and circumscribed polygons, and from the

area of a circle the j-ea of a sector can be deduced. The infini-

tesimal calculus alTords a simple and elegant proof (see § 44).

§ 37. If Adenote the area, r the radius, d=2r the diameter, and
C the circumference of a circle, we have

(a) A-m^,
(/9) A=ix2irrxr=4Cr,
, . , 4tV C»

4^4
Whence we see that the area of a circle is ol^tained by maltiplying

(o) the square of its radius by «•— 3-14159, ,

(3) the radius by half the circumference,

(7) the square of the circumference by—-= -07967
4t

(S) the square of the diameter by Jir— -78539

.

§ 38. Again, from the above formuliB we dednce

(o) r =4= A- -5641896 X A,
Vir

(3) (i_-LA-l-1283792xA,

(7) c- 2v'iA-S -6449077 X A,
Itbus obtaining radius, diameter, and circumference from area

§ 39. Area of a Circular Sing.—Let j" and r- denote the radii of
the outer and inner circles respect-

ively (fig. 17), then the area of the

space between them

"Tr'-vrj-'Ttir^ r^Xr - r,)

.

The circles need not be concentric,

and the reader should note that the
area of the ring is equal to the area

of an ellipse whcse .major and minor
axes are r + r^ and r- rj (see § 51).

§ 40. Area of the Sector of an
Annulus.—Let angle ACB— 9 in fig.

17, then the area of ABED
= sector ACB - sector DCE Fig. 17

-it'0-irie,
-4«('-^r,)(r-rl).
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igafii. let AB-7. DE = ?„ and CA - CD
_ I.

1

theu

and therefore

Yi' + h), •""!

area of Bector=i9(r + r,)(r-7:i)^ =i^C-^>= iHl + li).

§41. Areaofa Segment of aCircle.—(a) HHien theraditisand the

angle subtended ai the centre are given.— In fig. 14, let A£B be a

segment of a circle, then its area

= sector AC 13 -triangle ACB.
-4r29-Jr=sinfl(§§9, 34)
= Jr=(9-sine).

If the ee?ment lie greater than a semicircle siu0 is negative and
the formula becomes ,

ir={fl + sine),

ss is also geometrically evident.

We might ill a similar manner findtheareaof aeegmentof acircle

(/3) when the chord and radius are given,

(7) when the chord and its height are given,

(5) when the radius and height of the chord are given,

((\ when the chord and angle subtended ly the chord are given.

-

In all these cases the method of proceeding is obvious, a segment
being the difiercnce between a sector and a triangle.

§ 42. Area of a iuTW.—Let ADB and ACB (fig. 18) be two seg-

ments of circles, then the area of

the lune ADBC
= segment ADB - segment ACB.

Hence if we so choose our data th.it

we can determine the areas of the

two segments we have only to take

their difference to find the ar^a of

the lune.

§ 43, Area of a Circular Zone.—
Let AB and CD (fig. 19) be two
oaraUel chords, then the area of the zone ABCD

— ci'rcle - segment AHB- segment DFC;
OP •"Segment AED + trapezium ABCD + segment BGO

— 2 segment AED + trapezium ABCD.

§44. The Infinitesimal CALCULtrs {q.v.) furnishes a simple and
elegant proof of the formulae for the areas of a circle and a sector.

If !/ = <(>(i) be the equation to a plane curve referred to rectangular

Fig. 18.

axes, then the area between the curve, the axis of x, and two
ordinates corresponding to the abscissae a and h is represented by
the integral

rb
<t>{x)dx.

Let X and y be the coordinates of P (fig. 20), then if OP= r the
aquation to the circle is y''—r''-7?, and therefore

/r
area of quadrant AOB=/ Vr" - aAii

yo

=]
tt"

«nd therefore area of whole circle = ]ir'.

§ 45. If the equation to a plane curve be given in polar coordi-

nates, the area bounded by two radii and the curve is equal to

\f;yd,.

where e^ and e, are the values of 6 corresponding to the limiting

radii.

For example, let AOP (fig. 20) be 6, then area of circle

=. —-/ d9 ttr^ as before.
2/0 i.

The area ol a sector can be found in a similar manner.

B. The Parabola.

§ 46. Length of an Arc of any Plane Curve.—If a plane curve be

referred to rectangular axes, then the length of any arc of tha

curve

"-/I -(©('-/{-©!'*
taken between proper limits, i.e., the extremities of the arc. Se«

Infinitesimal Calculi's.

§ 47. Arc of a Parabola.—Let the axes of coordinates be the axis

Q'

Fig. 21.

of X and the tangent at the vertex A (fig. 21), then, the equation
to the parabola being i/' = 27n.r, where m = 2a= J latus rectum, we
have

^=i^, and hence
ay m

4 = arc AP=

y,\/y', + m^ m /^j + vVr+m^N _

^2^r~+"2"'°«'V m /'

therefore whole arc PAP'^-^Vy' + m^ + mlog. (
yi + ^y. + "^'

\

Since yl^^mxif the formula may be written

arc PAF= V4-i[Ti;; + |I log. f
^^l+^^^^M+g) .

§ 48. Area of a Parabola.—Taking the equation to the parabola

in the form y'= ipx, we get

area of segment PAF (fig. 21)= 2/ 2\/pxdx

1^ = 3^:1^1 = 3p'

From these formulae we see that the area or a parabolic segnant
varies directly as the cube of the square

root of the abscissa, and directly as the

cube of the ordinate, and that it is equal

to i rectangle PQQ'P', or § triangle PTP'. I

A similar relation holds for the segment
cut ofT by any chord, and thus the area of

any parabolic segment can be determined in

terms of any data that are sufficient to de-

termine the segment.

§ 49. Area of a Parabolic Zone.—Let
PM(fig.22)-y„ QN = !/j, AM-K,, AN = Xj,

and let the ordinates be inclined to the axis

at an angle a.

Area of zone PQQT'= segment PAI*"
- segment QAQ'

=?d_jdxsina.
Zp

Now y\ = ipxi and y\ = ipx^, therefore -1^

substituting for p we have area of zone
4(a;, - cr^

Fig. 22.

p , and hence on

= «^i ->(S^D' »i+yj
(/; + yiy>+y;)sina.

C. The Ellipse.

§ 50. Cireumferenei of an Ellipse—The eqnation to the ellipal

beine —^ -f Irr = 1 • where a and 4 are the semiazes. we have'
° a' a'

i
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dx'

Mr
, and therefore (6g. 23)

are of ouadraat AB-A | -r_~i {<&, where e*-—j—

.

This integnU may be shown to be equal to the series

wa/ , «« 1 ; S«< 1 . 3«
.
5««

2rv 8» 2" . 4' 22' . 4" . 6"
- &C.)

a rapidly converging series when e is a small fraction.

By taking more and more
terms of the above series we can
approximate as nearly as we
please to the circumference of an
ellipse. For example, we have
quadrant AB

to a first approximation

;

lience whola circumference

-,j'2?)= + '2*)^ji nearly

§ 51. ^rea of an Ellipse. —We have at once

area = 4/ ydxi =— / Va' z'dx.
Jo «yo

3ut / Va* - ifdx is the area of the quadrant of a circle of radius

a. Thus

area of ellipse = 4 7- (§ 44)

= ira6.

the following proof is worth the reader's attention. By a well-
known theorem in conic sections the orthogonal projection of a
circle on a given plane is an ellipse. Now, if A denote the area of
any plane figure. A' the area of the projected figure, and 6 the angle
between the planes it can easily be shown, by dividing the two
areas by planes indefinitely near to each other and perpendicular
to the common section of the planes, that

A cos 9 = A'.

In the case of the circle and ellipse A-ira' and C08d>i— ;

hence area of ellipse - ira' x —= iraft

.

§ 52. Area of an Ellipse in terTns of a Pair of Conjugate Diame-
ters.—Let a' and b' denote the semiconjugate diameters, and o the
angle between them, then by an elementary property of the ellipse

o6 = a'6'sino;

hence area of ellipse= ira'J'sin a.

D. The Hyperhola.

§ 53. Area of a Segment of an Bi/periola.—the equation of an

hyperbola being

b_

a

.1 , we have

\/x'-a' ; hence (fig. 24)

wea of the segment PAF = 2 - / Vx' - a^dx

= l.a:,Vir^» - aMog, (?i±Vx[^>

j

=^ly,-o61ogY^^.^^

§ 64. Area of a Sector of an Hyperbola.—The sector PAFC is
eqnal to triangle POP' - segment PAP'

= K,y,-
I

x,y, - a61og/^ +^^
|

-<.*log.(^ + |-j.

§ 55. Area of a Zone qf an Hyperbola.—In fig. 24 the zone

-segmjnt QAQ'- segment PAP'

-x,y,-aMog.(| + f)-x,y,+a41og{S +|)
-ijyj-x.y, -oilog/^^i±^)

, where

iOi, Vi and x„ ji, are the coordinates of P and Q respectively.

If the axes of coordinates be inclined at an angle a, we multiply
the above results by sin a to obtain the correct areas.

Fig. 24. Fig. 25.

§ 66. Area bounded by an Hyperbola and its Asymptotes.—The
equation of an hyperbola referred to its asymptotes is of the form

xy = c'.

Let CM' (fig. 25)=z„ CM-Xj, Q'M' = y„Q M-yj, then, if « be

the angle between the asymptotes,

area of QMM'Q'= / ^'ysinadx
Jxt

K, =— and x."— .

Kow <?'=—;— andsina-
2ab

, and therefore
4

lidj area-=ia61og,r|^j=ia61og/|S-j.

Again, let llW=Xi-x^=p, then

c'='X,y,=XM,= -^^^ , therefore

(fl) QMM'Q'.^MLlog.f£!.^sina=S^logY^)sin..

Again, since

4Xjj/, sin o— ic' sin a

=

ix0, sin o

,

we have triangle QCM-=Q'CM', and hence

the sector QCQ'-QMM'Q'.

The corresponding results for a rectangular hyperbola are ob
tained by substituting in the above formulae i a' for <? and 1 foi

Section III.—Piane Irregular, Rectilineal, and Ccrti-
LiNEAL Figures.

A. Irregular Rectilineal Figures.

% 57. The area of any irregular polygon can be found by dividing
it into triangles, trapeziums, &c., in the most convenient manner,
and adding together all the areas. For example,

ABCDEF (fig. 26)=C£B4.BKHA + AHF + FGE + EGID + DIC.

Fig. 26. Fig. 27.

It may sometimes happen that some of the component figure*

have to be subtracted instead of added ; for example,

ABODE (fig. 27) = AFHE + BCG - AFGB - EDH.

§ 58. Again, the irregular rectilineal figure PiPj . . . P^Pj (fig.

28) can be broken up into a series of triangles and trapeziums as
shown in the figure, and hence its area can be found.

§ 69. A figure made up of straight lines may be measured by
cutting it up into triangles by lines drawn from some onevertex to
the others. For example (fig. 29),

ABCDEF-ABC + ACD + ADE-'- AER
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IF the polygon be concave some of tlie triangles will hare to be
subtracted.

Fig. 28. Fig. 29.

§ 60. Area of a Polygon in terms of the Coordinates of its Angulan
l-oinls —Let the coor<ii-

naUa of P, Q, K (fig. 30!, be

(a:i. Vi). (^s, Vi), and [x^, i/.J

respectively, and let the

exes be inclined at sn angle

o. Draw PL, QM. and KN
parallel to OY, t>-<n

LM=OM-OL=K,-a;,,
MN =0N-0M = a:3-a;„

and 0/ i^ M
NL=ON-OL =3^3-1,. Fig. 30.

Now PQR = PLMQ + QMNR-PLNR.
Bnt PLMQ = PLM + QMP=.PLM +QLM

= iPL-LMsino + 4QM-LMsin(180°-a)(§9, fl)

= i(a;5-i,)(j/i + yj)sino.

Similarly QMNR = J{a;3-a;j)(yj + y3)sino,

and PLNR = J(a;3-Zj)(!/j + yi)8in a; hence

area of PQR= Jsina{2/,(a:3 -Xj) + yj(K3-Zi)+y3(z,-!t,)};

or in the notation of determinants

'isina 1 1 1

Vi Vi Vi

When tne axes are rectangular sino= sin 90°=

for the area becomes

4(yi(a;a-a;3) +2/2(2:3 -ah) +^3(^1
=4 1 1

1, and the formula

vi y-i 2/3

§ 61. The area of any rectilineal figure of n sides can be found by
taking any point within the figure and joining it to the n vertices

of the figure, thus dividing it into n triangles the area of each of

which can be obtained as in the preceding case.

We may, however, find the area of the figure directly.

For example, in fig. 31

PQBST - PPTT + TrS'S + SS'R'R - RR'Q'Q - QQ'FP.

end in fig. 32

PQRSTU = PP-U'tl + RR'Q'Q + TT'S'S - PP'Q'Q - RR'S'S - ITXS'XS.

p'r Q^

Fig. 31. Fig. 32.

B. Irregular Curvilineal Figures.

% 62. Length of any Curve.—If we divide the given arc into an

even number of intervals and re-

gard these as approximately circu-

lar, we can find an approximation
to the length of the arc by means
of Huygens's formula, § 32. For
example, if we divide ABC (fig. 33)

into four parts in D, B, and E, and
draw the chords AD, AB. DB, BE,

. r. ,, n
BC, and EC. then -^ ^'8 ^^-

„„f
arcAC = AU + DB + BE +EC + J(AD + DB + BE + EC-AB-BC)
approximately

For other methods of anproximation. see Rankine's Mules and
Tables.

§ 63. Area of an Irregular (Curvilineal Figure.—For rough ap-

proximations the following, called the trapezoidal method, may be
used :

—

Divide AjA, (fig. 34) into n equal parts, and through the points

Pn-jPiii

A, Aj An-2 Ann Aft

Fig. 34.

of division draw the ordinates called by surveyors offsets, AjP.,

AjPa, &c

Let AjPi^s, , AjPj = », , &e., A„P„= Sn, and
AiA2 = A2A3= . . . -=An-iA„ = a.

Join P1P3, PjPs, &c., then the area of the polygon AiA,P„PjP,
= A,AjP5Pi4 AJA3P3PJ+ .... -l-A,.iA„r„PB-i

= ia(s,-H«j) + Ja(Sj + S3)+ .... +i(i(s„.i + s,) (§ 13, a)

= <»{i(Sl+ Sn)+«a+ *8+ • +»n-i}-

If we take n sufficiently gieat the difference between the area of

the polygon and the curvilineal figure can be made as small as we
please, in other words, the smaller we make a the more accurately

will the above formula represent the area of the curvUineal figure.

The curve may either be

wholly convex or wholly concave n Pi
''

to the line A,A„, or partly con-
^

vex and partly concave.

§ 64. Simpson's Rule.— 'Let

A,A„ (fig. 34) be divided into

an even number of equal parts,

and as before through the points

of division draw the ordinates

A P A P &c.

'Let a'a^PsPi (figs- 35. 36i be ^7 A, I

a part of the figure thus di-

vided; join P,Ps, and through pj. 35
Pj draw BC parallel to P,P3 to

meet A,P, in B and A3P3 in C.

Pi

A, A, A

Fig. 36.

Conceive a parabola to be draws

through P1P2P3 having'it's axis parallel to the ordinates, then

AiPiP4P3A3= trapezium AiPiDPsAsdbparabolic segment PiPjPs

= o(Si -f 53) dk Jn {sj~i(Si -VSj)} = Ja(«i -t- 4S3 + S3)

.

Now when the points P,,P.,P3 are near each other the parabolic

curve will coincide very nearly with the given curve; hence

AiPiPaPaAj- Ja(s,-f4jj-t-J3) very nearly.

Similarly A3P3PjA5= Jafs.-f 4s -fSj), &c.

;

hence whole area of figure

= la{si+s„ + 2{S3 + Si+ . . -(s„-Jl^4^SJ-^s^+ . +A.-1)}:

whence the rule:—add together the two extreme ordinates, twice

the sum of the intermediate odd ordinates, and four times Uie sum

of the even ones, and multiply this result by oiie-lhii d of the common

distance between the ordinates; the result is the area,—acniraWi/ )f

the curved boundary be the arc of a parabola, in other cases ap-

proximately. ,

The curve may either be wholly convex or wholly concave to the

line A,A„, or partly convex and partly concave, provided in the

latter case the points of contrary flexure occur only at the odd

ordinates, for otherwise the intermediate arcs could not be even

approximately parabolic. When points of contrary flexure occur

ordinates may bo drawn at these points, and the intermediate arcs

being found separately may be added to obtain the whole area.

§ 65. In the two preceding sections we investigated two formolr

for approximating to the areas of curvilinear figures,

proceed to consider the subject more generally.

R

We now

^p Ap« Aft-»i

Fig. 37.

'
Let the equation to the curve P,P,P.+i (fig. 37) agree with the
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equation 1/= A + Bt + C2«+ .... + Ki" for n + 1 pointe oetween
P, and P„+i, then the area qf the curvilinear figure bounded by the
straight lines A,P,, A,A„+i, and A„+,P„+i and the curve PiP„+i
\yiU agree very nearly with the curvilinear figure bounded by the
s.ime straight lines and the curve whose equation isJ/ =A + Ba; +
faH+ . . . . + Kx", and the greater the number of common noints
the closer will be the agreement.
Let A,A„+i be divided into n equal parts, each equal to h, th?n

AjA„4.i — nA. Now

whenar-Oj 2, = yj=.A;

frhenx = h, i/~i/, = A + Bh + Ch^+ .... +KA";
t?heaz = §A, a=y3-A+ B(2A) + C(2AP+ .... *K(2A)oj

^•' " - . . •

<nheus-nfi, v= ?'i+i= A. + B(7tA) + C(HA)'4 .... i-K{,nh)',

From these « + l equations the n + 1 quantities A, B, . . . . E

can be determined as functions of j/„ y^, . . . . j/n+i, aud A-

Next let AjAn^-i be divided into m equal parts each equal to h

Thus mh=nh and hence A =—
Now

But

the area of the rectangle A,Ap+iP,R = A,Ap+i x .A,P,

-A»P» = yp = A + B(pA) + C(pA)'+

= A + B^:^+C('^^V+ ..

, . +K{ph)"

ft =
nA

and

therefore area of A,R

A,Ap+) = A-
nh

m '

nh + B«A£^+C«'i»^3+ • + ^""^"iJ^.i

Hence the area of the whole figBrB

=L 2'"> I - + ^nJ^A + C«W4 + . . + K^-A"^ I

=L nA-f A 5a + Bnft^ +C7i=A'^,+
-'--'fn=co t in rr\r w?

where S„=l» + 2" + 3"+ . . +m'>.

Now if wa take the limit of each of the terms

Sq S] S. Sn
m ' m?' m^ m"+' '

w« obtain area of curvilinear figure

- Kn'h'
•n,n+i

B Ck+—nh+— n-h--^ . H Tn"A'
» + l •1

From this general result we can deduce " SiniDson's Rule "and
alsp another rule called " Weddle's Rule."
Thus let n= 2 ; that is, assume that the curve under consideration

has three points in common with the curve whose aquation is

y=K + 'Bx + Cx". i.e., with a parabola, then

yj=A + BA +CA',
y3 = A + 2BA+4CA».

N«w the area is approximately

= 2A{A+iB2A + JC2-A'j

-JA{6A + 6BA+8CA2}

=P{yi + iv^ry,} , Simpson's Rule,

If ire now put n = G, we have area of curvilineat figure

-eA{A+JB6A+JC6'A«+ JDGW + ^E6<A*+ JF6Wi '-G6W}.

Kow 2/i
= A

,

y2 = A + BA + CA«+ .... 4-GA6,

y, = A + B(6A) + C(6A)'+ .... G(6A)».

Iftoui this system of equations we can determine A, B, C, i . i G,
oad subttitiiting the values so obtained in the above expression we
obtain the following remarkable formula for the approximatn area

:

This formula, called Weddle's Rule, gives the closest .ipproximstion
to the curvilinear area that can be obtained
by any simple rule.

Wo are now in a position to find the
approximate area of any irregular plane
figure. For the given figure can be
divided into plane rectilinear and cur-
vilinear figures, the areas of which can
be separately determined by the rules
already given. For (vample, APQRS
(fig. 38)

- ABC + APD + BRC - DgB - ASC

.

Fig, 38.

PART 11. SOLIDS.

Section I. Solids contained by Planes.

A. Prisms, Pyramids, and Piismaloids

§ 66. Volume of a Right Prism. —First let the prism bo a recti
angular parallelepiped (fig 39), and
let the side AB contain a units of
length, BC b units of length, and
CD c units of length. If we divide
AB into a equal parts, BC into b

equal parts, and CD into c equal
parts, and if, tlirough the points of

division we draw planes parallel to

the sides of the parallelepiped, these

planes will divide it into a series

of parallelepipeds, whose edges are
each .equal to the unit of length.

Each horizontal layer contains ab
of these cubes, and since there are c

layers the whole number of cubes ^^" ^^'

will be abc. But each of these is the unit of volume, and therefore

yolumo of ABCD = abc = abxc = area of base ABC x altitude c.

tn the above demonstration we have assumed the edges to be

commensurable, but from § 2 it follows tliat the proof will hold

also when the edges are incommensurable. If the parallelepiped

be cut by a plane BGE it will be divided into two equal triangular

right prisms, and hence
_

volume of righttriangularprism= {abxc= areaof its base x altitude.

Since every prism can be divided into triangular prisms as In fig.

40. we have at once

volume ol right prism A'ABCDE-A'ABC + A'ACD + A'ADE
— ABC X BB'+ACD X CC + ADE x VV>'

^ (ABC + ACD + ADE) X altitude

(since BB' = CC'-DD'- altitude)

=area of base ABCDE x altitude.
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§ 68. Surface of a Priam.—Since the liues A"B", B"C', &c. (fig.

41), which make up the perimotc^r of the right section are all in

one plane perpendicular to the parallel edges A'A'", li'B'", 8:c. , they

.ire perpendicular to these edges and are therefore the altitudcH of

the parallelograms A'B'B"'A", B'C'C'B'", &c., respectively. The
lateral surface of the prism is equal to tlic Miin of these parallelo-

grams, and therefore

-A'A"'xA"B'+B'B' xirC'f
-A'A"'(A"B"+B"C"-t ),

since A'A'"— B'B"' - &c.

;

OP the lateral surface of any prism is equal to the perimeter 01 its

right section multiplied by the length of the prism.

If the prism be right, that is, if the faces be perpendicular to the

base, tlien its lateral surface is equal to the perimeter of its base

maltiplii'd by its length.

Tile whole surface of any prism is obtained bv adding to the

lateral surface the areas of its bases.

§ 69. If the prism be regular, that is, if the bases be regular

polygons, then

area of base-o'x .2- cot (§ 18, 7), where n is the number
4 »

of sides each of length a, and therefore

180'
volume —o- x — cot X A,

where h is the altituae of the prism.

Again, if the prism be right and regular, then

its lateral surface— nah + 2o° x -— cot
180°

§ 70. Volume of a Pyramid. — Let VABC (fig. 42) be for sim-

plicity a triangular pyramid. Divide VA into 1 eaual portions, and
through the points of section draw
planes parallel to the base ABC, and
through BC and throagh the inter-

sections of these planes with VBC draw
planes parallel to VA Let h denote
the altitude of the pyramid, then the

distance of the base of the r"" prism
from the vertex V

h.
-rx—

,

and, if A denote the area of ABC, we
have

base of r"* prism r'h^ 1 r"

A n" K^ ri^

since, by a wellknoiivu theorem in solid

geometry, the areas of sections of a pyramid made by planes patallel

to the base are proportional to the squares of their altitudes.

Thus we have

base of r"" prism -II A, and therefore

its volume- -J A x— (§ 67)
n^ n

h\ „

Therefore volume of whole pyramid

-AAL ^' + ^'-^
. . . +r^+ . . .

+„»

-AAL "'" +
^^'f

+ ^'^-AAxi;

or the volume of any pyramid is equal to one-third of the area of its

base muhiplied by its height.

From this we see that pyramids on equal bases are to ope another

as their altitudes.

If the pyramid be regular, that is, if its base be a regular polygon

the perpendiculi"- through whose centre passes through the vertex,

its volume- J x 0' x -^cot
4

-xk.

§71. Surface ofa Ketrular Pyramid.—The Literal surface of the

regular pyramid VABCDEF (tig. 43) is equal to the sum of the areas

of the K congruent triangles which maka up the lateral surface of

the pyramid

Now area of triangle VAB — JAB x VG ; hence whole lateral sur-

face- JuAB-VG- tna^, where I is the slant height and a the length

of the side of the base.

• Again, if VO-A-altitude of pyramid, we have

i-va-vv^+0G>- aJj^'- -cot'
180°

therefore whole surface — base -t- lateral surface

1 /,„, a' ,,180°
Inn A./ h-+ -r cot-V 4 »

a'x—-cot — +lna
4

!\2 nV 4 n J

m
-^ /..•it

\
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Again frustum = VA'B'C - VA"'B"'C"^

-j|A,(i+A)-Ai^}

hs/A,

}}
-JA(A, + Va7A3 + A3K

B formala which applies to the frusta of all pyramids regular and

irregular.

The above result may be otherwise expressed. For, let A'B'= aj

and A"'B"'= a3, then, if A"B"C" be a section equidistant from the

ends of the frustum, A."B" = a, = i{a^+aj).

Now Aj—pa] and A^^pal (see § 70)

;

hence A,-iarea of A"B"C"-pa|=^(^bi'^-j , which gives

/fij "pa] + ipa^a^ +P<il = A, + 2VAjAj + Aj
;

therefore volume of frustum

^- iA(2A, + 2Va^Tj + 2A3) =WAi + 4Aj+ Aj)

;

or the volume of the frustum of a pyramid is obtained by adding

the areas of the ends to four

times the area of the middle
section, and multiplying the

sum by one-sixth of the alti-

tude. .

The above result can be ob-

tained at once from § 72, since

A'B'C'A"'B"'C" is a prismatoid
with similar bases.

§ 74. Surface of (he Frustum
of a Regular Pyramid.—In fig.

45 Jet.the perimeter of A,=^,

,

that of»A2=p„ and that of

A3=^j, and let VD' = ii,

,VD"' = L, and therefore D'D"' =
VD' - YD'" - 1^-1^ = 1. The
lateral surface of the frustum is

equal to the difference between the lateral surfaces of the pyramids
VA'B'C and VA"'B"'C"',

= \Pih - iPih

'3. "3 "^3 Pi'
therefore lateral surface of frustum

§ 77. If the prism be right or oblique, the volume of a frustum is

equal to one-third of the area of its right section multiplied by the

sum of the parallel edges. For divide the frustum AA'B'C (tig.

47) into two frusta by a plane A"B"C" of area A at right angle*

to the edges, then ('

AA'B'C - AA"B"C" -I- A-'A-E'Cl

= JA(AA" + BB" -f CC")-fiAU'A"TB'B"-fC'C"r
= JA(AA" -H BB" -H CC" + A'A" -|- B'B" -f C'C")

= H(AA' + BB'H-CC).

Again, since every prism can be divided into triangular prisma,

we can find by repeated applications of the above proposition th'

volume of the frustum of any prism whatever. For example, if

Fig. 45.

But, since

Pi
and U= ^*

,

-Pa Pi-P>

\P1-P3j (^)= ipi

or the lateral surface of the frustum of a regular pyramid is equal

to the product of the slant height and the nerimeter of the section

equidistant from the ends.

Otherwise.—The top and base being regular polygons, the inclined

faces are congruent trapeziums. Let I be the height of each

trapezium, and let there be n of them, then

2\ n n /

and therefore the area of lateral surface =— {Pi + P3) = Ipa

§ 76. U h the altitude of the frustum be given, we deduce the
slant height and then proceed as before. Thus let VP = Ag,

VQ= Ai, and using the same notation as in §§ 72. 73, and 74 we
have

Ai a, „v:.v_jygg^ ^1(^-^3)^ aih

a 80'

Aj - A3 Oj - dj

Again Z; = AJ -1- JaJ cot" ,and.=(^)^;
whence I is Imown since Zj is known in terms of h.

When the pyramid is irregu-

lar the lateral planes are non-
congruent trapeziums, the areas of

which can be found separately by
§ 12, and hence the whole surface.

§ 76. Volume of the Frusium of
a Triangular Priam.—Let A denote
the area of ABC (fig. 46), and let

'i,, A5, ftj be the altitudes of A',

B', C respectively with reference to

the plane ABC. Divide the frustum
into three pyramids B'A'AC, B'ABC,
and B'A'CC by the planes B'AC
and B'A'C. These three pyramids
are respectively equal to BA'AC,
B'ABC, and ABCC

;

hence volume of frustum = JA,A + JAjA + JAjA
= iA(A,-^A,-^A,).

A.,,.

-&
B'

'b'

Fig. 47. Fig. 48.

the base of the frustum of a right prism AA'B'CD' (fig. 48)

be a rectangle 12 feet by 6 feet, and the parallel edges in order

6 4, 10, and 12 feet, then

A = area of base = 12x6 = 72 souare feeti

Frustum- ABCA'B'C -I- ADCA-D'C
= J X JA(AA' -I- BB' -h CC) -I- J X iA(AA'

-*- CC
-1- PD')

= JA (2AA' -I- 2CC' -I- BB' 4- DC) = 676.

§ 78. Volume of a
Wedge.—The wedge (fig.

49) being merely the

frustum of a triangular

prism, we have at once

volume = JA(FE
f AD + BC),

where A is the area of its

right section ; otherwise,

the wedge may be con-

sidered a prismatoid

whose upper base is a

straight line, and hence its volume = JA(4Aj-H A3), since Aj = 0.

B. Regular Polyhedra.

§ 79. The regular polyhedra are five in number, namely, the

tetrahedron, cube, octaJiedron, dodecahedron, and ieosahedron, who„f

solid angles are formed respectively by three equilateral triangles,

three squares, four equilateral triangles, three nentagons, and five

equilateral triangles.

Since a regular polyhedron admits of having a sphere inscribed

within it and described about it, it can easily be shown that the

volume of the ooWhedron

Fig. 49.

cos— cot'

—

-a'x-x
-COS — -H— cos

J-Vm n J \ m n J

)

and from § 18, 7, it follows that the surface of the polyhedron

„ In ir= a'y. -j-cot— ,
4 n

where I -= the number of faces,

m = tho number of faces in each solid angle,

»i = the number of edges in each face,

and o -= the length of each side.

The following table contains the surfaces and volumes for the

five regular polyhedra whose edge is 1.

Polyhedron.
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The. surface and volume of a regular polyhedron Whose edge is

a is obtained by multiplying the surface and volume of a similar

polyhedron whose edge is 1 by a- and a' respectively.

Section II. Solids contained by Sukfaces which abe not
ALL Planes.

A. The Cylinder.

§ 80. Volume of a Cylinder (fig. 50).—Inscribe in the cylinder a

polygonal prism of which the number of sides may be increased

indefinitely. Then in the limit the base of the prism becomes the

base of the cylinder, and the volume of the prism the volume of

the cylinder. Now by § 67 we have

volume of prism = area of base x altitude

;

hence volume of cylinder- area of base x altitude.

§ 81. Surface of a RigU Cylinder.—As above, in the limit the

base of the prism becomes the base of the cylinder, and the surface

of the prism the surface of the cylinder. Now the lateral suiface

of prism
= perimeter of right section x length

-perimeter of base x length, in the case of a right prism (§ 68);

hence lateral surface of right cylinder= circumference of base

X length.

Fig. 50. Fig. 61.

B. The Cone.

I % 82. Volume of a Cone (fig. 51).^In3cribe within the cone a

pyramid of which the number of sides may be indefinitely in-

creased, then in the limit the base of the pyramid becomes the base

of the oone and the volume of the pyramid the volume of the cone.

By § 70 volume of pyramid = J base x altitude,

and hence volume of cone = J base x altitude.

§ 83. Volume of the Fruslum of a Cone.—From § 73 we find that

the volume of the frustum of a pyramid

-iA(A, + VA;r3 + A3);

hence, since in the limit the frustum of the pyramid becomes the

frustum of the cone, we have

volume of conical frustum — ^^(Ai + VAiAj + Aj),

where A, and A, are the areas of the terminating planes of the
frustum.

Let the terminating planes be circles of radii r, and rj, then
volame of frustum

= \h (irrj + irr-^r, + rr\) = Iwh {r\ + r^r^ + r\) .

Again, by the same section we have

volume of frustum of pyramid- JA(A, + 4A5 + A,),
therefore volume of conical frustum- JirA(rJ + 4r| + rJ),

where r^ is the radius of the circular section parallel to the ter-

minating planes and equidistant from them.

§ 84. Surface of a Right Cone.—The lateral surface of a regular
pyramid is by § 71

= i perimeter of base x slant height;

hence, since in the limit the surface of the pyramid becomes the sur-

face of the cone, the lateral surface of a right cone is equal to half
the circumference of its base multiplied by the slant height
Thus the lateral surface of a right cone of slant height I and the

radius of whose base is r is equal to

4x2irrx;-irrZ,

and whole surface = lateral surface -f area of base
= irrZ + irr^

•=Trr(i + r).

Again, if A, the altitude of the cone, be given, we have

l = \/WTr',

and therefore whole surface — «•(VaM^-)- r)

.

§ 85. Surface of the Frustum of a Sight Cone.—The lateral surface
of the frustum of a regular p3Tamid is equal to the product of the
•lant height and the perimeter of its middle section (§ 74) ; hence

in the limit we find that the lateral surface of the frustum of n

right cone is equal to the product of its slant height and the cir-

cumference of the section equidistant from its parallel faces.

Let r, and r, denote the radii of the ends of the frustum, and t

the length of the slant height, then
T-j = i(ri + rj) = radius of middle section,

and therefore

lateral surface = 2irr, x Z = 27r x J(r, -f rj) x 2 = Ti(r, + r,) ,

and whole surface = irrf -I- ir?(rj + rj) -I- irrj

.

If h, the altitude of the Irustum, be given, we have

i-VA^-Kri-r,)".

C. The Sphere.

§ 86.. Surface of a Spherical

Zone.—Let AB (fig. 62) bo a

small arc of the sphere, and
let AA', BB' be perpendicular

to the axis XX', to find the
surface of the zone generated

by the arc AB. Join AB, and
draw OP perpendicular to AB,
BD parallel to XX', and PP'
parallel to AA' or BB'. The
chord AB generates the frustum

of a cone, whose lateral surface
= 2irPFxAB.

But, since the triangles ABD
and OPFare similar,

AB OP
BD°PP'

therefore area of conical fTUStum-27r.OP.BD = 2ir.OP. A'B'.

Similarly the area of the frustum generated by BC = 2ir. QQ- B'Cy.

But in the limit when the chords AB, BC, &c., are indefinitely

diminished, the perpendiculars OP, OQ, &c., become each — r, and
hence by summing all the areas we get in the limit

area of zone = 2irr x (projection of arc on axis of revolution).

Hence the convex surface of a segment of a sphere is equal to the

circumference of a great circle multiplied by tne height of the seg-

ment or zone.

§ 87. Surface of a Sphere.—The whole sphere being a rone
whose height is 2r, we obtain at once

surface of sphere = 2irr x 2r= 4irr^

;

or the surface of a sphere is equal to four great circles.

The total surface of the cylinder circumscribing the sphere of

radius r is 6irr°, hence the surface of the sphere = 1 surface of cir-

cumscribing cylinder.

§ 88. Surface of a Zune, a Spherical Triangle, and a Spherical

Polygon.—It is shown in spherical trigonometry that

(o) the area of a hine included between two great circles of a

sphere of radius r, and whose inclinatiou is $ radians, is

2«r2;

(5) the area of a spherical triangle whose angles are A, B, C is

(A-t-B + C-,r)r=;

(7) the area of a spherical polygon of r sides is

{P - (r - 2))r}r', where P is the sum of its angles.

§ 89. Measurement of Solid Angles.—A convenient unit for the

measurement of plane angles is the "radian." If we assume that

each unit of surface of a sphere subtends the same solid angle at the

centre, we can deduce a very convenient unit for the measurement
of solid angles. This unit, which has received the name " stera-

dian," we define to be the solid angle subtended at the centre of a

sphere by a portion of the surface wh()se area is r*.

§ 90. Number of Steradians in an Angle.—Let A be the angle at

the centre of a sphere, and let S bo the portion of the surface of the

sphere which it intercepts, then

number of steradians in A S

For example, if A be a

1

plane

r»"

solid angle, S — a hemisphere
— 2irr' ; hence the number of steradians „ ^

g gVr'
" P

in a plane solid angle =—y= = 2ir,
r^ r^

and therefore the number of steradians in_-,

the solid angle at a point — 4ir. This solid £
angle is sometimes called a steregon.

Hence, if we can find the surface sub-

tended by any solid angle, we can always

find its magnitude in terms of the unit

solid angle. . p-

§ 91. Volume of a Sphere.—Let ABO * "^
(fig. 63) be the quadrant of a circle, draw DB and DC tangents to

it, then, if AD be joined and the whole figure be conceived 8P
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rotating round AB, ABD, ABC, and ABDC wUl generate a cone,

a hemisphere, and a cylinder respectively.

Now draw two parallel planes EFGH and E'F'G'H' very near each

other and perpendicular to AB, and draw FF' and GG' oarallel to

AB. then, by § 80,

volume generated by EHH'E'=irEa»x EE',

EGG'E' =irEG2xEE',

EFF'E' -jrEF' xEE'.

TTius volume generated by EFF'E' + volume generated by EGG'E'

= ir(EF» + EG') X EE' - ir(EA^ + E(y) x EE'

-irCAG') X EE'-tEH^x EE'

= volume generated by EHH'E .

Therefore in the limit, when tlie number of slices is indefinitely in-

creased, and their thickness indefinitely diminished, wo have volume

of cone generated by AF + volume of spherical zono generated by CG
-= volume of cylinder generated by CH.

Let r = radius of sphere, A-AE- height of zone ACGE, then

volnme of cone= JirA- x A= jirA', and

volume of cylinder = 5rr^x ft,

therefore volume of spherical zone- vr^h - ^irA'

= Jir7i(3r2-A=).

The height of a hemisphere is r,

therefore volume of hemisphere = ivr{Zr' - r") = §itr'
,

and volume of whole sphere = Jirr'

,

a result readily obtainable by the infinitesimal calculus, or by

inscribing within the sphere a series of triangular pyramids whose

vertices all meet at the centre of the sphere, and the angles of whose

bases all rest on the sui-face. In the limit the altitude of each

pyramid becomes the radius of the sphere, and the sum of the bases

of the pyramids the surface of the sphere ; hence

volume— JSxr=4 x 4irr'xr— firr'.

The volume of the circumscribing cylinder= 5rr=x2r=2Tr',

therefore volume of sphere = | volume of circumscribing cylinder.

§ 92. Let S denote the surface of a sphere and V its volnme, then

from §§ 87 and 91 we have

VS 3/8" ./=

(3)S=,v/ir(6V)=J.. ,

formulse which give the radius in terms of the surface or volume, the

surface in terms of the volume, and the volume in terms of the

surface.

§ 93. Volume of a Spherical Shell.—Let r and r^ denote the radii

of the two snheres, then

olume of BheIl=V=^irrJ-4ir»^

-'itiri-rXrl + rir+r').

Now let ri-r=h, then

If % be email compared with rj, then r/r, is very nearly eqnal to 1,

and we have approximately

V = j7rr;/i(l + l-|-l) = 4jrr;A.

Agnin, if h be nearly equal to r„ r is very small, and r/r. is also very
email, so that we have apprcxioiotely

§ 94. Volume of a Spherical Segment.—Let CRC (fig. 54) be a
section of a spherical segment whose
altitude RQ is p, then, if OQ = h,

volume of segment CRC' = volume of
hemisphere - volume of zone AA'C'C
= §Tr'-JirA{3r«-ft3},§9l.

= !«•'-Xr -i>) f 3r3 - (r - p)'}

= iTp»(3r-;;).

If we putp — 2r, we obtain as before
volume of sphere— ^Trr* .

Again if CQ-o-, wo have

CQ==a; = RQ.R'Q-^(2r-/>),

whence r=1i •''
.

2p '

therefore volume of segment=Jiij)(3oJ+p-).

§ 96. Volwme of a Spherical Frustum.—When one of the termi

Dating planes passes through the centre we have already found

that the volume
-iTA(r»-A=),

where h is its altitude.

Now suppose that neither of the terminating planes passes through

the centre ; for example, to find the volume of the frustum BB'CC
Let UQ-» and Rl' = ?, then

BB'G'C = si^ment RBB'- segment RCC
= iwq{3a; + q-) - inp{2ai+f),

where o, and a, are the radii of the ends CO' and BB'.

Let 9 -p = A= height of frustum, and, since, from the geoTr.ijtry of

the figure,

£l±L'=e!l±9!_2r
P 1

we have Tolume=iTA{3(aJ + a;)+ A^},

a result which may also be obtained by considering BB'CC as the

difference of the two zones AA'CC and AA'B'B.

D. Spheroid.

§ 96. Surface of a Prolate Spheroid.—The prolate spheroid is the

solid generated by the revolution of an ellipse about its major axis.

If S be the surface generated by an arc of the curve, then

S=2;r/j/ ./l + f^\dx, taken between proper limits.

In the case before us

S = 2ir6= + 2ir— sin-»e,
e

where e is the eccentricity (Infinitesimal Calculus, art. 179).

§ 97. Surface of an Oblate Spheroid.—The oblate spheroid is the

solid generated by the revolution of an ellipse about its minor axis

(fig. 55).
^

Here surface = 2jra'i-f--'— log, iii (Intiniteshull Caloblcs,
6 1 — e

art. 179).

§ 98. Volume of a Spheroid.—We have volume of prolate spheroid

Similarly volume of oblate snheroid— Jiro-ft

.

Thus,
volume of prolate spheroid |ira^ 4 .

volume ofoblate spheroid |ira^6 a

sphere described on major axis $*a' o^ .

prolate spheroid Jira6^ tf*

sphere described on minor axis ^itl? V
oblate spheroid |ira^i> a'

§99. Volume of a Segment of a Spheroid.

(o) The prolate spheroid.—This segment is generated by the

revolution of AMP (fig. 23, p. 20) about Ail, and hence

it3volume=ir/ t/'dx^ir-^ / (2na!-ar')<fa!=-5- x ^5-(3a- A>,
yo " Je o "

where A is the origin and AM=A.
(3) The oblate spheroid.—The segment in this case is generated

by the revolution of BMP (fig. 55) at)0"ut BC, and hence

itsvolume= ir/ y-dx=Tr^/ (2bx-x')dx =^x -jj-{3b-h),

where B is the origin and BM~A.
§ 100. Volume of the Frustum of a

Spheroid when one of the Terminating
Planes passes through the Centre.

(a) The prolate spheroid.—The frnstam
in this case is generated by the revolution

of BCMP about CM (fig. 23).

Now volume generated by BCMP
•= volume generated by BCA
- volume generated by PMA

= |»aia_-^x^3a-A)

(»)

(&)

(7)

6^
'

= Z.x^(3a»-i=), where A'

Fig. 56.

show in a similar i

fc =CM— height of frustum = o - A .

(3) The oblate spheroid.—We can
that the volume generated in tWs case

The above formulte may be put into another form. Thus, irfth'e'

case of the prolate spheroid, since the point P lies on the ell Tb
iV + a-j/-— o-i-, we have

J-fc" + a-b' — a^V , where \ =PM , which gives

,(6i_- *J>

.

fc»-
b^
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<rh«nce, Ijy sabstitntioo, the volume of jirolatc frustum
- !,7rl.i2b^ + (,-).

Similarly we can show that the volume of the oblate fruEtum

while <:^ I'M .

, These formula play an imiiortant part iu the gauging of casks.

E. Paraboloid.

§ 101. Surface of a Paraloluid.— Lot the equation to the para-

bola be y' — ias, niid let tlie coonlinates of P (lig. 21, p. 19) be i,,

J,, then the =:tirface of the car.iboloij generated by the revolution

of AM rUouI Al"

§ 102. Volume of a Paraholoi.d.—\\"iih the same notation we
have

Tolumc-5r/ 'ifdx-iTrn/ ' xj/r - ^ir x 4<jj-j x ij = Jiri/; X Xj
;

Jo Jo
or the voUiiui'of a paraboloid generated by tiie revolution of a part

,of a [larabola bctuecu the vertex arid any point is equal to half the

volume of the cireuniscnbing cylinder.

§ 103. If the coordinates of Q be x^, y.^ then the volume of the

fiustum rPQQ

where h -JIN ; hence the volume of the frustum of a paraboloid

f the areas of

F. Ellipsoid.

% 104. Volume of an Ellipsoid.—the equation to the ellipsoid.

being
x' y' z- .,

the equation to the elliptic section at the distance z from the

origin is

of a pi

is equal to half the sum of the areas of its ends multiplied by its

height

1-— •

c-

Now if we draw an indefinite number of parallil planes per?

pendioilar to the axis of i, each slice will bo an infinitely thin

cylindrical plate, and accordingly the whole volume of the ellipsoid

-/Ach, where A is the area of the elliptic section.

But A =ira6A-^V §51,

therefore volume ='7ra>/ ( 1 -^ \dz=^Tabc .

The sphere being an ellipsoid whose axes are all equal, we obtain

as befora

volume of sphere =jTa' = fBT^

G. ffyperholoid.

§ 105. Volume of an Byperboloid.—The hyperboloid is generated

oy the revolution of the hyperbolic segment ANP about AN (fig.

24, p. 20). If the coordinates of P be ;c„ yj, then

volume of hyperboloid =y y-dx = t^^t/ f

'

(^ -<Oii

where A— AN-Xj-a.
Agaiu, since a^ i/j is on the curve, w© have

V'
zt^m :

'•»«'":e-

Let ipCx) = A + Bo: + Co^^ + Dx' + .... +K2" denote the area

of the section in question.

Now the solid between the sections ^(O) and (p{i) is equal to the

solid between the sections (pifi) and ())(2) plus the solid between the

sections 0(2) and 0(4). Hence if the nrismoidal fof-mula is to hold

in thia.case, we have

JA 10(0) + 40(2) + «(4)}

= A^{0(O)+40(l) + 0(2)} + .>j/'{*(2) + 40(3) + 0(4)},

where h is the distance between the sections 0(0) and <S(4).

Hence we have
0(O)-40(l) + (i0(2)-40(31 + 0(4) = O.

Now 0(0) = A
-40(1)- -4A-4B-4C-4D-4E- .... -4K
+ 60(2) = 6A + 12B + 24C + 48D + 96Et hC-2"K
-40(3)= -4A-1^B-36C-108D-S24E- .... -i 3"K
+ 0(4) = A + 4B + 16C + fi4D + 25CE+ .... I 4«K.

Therefore = + + + + 24E + PF+ ."?
. . +rK.

Hence E = F= . . . . K=0, and therefore 0(a:) must be a func-

tion of the third degree in order that the prismoidal formula may
apply.

§ 107. If we take0(r)-A-(-Br-HCi-=-(-Dj:^ therewillbeas many
possible varieties as there are combinations of four things, ouo, two,

three, and four together, i.e., 2'- 1 = 15 varieties. Corresponding

to each of these there will be at least one solid the area of a section

of whicli at a distance x from one of the parallel planes is

(!>ix)— A + '&x+Cx- + Di^, and al least one solid of revobtlion

generated by the curve whose equation is of the form

Try--'<t,(x) = k+Sx + Cir+\>x''.

A3 space prevents us discussing all the cases that may arise, we

content ourselves by giving three examples .as illustrations.

(a) Yolurm of an. ellipsoid.—Here 0(x) = Bx -f Cz-.

Let la, 2b, and 2c be the axes of which 2a is the greatest, then

!i = 2a, Ai= Oi, A3 = 0, and Aj=ir6e;

therefore volume = J/i(Aj -f 4A„ -f A3) = la{iirbe) = JiroSc

,

which agrees with the result in § 104.

(/3) Volume of a sphere.—Hi!Te-iri/ = <p{x) = Bx+Cx'.
Let r be the radius of the sphere, then A = 2r, A, = 0, Aj-O, and

Aj-irr', hence, as before (§ 91),

volume of sphere = y«(Ai-f4Aj-l-As)-^(4jrr')-j7rr^.

a'yl-b'ia + h)'^ -a'b", which gives ^- 2^^^j

volume of hyperboloid= ^ J^' x - —=%

H. Solids to vikich the " Prismoidal Formula " applies.

§ 106. It was shown in § 72 that the volume of any polyhedron

bounded by two parallel planes and by plane rectilinear figures

-i/i(Al-^4AJ^-A3),

where A„ A,, and A, denote respectively thejireas of_the-two enda

and oi the middle section.

We now proceed to show that the same fonnula determines' the

volumes of all solids bounded by two p irallel planes, provided tho

•rea of any section parallel to these planes can be expressed as a

nltional integral algebraic function of the third degree in a:,;Where^

M i' tho distance of the section from either plane.

(7) Volume of a right circular rjn<.—Here iry' = 0(a;) - Car-

Let T=radius of base and « the altitude, then A,-0, Aj = irr*,

and A5=ir(ir)* ; hence

volume of cone = J7j { Aj -t- 4A J -f A3 } -
i A { irr* -Hrr= } - iAirr*

In a similar manner we can determine the volumes of a cylinder,

a prolate spheroid, an oblate spheroid, kc
§ 108. In general, if in any solid we have

0(?) = A -t- Ba -I- Ca;= -^ Da^

,

where A, B, C, and D are known constants, then, if A be the length

of the solid,

Ai-0(O) = A,

Aj = 0( iA) =A -f B(iA) H- C( JA)= + D(iA)'

,

A3 = 0(A) = A -h BA + CA2 -f DA\
and therefore

volume of solid=iA(A, + 4Aj-hAj)

-AA-H4BA*+iCA3-h}DA«.

I. Solids of Eevolulion in General.

§109. Volume of any Solid of Rctolution.—Let P,Pj . . . . Pf,

(fig. 34) be the generating curve, and A, .... A, the ^xiB of

revolution. Divide the curve iiito portions in tho points P,, P3,

fcc, and draw the chords and tangents of the small arcs I ,Pj,

P.Po, J:c, then it is evident that the solid generated by the curve

is greater than the snm of the conical frusta traced out by the

chords and less than the sum of the conical frnsta traced out l.y the

tangents. Hence, by increasing the number of chords, namely, by

increasing the points of division of the curve, wc cau make tlie

difference between these sums as small as we please, and therefore

by this method we can approximate as closely as wc please to the

volume of the solid generated.

Assuming tb^.t the points P,, P„ P3 are so near each other that

the solid generated difi'ers little Irom the frustum of a cone, and

using the same notation as in § 63, we have volume gcneraU-d by

PiPsPa = iirA,A3(s; + is', + «',) = i»2A,A.(s; + is', + »;)

= J^ra(s;-^4s;-^5;);

similarly the volume generated by

whence the volume generated by tho whole curve P,P, .... P.

'^ii,a{sl+el+2{sl + sl+ -t-sJ -!) + <(«; + »:+" +»i i)}i
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• r (since its'. - iL

, irs! _ ii- , &c.)
4ir 4ir

-~K+<:S + 2(c; + <;;+....+4.,) + 4(«!+c:+....+ri;.i)},

» formula more convenient in practice, as it is sometimes more easy
to measure eouidistant circumferences than equidistant radii.

J. Theorems 0/ Pappus.

§ 110. The following general propositions concerning surfaces and
solids of rerolution, usually called Guldin's theorems, are worth the
reader's attention.

If any plane curve revolre about any eztemal axis situated in its

plane, then

(o) the surface of the solid which is thereby generated is equal
to the product of the perimeter of the revolving curve and the
length of the path described by the centre of gravity of that peri-

meter ;

(/8) the volume of the solid is equal to the product of the area of
the revolving curve and the length of the path described by the
centre of gravity of the revolving area.

We content ourselves with an example or two of the application
of these theorems, referring to the article Infinitesimal CALCULns
for the proofs.

Example 1.—To find the surface and volume of a circular ring.

—

Let a be the distance of the centre of the generating curve, in this
case a circle, from the axis of rotation, and r the radius of the
circle, then

perimeter of generating curve= 2irr

,

area of generating curve •= jrr*, and

path described by the centre of gravity either of the perimeter or
area — 2ira ; hence

surface of ring= 2jrr x 2iro= iirh-a, and
volume of ring — irr'x 2#o= 2irVa.

Example 2.—To find the Volume swept out by an ellipse whose
axes are 2a and 26, revolving about an axis in its own plane whose
distance from the centre of the ellipse is c.

Here area of generating curve =wab,
and path described by centre of gravity of area = 2jtc ; hence

volume generated— 5ro6 x 2ir<;= 2ira6c.

Example S.—A circle of r inches radius, with an inscribed regular
hexagon, revolves about an axis a inches distant from its centre, and
parallel to a side of the hexagon ; to find the difijerence in area of
the generated surfaces and volumes.

Here perimeter of circle= 2irr

,

and perimeter of hexagon = 12 x rsinSO" (§ 17^
= 6r;

aiso area of circle— irr",

and area of hexagon- 3r= sin 60° (§ 18, i8)

='fV3r-2;

hence difference of surfaces generated

= iw'ra - 1 2irar = 4irar(ir - 3)

;

and difference of volumes generated

= 2TVa-3irr2"s/3a

= irr2a(2ir-3V'3).

PART III. GAUGING.

8 IIL By gau^ng is meant the art of measuring the volume of a
cask, or any portion of it. The subject is one of great interest and
fractical importance, but space will only permit us to discuss it very
riefiy. If the cask whose capacity we wish to determine be a solid

of revolution, then its volume can at once be computed, either
exactly or approximately, by the methods already described.

It is usual to divide casks into the following four classes according
to the nature of the revolving curve :

—

(a) the middle frustum of a spheroid ;

{$) the middle frustum of a !>.irabolic spindle
;

(7) two equal frusta of a paraboloid, united at their bases •

(5) two equal frusta of a cone, united at their bases.

Casks of the second, third, and fourth variety are rarely met with
in practice, and we shall accordingly confine our attention to the
first kind, which is considered the true or model form of cask.

Let ABCD (fig. 56) be a section of the cask, and assume it to be
the middle frustum of a prolate spheroid, then

its volume - iir(262 + *;)*»

where J-OY, i,-AX, f.nd k~XX' (§ 99;.

YY' is called the bung diameter, and AB or CD the heaj
diameter.

An imperial gallon contains 277 274 cubic inches, and therefore
the number of gallons in the above cask

3x277-274 831-822^'^° ^°''*

whence we have the rule :— to the square of the head diamete^
add twice the square of the bung diameter, multiply the sum by the
length and divide the result by 1059 !, and the answer is the eon-
tent in imperial galbns.

Casks as ordinarily met srith are not true spheroidal frusta, but
it is better to consider them as
such, calculate their capacity on
this assumption, and then make
allowance for the departure from
the spheroidal form. The de-
termination of the properallowance
to be made in each case is a matter
depending on the skill and ex-
perience of the gauger, and pro-

ficiency in the art can only be
attained by considerable practice.

§ 112. If the cask be very little

curved, we obtain an approxima-
tion to its capacity by considering it as made up of two equal frusta

of a cone, united at their bases. Hence from § 83 we have

volume of cask= iirA(rJ + rir3-l-rj) nearly.

Here we neglect the small volumes generated by APY, Y8D.
BQY', and Y'RC ; and therefore the volume is too small.

If we put rj^j= r] we obtain

volume- iirA(2rJ + rj)

,

which is a little too large, and therefore the true volume lies between
these two limits, and a very close iiDproximatioo to it is said to be
given by the formula

inh{2r\+rl-Ur',-Tl)}.

§ 113. Ullage ofa Cask.—The quantity of liquor contained in a
cask partially tilled and the capacity of the portion which is empty
are termed respectively the wet and dry ullage.

(o) Ullage of a standing cask.—By means of the method applied

in § 105, the following rule is deduced :

—

Add the square of the diameter at the surface, the square of tbo
diameter at the nearest end, and the square of double the diameter
half-way between ; multiply the sum by the length between the

surface and the nearest end, and by •000472.

The product mil be the wet or dry ullage according as the lesaer

portion of the cask is filled or empty.

(/3) Ullage of a lying cask.—The tillage in this case is found
approximately on the assumption that it is proportional to the seg-

ment of the bung circle cut off by the surface of the liquor. The
rule adopted in practice is

ullage = I content x segmental area. (W. T.*)

MENTAL DISEASES. See Insanity.

^
-MENTON (ItaL, Mentone), a cantonal capital in the

department of AJpes-Maritimes, France, situated 15 miles
north-east of Nice, on the shores of the Mediterranean.
The town, which has a population of about 8000, rises
like an amphitheatre on a promontory by which its semi-
circular bay (5 miles wide at its entrance, and bounded on
the W. by Cape Martin and on the E. by the cliffs of La
Murtola) is divided. It is composed of two very distinct
portions : below, along the sea-shore, is the town of hotels

and of foreigners, which alone is accessible to wheeled

vehicles ; above is that of the native Mentonese, with

steep, narrow, and dark streets, spread over and clinging

to the mountain, around the strong castle which was once

its protection- against the attacks of pirates. Facing the

south-east, and sheltered on the north and west by high

mountains, the Bay of Menton enjoys a delicious climate,

and is on this account much frequented by invalids re-

quiring a mild and equable temperature. The mean for

the year is 61° Fahr., exceeding that of Rome or of.
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Pisa, and equaUing that of Xaples. Frost occurs on
the average only once in ten years ; in one particular

year the thermometer did not fall below 46° Fahr. In
summer the heat is never very great, the temperature

rarely exceeding 86° Fahr. Winter and summer are the

most agreeable seasons ; in autumn the rain storms are

accompanied by sudden changes of temperature, and in

spring the sea breezes are apt to be violent. Besides the

charms of its climate, Menton offers those of an almost

tropical vegetation. Lemon-trees, olive-trees, and pines,

rising above each other in successive stages, adorn the sur^

rounding slopes. The district produces forty millions of

lemons yearly, and this is the principal source of its natural

\Yealth. The Live-trees are remarkable for the great size

they have attained in the course of the centuries during

which they have continued to bear. Of their wood a

multitude of fancy objects are made for sale to strangers.

The origin of Jlenton is unknown. During tho Middle Ages it

was successively occupied by the Saracens, the Genoese, and the

princes of Anjou. In the middle of the 14th century it was pur-

chased as a single domain by the Griraaldis, lords of Monaco.
During the times of the republic and the first empire it belonged
to France ; but in 1815 it again became the property of the

princes of Monnco, who subjected it to such exactions that in 1848

its inhabitants, weary of finding their reasonable demands put off

with empty promises, proclaimed their town free and indejiendent,

under the protection of Sardinia. Menton, with the neighbouring
commune of Roquebrune, was united to France in 1860, at the same
time as Nice and Savoy.

MEXTZ. See Mainz.
MENZEL, WoLFGA,\o (1798-1873), poet, critic, and

historian, was born June 21, 1798, at Waldenburg in

Silesia, studied at Breslau, Jena, and Bonn, and after

living for some time in Aarau and Heidelberg finally

settled in Stuttgart, where, from 1830 to 1838, he had a

seat in the Wiirtemberg " landtag." His first work, a

clever and original volume of poems, entitled Strecl-verse

(Heidelberg, 1823), was followed in 1824-25 by a popular

Geschichte der Deutschen in three volumes, and in 1829
and 1830 by RUbezakl and Karciisus, the ballads upon
which his reputation as a poet chiefly rests. In 1851 he
published the romance of Furore, a lively picture of the

period of the Thirty Years' AYar ; his other very numerous
writings include Geschichte Europe's, 1789-1815 (1853),
and histories of the German war of 1866 and of the

Franco-German war of 1870-71. From 1825 to 1848
Menzel edited a " Literaturblatt " in connexion with the

Morgenhlatt ; in the latter year he transferred his allegiance

from the Liberal to the Conservative party, and in 1852
his "Literaturblatt" was again revived in that interest.

In 1866 his political sympathies again changed, and all his

energies were employed to oppose the " particularism '' of

the Prussian "junkers '' and the antiunionism of South
Germany. He died on April 23, 1873. His large private

library of 18,000 volumes was afterwards acquired for the

university of Strasburg.

I»iEPHISTOPHELES, the name o' one of the personi-

fications of the principle of evil. Il old popular books
and puppet-plays the word appears in various forms,

—

as Jlephistopheles, Mephistophiles, Mephistophilis, and
Mephostophilis. In the Tragical History of Doctor

Faustus, Marlowe writes "Mephistophilis"; in the Merry
Wives of Windsor we find " Mephistophilus." The etymo-
logy of the word is uncertain. According to one theory,

it may be taken to represent /i7;<^(iJcrT0(^i'Ar;s ; in which case

the meaning would be " one who loves not light." Another
theory is that the word is a combination of the Latin
" mephitis " and the Greek <t>!Koi, signifying " one who
loves noxious exhalations." Probably it is of Hebrew

origin,—from 15P, a destroyer, and 7?3, taken to mean a

liar. This riew is supported by the fact that almost all

the names of devils in the magic-books of the 16th century

spring from the Hebrew. In the old Faust legends tha

character of Mephistopheles is simply that of a powerful

and wicked being who fulfils Faust's commands in order to

obtain possession of his soul. Marlowe attributes to him
a certain dignity and sadness, and there can be little doubt
that the Mephistophilis of the Tragical History suggested

some important traits of Milton's Satan. The name has
been made famous chiefly by Goethe, whose conception of

the character varied at different periods of his career. In
the fragment of Faust published in 1790, but written

many years before, Mephistopheles has a clearly marked
individuality ; he is cynical and materialistic, but has a
man's delight ih activity and adventure, and his magical
feats alone remind us that he is preternatural In revising

and extending this fragment, which forms the chief portion

of the first part of Faust, Goethe treated Mephistopheles
as the representative of the evil tendencies of nature,

especially of the tendency to denial for its own sake, rather

than as a living person. This character Mephistopheles
maintains in the second part, where, indeed, the name oftea

stands for a pure abstraction.

See Julius Jlosen, Faust ; DUntzer, Erlaulmmgen zu Ooethe't
JVcrkai: Fanst ; Vischer, Goethe's Faust.

MEQUINEZ (the Spanish form of the Arabic Mihidsa},

a town of Morocco, the ordinary residence of the emperor,

is situated in a fine hilly country about 70 miles from the

west coast and 35 west-south-west of Fez on the road to

Bailee, in 34° N. lat. and 5° 35' W. long. The to\vn-wall,

with its four-cornered towers,' is kept in good condition

;

and a lower wall of wider circuit protects the luxuriant

gardens with which the outskirts are embellished. In the

general regularity of its streets, and in the fairly substantial

character of its houses, Mequinez ranks higher than any

other town in Morocco ; but it possesses few buildings of

any note, except the palace, and the mosque of Mulei Ismael,

which serves as the royal burying-place. At one time the

palace (founded in 1634) was an imposing structure, but

the finest part has been allowed to go to ruin. • In 1721

Windhus described it as " about 4 miles in circumference,

the whole building exceeding massy, and the walls in every

part very thick ; the outward one about a mile long and 25

feet thick." The best part consisted of oblongs enclosing

large open courts or gardens. ^lortar or concrete was the

principal material used for the walls, but the pillars were

in many cases marble blocks of great beauty and costliness

(A Journey to Mequinez, London, 1725). Most of the

inhabitants of Mequinez are connected more or less directly

with the court. Their number has been very variously

estimated by different travellers. Griberg de Hemso gives

56,000 in 1834, Rohlfs in 1861 from 40,000 to 50,000,

and Conring in 1880 about 30,000. The town was

formerly called TAkarart. Edrisi refers the present name

to a Berber chief Jleknds.

MERAX, a favonrite health resort, and the capital of a

district in South Tyrol, Austria, is picturesquely situated

at the foot of the vine-clad Kiichelberg, on the right bank

of the Passer, about half a mile above its junction with the

Adige, and 45 miles to the south of Innsbruck. Meran

proper consists mainly of one long narrow street, called

the Laubengasse, flanked by covered arcades. In a wider

sense, the name is often us«d to include the adjacent

villages of Untermais, Obermais, and Gratsch". The most

noteworthy buildings are the Gothic church of St Nicholas,

with its lofty tower, dating from, the 14th and 15th

centuries; the Spitalkirche, built in the 15th century, and

restored in 1880; and the quaint old Fiirstenhaus, or

residence of the counts of Tyrol. The town contains a

gymnasium, a nunnery and school for girls, an institution

for sick priests, and several other charitable establishments.
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Meran owes its nigh reputation as a resort for consumptive

and nervous invalids to the purity of its air and its com-
parative immunity from wind and rain in winter. It stands

in 46° 41' N. lat., at« height of 1050 feet above the sea,

and has a mean annual temperature of about 54° Fahr.

Meran enjoys three seasons, being also visited in spring

for the whey-cui-e and in autumn for the grape-cure. The
arrangements for the comfort of the visitors are very com-

plete ; and the environs afford opportunity for numerous
pleasant walks and excursions. The favourite promenade of

the inhabitants is on a massive dyke, built to protect the

town against the encroachments of the Passer. Nearly

twenty old castles and chateaus are visible from the bridge

over the Passer, the most interesting being Schloss Tyrol,

an ancient edifice which has given its name to the entire

country. Meran is now frequented by about 6500 patients

and 8000 to 9000 passing travellers annually. In 1880 its

population, including Obermais and Untermais, amounted

to 6334 souls.

Meran is probably the representative of the Roman TJrbsMajensis,

afterwards known as Jlairania. It became a town in 1290, and
down to 1490 was the capital of the counts and dukes of Tyrol.

The town suffered somewhat during the Peasants' War in the 16th

century, and subsequently from destructive. Hoods. As a health-

resort it has been known for about forty years. The whole region

in which it lies is singularly rich in historic interest

Authorities.—Beda Weber, Meran; DUringsfeld, Aus Iferan, 1868; Nofe', Der
FrlUtlinq von Ueran \ Starapfer, Chronik xon ilei-av, 1867, atid Onchichte der
Sladt Meran, 1872 ; Pliclier, i/eran aU Klimatisther Kiirorl, 1870 ; Plant, FMrer
durch Utran, id ed., 1879 ; Knobtanch, Meran, atU ed., 1881.

MERCATOE, Geeaedus (Latinized form of Gerhiu-d

Kramer) (1512-1594), mathematician and geographer, was
bom at Rupelmonde in Flanders, May 5, 1512. Hav-
ing completed his studies at Louvain, he devoted him-

self to geography, and, after being for some time attached

to the household of Charles V., he was appointed cosmo-

grapher to the duke of Juliers and Cleves in 1659, taking

up his residence at Duisburg, where he died December 2,

1594. One of his earliest cartographical works was a
terrestrial globe (1541), followed in 1551 by a celestial

globe. In "1552 he published a treatise De usu annuli

astronomici (Louvain), and at Cologne in 1569 his Chrono-

logia, hoc est temporum demonstralto . . . ab initio mundi
usque ad Annum Domini 1568, ejr eclipsibus et observa-

tionibus astronomids, sacris quoque Bibliis, &c. In the same
year wag published the first map on Mercator's well-known
projectioi, with the parallels and meridians at right angles,

for use in navigation. At Cologne, in 1578, appeared his

Tohulee geographic^ ad mentem Ptolemsei restitute et emend-

atse. The work by which he is chiefly known is his atlas,

published in 1594 at Duisburg, in folio, under the title of

Atlas, sive Cosmographicx meditationes de fabrica mundi.
It contains, besides the maps, cosmographical and other

dissertations, some of the theological views in which were
condemned as heretical ; it was completed by Hondius in

1607. Several of the maps had been previously published

separately, the atlas being delayed to allow Ortelius to

complete his. Mercator also published in 1592 a Uar-
monia Evangeliorum.

MERCURIAL AIR-PUMP. This name is given to

two distinct instruments, one of which is founded on
statical, the other on hydrodynamical principles.

1. The Statical Pump.—The famous spiritualist Sweden-
borg was the first to conceive an air-pump in which a mass
of mercury, by being made to rise and fall alternately

within a vertical vessel, should do the work which in the

ordinary instrument is assigned ' to the piston. He pub-
lisheS a description of his pump in 1722 ; but it is

questionable whether his design was ever realized.- Of
numerous subsequent inventions the only one which, in

fact, has survived is the admirably simple and yet efficient

instrument first described in 1858. but constructed some

FlQ. 1.—Geisler's

Mercurial Air-Pump.

time before, by H. Geisler of Bonn, which at once, and
justly, met with universal acceptance.

The general scheme of Geisler's pump is shown in fig. 1,

A and B are pear-shaped glass vessels connected \y a long
narrow india-rubber tube, which must
bo sufiiciently strong in the body (or

strengthened by a linen coating) to

stand an outward pressure of 1 to 1.^

atmospheres. A terminates below in a

narrow vertical tube c, which is a fev

inches longer than the height of the ^

barometer, and to the lower end of this

tube the india-rubber tube is attached

which connects A mth B. To the

upper end of A is soldered a glass two-

way stop-cock, by turning which the

vessel A can either be made to com-
municate through s and a hole in the

hollow cock with the vessel to be ex-

hausted (I., fig. 2), or through g with

the atmosphere (II., fig. 2), or can be

shut off from both when the cock holds

an intermediate position. The apparatus,

after having been carefully cleaned and
dried, is charged vrith pure and dry mer-

cury, which must next be worked back-

wards and forwards between A and B to

remove all the air-bells. The air is then driven out of A by

lifting B to a sufScient level, turning the cock into position

II., and letting the mercury flow into A until it gets to

the other side of the stop-cock, which is then placed in

the intermediate posi-

tion. Supposing the

vessel to be exhausted

to have already been
securely connected with

h, we now lower the

reservoir B so as to re-

duce the pressure in A
sufficiently below the

tension in the gas to

be sucked in, and, by
turning the cock into

position I., cause the gas

to expand into and al-

most fill A. The cock

is now shut against both

a and 6, the reservoir

lifted, the gas contents

of A discharged through

a, and so on, until, when
after an exhaustion mer-

cury is let into A, the

Fia. 2.- -Arrangements of Stop-Cock

in Air-Pump.

metal strikes against the top without interposition of a

gas-bell. In a we'1-made apparatus the pressure in the

exhausted vessel i s now reduced to -j^g- or ^ of a milli-

metre, or even less. An absolute vacuum cannot be pro-

duced on account of the unavoidable air-film between the

mercury and the walls of the apparatus.

The great advant ige of the mercurial over the ordinary aii-pump

is that it evacuates far more completely than the latter, that it

affords direct and unmistakable evidence of the exhanstiveness of

its work, and—last not least—that it enables one to transfer the gas

sucked out to another vessel witliout loss or contamination, so that

it can be measured and analysed. On account of this latter feature

more especially, the instrument is highly valued as an auxiliary in

gasometric researches. Without it the researches on which rests

our present knowledge of the gnses of the blood could not have been

carried out. The actual instrument, as constructed for various

kinds of work, has of course various complexities of detail omitted

in the above description. For these the reader must refer to hand-

books of practical physiology.
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As it tf.kes a height of about 30 inches of mercury to balauce

the pressure of the atmosphere, a Geisler pump necessarily is a
somewhat long-legged ami unwieldy instrument. It can be con-

siderably shortened, the two vessels A and B brought more closely

together, and the somewhat objectionable india-rubber tube be dis-

pensed with, if we connect the air-space in B with an ordinary air-

pump, and by means of it do the greater part of the sucking and
the whole of the lifting work. An instrument thus modified was
constructed by PoggendorfT (see his Annalen, vol. cxxv. p. 151,

1865), and another, on somewhat different principles, by Prof.

Dittmar (see the " Cliallcngcr" Reports).

Even a Geisler's stop-cock requires to be lubricated to be abso-

lutely gas-tight, and this occasionally proTes a nuisance. Hence a

number of attempts have been made to do without stop-cocks alto-

gether. In Tbpler"s pump' this is attained by using both for the

inlet and the outlet vertical capillary glass tubes, soldered, the
former to somewhere near the bottom, the latter to the top of the
vessel. These tubes, being more than 30 inches high, obviously

act as efficient mercury-traps ; but the already considerable height
of the pump is thus multiplied by two." This consideration has led

Alexander Mitscherlich (Fogy. Ann., cl. 420, 1873), and quite

lately F. Ifeisen (Z. f. Instnimente^Jcunde, 1882, p. 285) to intro-

duce glass valves in lieu of stopcock/j. As glass floats on mercury,
such valves do not necessarily detract from the exhaustive power
of the pump.

2. The Dynamic Pump.—TUs was invented in 1865 by
H- Sprengel. The instrument, in its original (simplest)

form (fig. 3), consists of a vertical

capillary glass tube a of about

1 mm. bore, provided with a
lateral branch b near its upper

end, which latter, by an india-

rubber joint governable by a screw-

clamp, communicates with a funnel.

The lower end is bent into the

shape of a hook, and dips into a

pneumatic trough. The vessel to

be exhausted is attached to b, and,

in order to extract its gas contents,

a properly regulated stream of mer-

cury is allowed to fall through the

vertical tube. Every drop of mer-

cury, as it enters from the funnel,

*ntirely closes the narrow tube like

a piston, and in going past the

place where the side tube enters

entraps a portion of air and carries

it down to the trough, where it can

be collected. If the vertical tube,

measuring from the point where

the branch comes in, is a few inches

greater than the height of the

barometer, and the glass and mer-

cury are perfectly clean, the apparatus slowly but surely

produces an almost absolute vacuum.

The great advantages of Sprengel's pump lie in the simplicity of

its construction and in the readiness with which it adapts itself to

the collecting of the gas. It 'did excellent service in the hands of

Graham for the extiaction of gases occluded in metals, and since

then has become very popular in gas-laboratories, especially in

Britain. Many improvements upon the original construction have

been proposed. One of these which deserves mention is to pass the

mercury, before it enters the "falling" tube, through a bulb in

which a good vacuum is maintained, by means of an ordinary air-

pump or a second "SprengeL" (W. D.)

MERCURY was the Roman god who presided over

barter, trade, and all commercial dealings. His nature is

probably more inteUigible and simple than that of any

other Roman deity. His very name, which is connected

with Tnerx, mercator, &c., shows that he is the god of

merchandise and the patron of merchants. In the native

Italian states no merchants and no trade existed till the

influence of the Greek colonies on the coast introduced

Greek customs into the cities of the land. All the usages

' See Dingier s Polylechn. Journal, 1862 ; an Improved form by

Beasel-Hagen '« described in Wiedemann's Annalen, xii. 425, 1881.

Fio. 3.—Sprengel's

Air-Pump.

and terminology of trade, and all the religious ceremonies

connected with it, were borrowed by the Romans from the

Greeks. It was no doubt under the rule of the Tarquins,

when the prosperity of the state and its intercourse with
the outer world were so much increased" that merchants
began to ply their trade in Rome. Doubtless the

merchants practised their religious ceremonies from the

first, but their god Mercurius was not officially recognized

by the state till the year 495 B.C. Rome frequently suffered

from scarcity of corn during the unsettled times that

foDowed the expulsion of the Tarquins. Various religious

innovations were made to propitiate the gods; in 496 the

Greek worship of Demeter, Dionysus, and Persephone
was established in the city (see Libek), and in 495 the

Greek god Hermes {q.v.) was introduced into Rome under

! the Italian name of Mercurius (Livy, ii. 21, 27). Preller

thinks that at the same time the trade in corn was regu-

lated by law, and a regular college of merchants was
instituted This coUegivm was under the protection of the

gods their anuuaf festival was on the Ides of May, on

i which day the temple of the god had been dedicated at

the southern end of the circus maximus, near the Aventine

;

and the members were called merounahs as well as

mercatores. The Ides of May was chosen as the feast of

Mercury, obviously because JIaia was the mother of

Hermes, i.e., of Mercury (see Maia) ; and she was wor-

shipped along with her son by the mercuiiahs on this

day. According to Preller, this religious foundation had

a political object ; it established on a legitimate and sure

basis the trade between Rome and the Greek colonies of

the coast, whereas formerly this trade had been exposed to

the capricious interference of the Government officials for

the year. Like all borrowed religions in Rome, it must

have retained the rites and the terminology of its Greek

original (Festus, p. 257). Mercury became the god, not

only of the mercatores and of the corn trade, but of buying

and selling in general ; and it appears that, at least in the

streets where shops were common. Little chapels and images

of the god were erected. There was a spring dedicated to

Mercury between his temple and the Porta Capena ; every

shopman drew water from this spring on the Ides of May,

and sprinkled it wth a laiirel t\vig over his head and over

his goods, at the same time entreating Mercury to remove

from his head and his goods the guilt of all his deceits

(Ovid, Fasti, v. 673 sq.). The art of the Roman tradesman

was evidently like that of an Oriental tradesman in modern

times, and the word mercurialis was popularly used as

equivalent to " cheat." In the Latin poets Mercury is often

gifted ^vith some of the manifold characters of the Greek

Hermes, but this finer conception seems to have had no

real existence in Roman religion.

Roman statuettes of bronze, in which Mcrcnry is represented, like

the Greek Hermes, standing holding the caduceus in the one band

and a purse in the other, are exceedingly common. The caduceus

must have been introduced as a symbol of Jlcrcnry at a very early

time, for it is found on Italian coins as early ag the 4th century

before Christ, and we learn that several were kejit as sacred objects

in the adytum oi the sanctuary at Lavinium (Dion. Hal., i. 67).

But its foreign oiigin is shown by the fact that, although it was a

sign of peace, it was never borne by the fetiaUs, the old Italian

heralds. The very name is derived from the Greek KrtpvKdov.

Preller's view (Riim. Myth.) that mercuriales and mercatores aro

the same guild is a tempting one, but its truth is very doubtful.'

Mommsen thinks that mereariaUs were a purely local guild, viz.,'

the pagani of the Circus valley.

MERCURY, in chemistry, is a metal (symbol Hg) which

is easily distinguished from all others by its being liquid

at even the lowest temperatures naturally occurring in

moderate climates. To this exceptional property it owes

the synonyms of quicksilver in English (with the Germans

quecksilber is the only recognized name) and of hydrar-

gyrum (from vSuo, water,and apTvpos, silver) in Grace-Latin.
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This metal does not appear to have been known to the

ancient Jews, nor is it mentioned by the earlier Greek

writers. Theophrastus (about 300 b.c.) mentions it as a

derivative of cinnabar. With the alchemists it was a

substance of great consequence. Being ignorant of its

susceptibility of freezing into a compact solid, they did not

recognize it as a true metal, and yet, on the authority of

Geber, they held that mercury (meaning the predominating

element in this metal) enters into the composition of all

metals, and is the very cause of their metallicity. When,

about the beginning of the 16th century, chemistry and

scientific medicine came to merge into one, this same

mysterious element of " mercury " played a great part in

the theories of pathology ; and the metal, in the free as in

certain combined states, came to be looked upon as a

powerful medicinal agent, which position, on purely em-

pirical grounds, it continues to hold to the present day.

Mercury occurs in nature chiefly in the form of a r«d

sulphide, HgS, called cinnabar, which, as a rule, is accom-

panied by more or less of the reguline metal,—the latter

being probably derived from the former by some secondary

reaction. The most important mercury mine* in Europe

are those of Almaden in Spain and of Idria in Dlyria
;

these until lately furnished the bulk of the mercury of

commerce, but they are now almost eclipsed by the rich

deposits of New Almaden in California. Considerable

quantities of mercury are said to be produced in China and
in Japan ; minor deposits are being worked in the Bavarian

Palatinate, in Hungary, Transylvania, Bohemia, and Peru.

At Almaden the ore forms mighty veins traversing micaceous

schists of the older transition period ; in Illyria it is dis-

seminated in beds of bituminous 8chist% or compact lime-

stone of more recent date.

Chemically speaking, the extraction of mercury from its

ores is a simple matter. Metallic mercury is easily vola-

tilized, and separated from the gangue, at temperatures far

below redness, and cinnabar at a red heat is readily reduced

to the metallic state by the action of iron or lime or

atmospheric oxygen, the sulphur being eliminated, in the

first case as sulphide of iron, in the second as sulphide

and sulphate of calcium, in the third as sulphurous acid

gas. To the chemical mind a close iron retort would
suggest itself as the proper kind of apparatus for carrying

out these operations, but this idea is acted upon only in

a few small establishments,—for instance, in that of Zwei-

briicken in the Palatinate, where lime is used as a decom-
posing agent. In all the large works the decomposition

of the cinnabar is effected by the direct exposure of the

ore to the oxidizing flame of a furnace, and the mercury
vapour, which of course gets diffused through an immense
mass of combustion gases, is sought to be recovered in

more or less imperfect condensers.'

At Alinaden this roasting distillation is etfected in prismatic
furnaces, which, by a second upper (brick) grating are divided into
two flats, the lower one serving for the generation of a wood fire,

while the upper accommodates the ore, which is introduced through
an opening in the dome-shaped roof. To avoid an excessive dilu-
tion of the mercury vapour with combustion gases, part of these ara
led out laterally into a chimney and the rest allowed to strike up
through the heap of ore. The large mass of metalliferous vapour
produced passes out through a system of pipes inserted laterally into
the dome and bo arranged that they follow first a descending and
tlien an ascending plane, to lead ultimately into a condensation
chamber which communicates in its turn with a chimney. The
pip's are formed each of a large number of elongated pear-shaped
earthenware adapters (called aludels), which are telescoped into
one another as in the case of the iodine-distiUation apparatus, the
joints being luted with clay. The lowest row of aludels, which
lie in the line of intersection of the two inclined planes, are pierced
with holes below, so that what arrives as liquid mercury there
runs out into a gutter leading to a reservoir. What of mercury
vapour remains uncondensed in the aludels passes into the chamber,
the intention being to have it condensed there ; in reality a large

proportion of the mercury passes out through the chimney (and

through the numerous leaks in the &'adels} into the atmosphere
to poison the surrounding vegetation and the workmen. Similar
furnaces to the Almaden ones are used iu Idria and at New
Almaden ; only the condensation apparatus are a little less im-
perfect. But in all three places the loss of metal is very consider-
able , at New Almaden it is said to amount to close upon 40 per cent.
The mercury obtained is purified mechanically by straining it

through dense linen bags, and then sent out into commerce in leather
bags, or in wroughtiron bottles nrovided with screw plugs, eacl^
holding about 75 It) avoirdupois.

According to Balling's Metallurgische Ckemie (Bonn,

1882), the production of mercury in the years named waai
as follows :

—

Austria, exclusive of Hungary (1880) 869 tons.
Hungary (1879) 180 „
Italy (1877) 55 „
Spain (1873) 929 „
United States (1876) 2054 ,,

Assuming the amoimt to be the same from year to year,

this gives a total of 3587 tons

The price of the metal is subject to immense nuctuations
;

it generally ranges from 2s. to 7s. 6d. a poimd avoirdupois.

Commercial mercury, as a rule, is very pure chemically,

so that it needs only to be forced through chamois leather

to become fit for all ordinary applications ; but the metal,

having the power of dissolving most ordinary other metals,

is very liable to get contaminated with these in the labora-

tory or workshop, and requires then to be purified. For
this purpose a great many chemical methods have been
proposed, which, however, all come to this, that the

base admixtures are sought to be removed by treatment

with nitric acid, oil of vitriol, or other agents which act

preferably on the impurities. The best of these methods
is that of Briihl, who shako.'? the metal with a solution of

5 grammes of bichromate of potash and a few cubic centi-

metres of sulphuric acid in one litre of water, until the red

chromate of mercury, first produced, has disappeared, and
its place been taken by green chromic svilphates. The
supernatant liquor and chromic scum are washed away by
a powerful jet of water, and the clean metal is dried and
filtered through a perforated paper fUter. The only really

exhaustive method is redistillation out of a glass apparatus.

Unfortunately the operation is difllicult of execution, as

mercury " bumps " badly on boiling ; but this can be
avoided by distilling the metal in a perfect vacuum. An
ingenious apparatus for this purpose, in which the distilled

metal itself is made to keep up the vacuum, was con-

structed lately by Leonhard Weber. A U-tube, the limbs

of which are longer than the height of the barometer, is

filled with pure mercury, and inverted, the one limb

being made to dip into a vessel with pure, the other

into another containing the impure, mercury. This second

limb is inflated above so that the meniscus is about the

middle of the bulb. This bulb is heated, and the conse-

quence is that the metal there distils over into the first

limb to add to the supply of pure metal, the impure
rising up in the second by itself to maintain a constant

level. Dewar has modified the apparatus so that there

is no need of a supply of pure metal to start with.

Absolutely pure mercury does not at all adhere to any
surface which does not consist of a metal soluble in mercury.

Hence the least quantity of it, when placed on a sheet of

paper, forms a neatly rounded-off globule, which retains its

form on being rolled about, and, when subdivided, breaks

up into a number of equally perfect globules. The presence

in it of the minutest trace of lead or tin causes it to " draw
tails." A very impure metal may adhere even to glass,

and in a glass vessel, instead of the normal convex, form
an irregular flat meniscus.

Properties.—The pure metal is silver-white, and retains

its strong lustre even on long exposure to ordinary air.

At - 38°-8 C, i.e.. - 37°-9 F. (Balfour Stewart), it freezes,
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with considerable contraction, Into a compact mass of

rt'^wlar octaliedra, whicli can be cut with a knife and be

duttened under the hammer. The specific gravity of the

frozec metal is 14'39 ; that of the liquid metal at 0° C. is

13'595 (water of 4° C. = 1). Under 7G0 mm. pressure

it boils at 357°-3 C. (675"-l Fahr.) (Regnault). At very

low temperatures it seems to be absolutely devoid of

volatility (Faraday); but from - 13° C. upwards (Regnault)

it exjiibits an appreciable vapour tension.

The following table gives the tensions "p," in millimetres

of mercury of 0° C, for a series of centigrade temperatures

"/ " according to Regnault :

—

<- 0° 10' 20° EC 100° 150° 200°

;o--02 03 -04 '11 75 4 27 19 90

/- 250° 300° 350' 400° 450* 500°

p-76-75 242-1 663-2 1588 3384 6520

According to the same authority, its average coeflBcient

of expansion k per degree C. is as follows ;
—

0- 100° C. 0-200° C. -300° C.

i- -0001815 -0001841 -0001866

or 1/5510 1/5432 1/5359

Its specific heat in the uquid state is -03332 ; that of

the frozen metal (between - 78° and -40° C.) is '0319

(Regnault). Its electric conductivity is ^ of that of pure

j-ilver (Matthiesen). Its conductive power for heat- is

greater than that of water, and is proved (by Herwig) to

le perfectly constant from 40° to 160° C. Its vapour

censity (air of the same temperature and pressure = 1) is

6-976 (Dumas), or 10093 for hydrogen = 1. Hence its

molecular weight (H„ = 2) is 201-86. The atomic weight,

by chemical methods, wtis found = 200-0 (Erdmann and

Marchand) ; hence mercury-vapour molecules consist of

single atoms. Mercury does not appreciably absorb any

chemically inert gas.

Mercury is in constant requisition in the laboratory. It

is used for the collecting and measuring of gases, in the

construction of thermometers, barometers, and manometers,

for the determination of the capacity of vessels, and many
other purposes. In medicine it serves for the preparation

•f mercurial ointment and of "hydrargjTum cum creta"

(the chief component of " blue pills ") ; Isoth are obtained

by diligently triturating the metal with certain proportions

of grease and chalk respectively until it is " deadened," i.e.,

subdivided into invisibly small globules (see below).

Alloys.—Mercury readily unites directly with all metals

{except iron and platinum) into what are called amalgams.

In some cases the union takes place with considerable

evolution of heat and large modification of the mean pro-

perties of the components. Thus, for instance, sodium
when rubbed up -with mercury unites wth it -vvith deflagra-

tion and formation of an alloy which, if it contains more
than 2 per cent, of sodium, is hard and brittle, although

sodium is as soft as wax and mercury a liquid. Liquid

amalgams of gold and silver are employed for gilding and
silvering objects of copper, bronze, or other base metal.

The amalgam is spread out on the surface of the object

by means of a brush, and the mercury than driven off

by the application of heat, when a poli.shable, firmly

adhering film of the noble metal remains. Copper
amalgam containing from 25 to 33 per cent, of the solid

metal, when worked in a mortar at 100° C, becomes highly

plastic, but on standing in the cold for ten or twelve hours

becomes hard and crystalline. Hence it is used for the

stuffing of teeth. A certain amalgam of cadmium is

similarly employed.

Oxides.—There are two oxides of mercury, namclj-, an oxide,

HgjO, called mercurous, aud another, HgO, called mercuric oxide.

The latter can be produced directly by keeping the mct.->l for a long

lime in air at a temperature somewhat below its boiling point,

when the o.tide is gradually formed as a red powdery solid. This

^solid has long been knowa as "red precipitate," or as inercuriiia

lU-3

prascipitntus per se. Priestley made the important discovery that

the "precipitate" when heated to dull redness is reduced to metal,

with evolution of what has since been known as oxygen gas ; but it

was reserved for Lavoisier to correctly interpret this experiment,

and thus to establisli our preseut views on the constitution of

atmospheric air. The oxide is easily prepared by heating any
nitrate of the metal as long as nitrous fumes are seen to go otf

(when it remains as a scaly mass, black when hot, red after cooling),

or else by precipitating the solution of a mercuric salt with excess

of caustic potash or soda, when it comes down as an amorphous
yellow precipitate, which is free of combined water. Mercurous
oxide, a black solid, can be obtained only indirectly, by the decom-
position of mercurous salts with fixed caustic alkalies. Both oxides

are insoluble in water, but dissolve in certain, and combine with
all, aqueous acids with formation of mercury salts and elimination

of water. Thus, for instance,

Hg,0-)-2HN03-HjO + Hg,(NO,),, .

Uci-ctuous nitrate

HgO + 2HN03-H50 + Hg(NO,)j. .

Mercuric nitrate.

The Nitrates.—When metallic mercury is set aside with its own
weight of nitric acid of 1-2 specific gravity, at ordinary tempera-
tures, the normal^nercurous salt Hg.j(N'03).2 is gradually produced,

and after a day or two is found to have separated out in colourless

crystals. These are soluble (somewhat sparingly) in water acidu-

lated with nitric acid, but are decomposed by the action of pure

water, with formation of difficultly soluble basic salts. When
this salt (or the metal itself) is treated with excess of nitric acid it

is oxidized into mercuric nitrate Hg(N03)j, awbite crystalline salt,

readily soluble in water without decomposition.

The Sulphites.—Cold aqueous sulphuric acid does not act upon
mercury, but the hot concentrated acid converts it first into

mercurous and then into moicuiic sulphate,, with evolution of

sulphurous acid.

Hgj -(- 2HjS0,- 2H2O -H SO, -H HgjSO,

,

HgjSO< + 2HjS04 - 2H jO + SO, + 2HgS04

.

Both salts form white crystalline magmas. The mercurous salt

is difficultly soluble in water, and consequently producible by

precipitation of the nitrate with sulphuric acid. The mercuric salt,

when treated with water, is decomposed with formation of a yellow

insoluble basic salt, which has lone been known as turpethum mine-

rale. Its composition is SO3. srfgO when produced by excess of

hot water. Mercuric sulphate is of importance chiefly as forming

the basis for the manufacture of the two chlorides.

The Chlorides. —These are both extensively used medicinal agents.

The mercuric salt, HgClg, known in medicine as corrosive sub-

limate, is prepared by mixing the sulphate intimately with common
salt, and subjecting the mixture to sublimation, a little binoxide

of manganese being added to oxidize the mercurous salt, which is

generally present as an imjmrity. The process is conducted in a

glass flask buried in a hot sand-bath. AVhen the decomposition is

accomplished, the sand is removed from the upper half of the flask

and the temperature raised so that the chloride HgClj produced

sublimes up and condenses in the upper part as a "sublimate."

The salt, as thus produced, forms compactcrystallino crusts, whioh,

when heated, melt into a limpid liquid befoie volatilizing. It is

soluble in water, 100 parts of which at 10°, 20°, 100° dissolve 6-67,

7-39, 54 parts of salt. Corrosive sublimato dissolves in 3 parts of

alcohol and in 4 parts of ether This salt, on account of iU

solubility in water, is a deadly poison. Mercurous chloride, HgjCLj,

better known as "calomel" (from KaAcis, fair, and ^eAos, black,

because it becomes dead-black when treated with ammonia, mer-

curic chloride yielding a white product), is prepared by mixing

corrosive sublimate with the pioper proportion of metallic mercury

(HoClj-. Hg) or mercuric sulphate with salt and mercury in the

pro''portions of HgSO^ : Hg : 2NaCl, and subjecting the mixture to

sublimation in glass flasks. The salt Hg.jClj is thus obtained m
the form of white, opaque, crystalline crusts, which, when heated,

volatilize, without previously melting, into a mixture of HgCl,

and Hg vapour, which, on cooling, recombine into calomel. For

mediciiftl purposes the sublimato is reduced to an impalpable

powder, washed with water to r.move any corrosive sublimate that

may be present, and dried. Being insoluble in water, it acts far

less violently on the organism than mercuric chloride does. Its

action, no doubt, is due to its very gradual couvoi^ion "n *»«

stomach into mercury and corrosive rublimate. Finely divided

calomel can be produced, without trouble, by the precipitation of a

solution of mercurous nitrate with liydrochloiic acid or common

salt ; but this preparation is liable to be contaminated with

mercurous nitrate, and, even when pure, has been found to act far

more violently than ordinary calomel does. Hence its use is not

tolerated by the pharmacopoeias. According to Wohler a mercurous

chloride, more ncariy cijuivalciit to the sublimed article, is produc-.

iblo by Iieatiug corrosive sublimate solution with sulphurous acid^.

2HgClj-FH,S0j-HlI.,0-Il,S0,-(- 21101 -t-IIg.CI,.
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The writer is unatle to say whether Wohler's calomel has ever

founJ it3 way anywhere'into meJicinal practice.
'

TUe loiliUcs.—The mercuric salt HgL, is produced in two ways,'

viz., first by mixing the two elementary components intimately

and suliji'Cling the mixture to suhlinintion, and secondly by pre-

cipitating corrosive sublimate solution with its exact equivalent of

iodide of potassium. In the first cose the salt is obtained in yellow

crystals, which, on the slightest touch with a solid body, assume
and then pcrrjianeiitly rct.iin a rich scarlet colour. The precipita-

tion process at once yields the scarlet suit The salt is insoluble

in water, but soluble in alcohol and in iodide of potassium solution.

The inercurous salt Hg.l^ is obtained by preciiutatiiiK mercuroi. •

nitrate with iodide of potassium as a dirty-greeu powder insoluble

in w.iter. Hutli iodides are used mediiinally.

Tim Sitlphkks.—Mcrcurous sulphide, HgjS, docs not seem to

exist. The mercuric salt, HgS, exists in two modifications, of
which one is amorphous and has a black colour, while the other is

crystalline and red. Tlie black one is obtained by precipitation of

solutions of mercuric salts with excess of 6nl|ihuretted hydrogen,
or by direct synthesis. The right proportions of mercury and
flowers of suljihur are rubbed togi-lher in a mortar until the whole
is converted into a jet-black uniform powder. This preparation
(the ectJiiojis mincrnUs of the pharmaceutist), however, is apt to be
contaminated with uncombined sulj'hur and mercury. Application
of a gentle heat causes exhausti"e combiuation. TJie red sulphide,

HgS, occurs rn nature as cin' abar, and can be produced artihcially

from the black. The artiticial preparation, knowu as vermilion, is

highly valued as the most brilliant, stable, and innocuous of. all

minenl red pigments. Vermilion can be jiroduced from the black
Bolpnide in two ways, viz., first by sublimation, and secondly by
treatment of it with fixed alkaline sulphide solution. According
to Biunner, 100 parts of mercury are mixed intimately with 38 parts
of flowers of sul|ihur, and the aethiops is digested, with constant
agitation, in a solution of 25 parts of potash in 150 parts of water at

45' C. (the wateriest by evaporation being constantly replaced), until
the preparation has come up to its maximum of fire and brilliancy,

which takes a good many hours. Purely sublimed vermilion has a
comparatively dull colour, and must be manipulated with alkaline
Bul|)hiile solution to give it tlie necessary fire. The action of the
alkaline sulphide consists probably in this, that it dissolves succes-
sive instalments of the amorphous preparation and redeposits them
in the crystalline form.

Mercuric Dcrivnlivcs of Ammonia.—{\) Recently precipitated
oxide HgO is digested, cold, in carbonic-acid-free ammonia, and
the mixture allowed to stand for a few days. The liquor is then
decanted olf, and the precipitate washed with alcohol and then
with ether, and dried over sulnhuric acid. The product is a
yellow solid base (" Millon's base ) of the composition

NjHj -I- 4HgO -H HjO = NjHgjO . 2H,0 + 2H„0

.

It is insoluble in alcohol and in ebher, and requires 13,000 parts
of cold water for its solution. It readily unites with all acids,
forming salts, which, as a rule, are insoluble in water. Hence all

ordinary salt solutions, when shaken with the base, are decomposed
with elimination of the base of the salt. Thus, for instance, even
such salts as alkaline nitrates, chlorides, or sulphates are decom-
posed with formation of solutions of caustic alkali.

(2) A body N2Hg,l2-(-2HjO, i.e , of thecompcsition of the iodide
corresponding to the oxide in (1), is produced as a brown precipitate
when animoniaoran ammonia salt is added to a solution of mercuric
iodide in iodide of potassium mixed with large excess of caustic
potash or soda (" Nessler's reagent"). In very dilute solutions of
finmonia Nessler's reagent produces only a brown or yellow color-
ation, which, however, is so intense that ^^'j^^^th of ammonia in
ibout 50 cubic centimetres of liquid becomes clearly visible.

(3) The chloride NHjHg.Cl of the " ammonium " NHjHg is

produced as an insoluble white precipitate wdien ammonia is added
to a solution of corrosive sublimate. This substance is known in
[neiicine as infusible white precipitate, in contradistinction to (4).

(4) The fusible white precipitate was at one time supposed to be
Identical with (3), and is obtained by boiling it with sal-ammoniac
lolntion.

_
Its composition is N HoHgCl + NH^Cl = NjHj . Hg . C\^

.

Anahjais.—Any ordinary solid mercury compound, when heated
In a sublimation tube with carbonate of soda, yields a sublimate of
metallic mercury, which, if necessary, needs only to be scraped
together with a wooden spill to unite into visible globules. From any
piercury-salt solution the metal is precipitated by diijestion with a
piece of blight copper-foil. The precipitated mercnry forms a coat-
ing on the copper, which becomes silvery on being rubbed with
t)lottinR paper.

_
When the quicksilvered copper is heated in a sub-

limation tube, it reassumes its red colour with formation of a sub-
limate of mercury.

Solutions of mercurous salts with hydrochloric acid give a white
precipitate of calomel, which, after filtration, is easily identified by
its becoming jet-black on treatment with ammonia. From mercuric
solutions hydrochloric acid precipitates nothing; but stannous
chloride, in its twofold capacity as a chloride and a reducing a<»ent,

yields a precipitate of calomel. On addition of an excess of rengcnt

the precipitate becomes grey through conversion into finely divided

quicksilver. Sulphuretted hydrogen, when added very gradually

to an acid mercuric solution, gives at first an almost white precipi-

t.ate, which, on addition of more and more reagent, assumes suc-

cessively a yellow, orange, and at last jet-black colour. The black

precipitate is HgS, which is identified by its great heaviness,

and by its being insoluble in boiling nitric and in boiling hydro-
chloric acid. A mixture of the two (aqua regia) dissolves it a»

chloride. (W. D.)

x'kerapeutics of Mercury.

The use of mercury as a therapeutic agent is of com-
paratively recent date. To the Greeks and Romans its

value was unknown, and the Arabian physicians only used

it for skin affections. It was not till the middle of the

16th century that the special properties of mercury were

fully appreciated, but since that time the metal has con-

tinued to hold a high though fluctuating value as a

medicine. At first the metal in a finely divided state or

in vapour was used ; but very soon its various compounds
were found to be endowed with powers even greater than

those of the metal itself, and with the discovery of new
compounds the number of mercurial medicines has largely

increased.

The preparations now in use may be thus classified. (1)

Of the preparations containing metallic mercury the chief

members 'are blue pill (plluK hydrargyri), grey powder

(hydrargjTum cum creta), and blue ointment (unguentum
hydrargyri). The first consists of mercury, liquorice root,

and confection of roses, the secof.d of mercury and chalk,

the third of mercury, suet, and lard. The power of the

three preparations seems to depend on the fine state of

subdivision of the mercury they contain ; mercury in its

ordinary liquid state seems devoid of medicinal properties.

It is thought by some that the fine Subdivision of the

metal leads to the formation of a little oxide, and that the

efficacy of the preparations in part depends on this. (2)

Three oxides of mercury are employed in medicine,—the

red, from which is made red precipitate ointment (unguen-

tum hydrargyri oxydi rubri), the yellow, an allotropic form

of the red, and the black oxide. The yellow and black

oxides suspended in lime water form respectively yellow

and black wash (lotio flava and lotio nigra). (3) The
chlorides of mercury form a very important group

:

calomel (hydrargyri subchloridum) is a white heavy

powder; corrosive sublimate (hydrargyri perchloridum) is

a heavy crystalline substance. (4) Two iodides are- used

medicinally ; they are known from their colour as the

green and red iodides. (5) Nitrate of mercury enters into

the composition of a powerful caustic known as the acid

nitrate of mercury. It is also the active principle of citrinj

ointment (unguentum hydrargyri nitratis). (6) In this class

only ammoniated mercury and its ointment commonly
known as white precipitate ointment, are contained. Of

the many compounds not included in the above classifica-

tion the oleate and albuminate are the most important.

Mercurial preparations are largely employed as estcrnal appli-

cations. Several of them are potent agents for the destruction of

the lower forms of animal life, and hence are employed to destroy

parasites having their habitat in skin, hair, and clothing. 'J'he

white and red precipitate ointments are specially effective in tht

destruction of pediculi, and blue ointment is occasionally used for

the same purpose. Corrosive sublimate is, however, the most

energetic of the mercurial parasiticides, and recent observations

seem to show that it is superior to almost all other substances as

a germ destroyer. It is sometimes used to get rid of ringworm.

It should be remembered that corrosive sublimate is a powerful

irritant to the skin, and also an active poison.

Acid nitrate of mercury is a caustic, and by it warts and small

growths are sometimes removed ; it is also one of the caustics occa-

sionally applied to prevent the spread of lupus. .^

In skin diseases mercurial preparations are largely used, especially

in some forms of eczema. A few grains of the red oxide or of

ammoniated mercury in an ounce of zinc ointment are often found

of great service in this ailment ; citrine ointment is also useful
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Cal'imel ointment is not initating, but ratlier tends to soothe. Jt

is tberefore sometimes applied to iriitablerasbfs ; in pniritus ani

it is of special value. Mercurial preparations are not usually found

of benefit in scaly eruptions. In apne a weak solution of corrosive

sublimate is often most effective.

Preparations of mercury are often used to beal ulcers, especially

those of syphilitic origin. Black wash is oue of the commonest
applications for this purpose. The red o.xide ointment is at times
employed to stimulate indolent ulcers, and it is capable of remov-
ing exuberant granulations (proud flesh), which sometime^ retard

the healing of wounds.
Mercury is largely used externally to promote the absorption of

inflammatory products, especially in the neighbourhood of joints.

The blue ointment is frequently employed for tliis purpose, more
rarely a plaster containing mercury or a mercurial liniment. For
effecting the absorption of goitre (Derbyshire neck) the ointment
of the red ioJiJe is often relied on, especially in India, where it is

customary to expose the patient's neck to tlie sun after rubbing it

with the ointnjent. In enlargements of tlie liver and spleeu the

application of mercurial ointment sometimes seems to promote re-

duction in size.

Taken internally in continued doses, mercury produces a peculiar

effect known as salivation. First a metallic taste is experienced

;

this is followed by soreness of the gums, an undue flow of saliva,

and fcetor of the breath. Farther administration of tli£ drug may
increase greatly the salivary flow, and also lead to swelling of the

tongue, ulceration of the mouth, and even disease of the jaw-bone.

At the same time the blood becomes impoverished, and feverisbnesa

with loss of flesh occurs. A single large dose—rarely too a single

small dose—may produce some of the above symptoms. They may
also follow the inhalation of the metal or its compounds, or their

absorption through the skin. The long-continued inhalation of

the vapour of mercury acts likewise on the nervous system, caus-

ing a peculiar kind of trembling. Jlercurial tremor is sometimes
seen in looking-glass makers, often in those who work in quick-

silver mines.

Internally mercury is chiefly given for two purposes—(1) to

check inflammation and cause the absorption of the products it

gives rise to, and (2) to antagonize the syphilitic vinis and remove

the evils it causes. Some yeat% ago the belief in the power of

mercury to control inflammation was almost universal, and it was

largely administered in almost all inflammatory affections, but of

late it has been much less used, both because it seems doubtful

whether it has really the power it was once supposed to have and
because of the possibility of evil results from its continued use.

In peritonitis and iritis it is still often employed, small doses of

calomel being given. Not unfrecjuently too it is administered in

pericarditis and hepatitis, but in pneumonia, pleurisy, and most
other inflammatory affections its use is now discarded by many
physicians. As an antidote to the syphilitic poison it is still held

in high esteem, though opinions vary much as to the extent of its

power. There can be little doubt that, given in an early stage of

the disorder, it minimizes the secondary symptoms ; but it cannot

be relied on to prevent their occurrence. It aids in removing the

secondary symptoms, and tends to the avoidance of tertiary

manifestations, which nevertheless sometimes occur even when
mercury has been freely givSn. The custom of giving mercury

till profuse salivation is established has long been abandoned

;

the aim now is so to give it as to prevent salivation occurring ; for

this purpose blue pill, calomel, and corrosive sublimate are given

in very small doses, but if the gums become tender the dose is

decreased or the administration stopped.

Mercurial treatment is sometimes carried out by rubbing the blue

ointment into the skin, sometimes by exposing the patient to the

fumes of calomel ; syphilitic eruptions are often treated by such

fumigation. More rarely mercury is introduced by injecting the

albuniin.'ite or some other preparation under the skin or by means of

suppositories. In children grey powder is genernlly used when mer-

curial treatment is required. Children bear mercury well.

Blue pill, calomel, and grey powder are often used as purgatives,

ind a power of promoting the secretion of bile is attributed to

them. Experimentally it has not been proved that they stimu-

late the liver functions, but there is good reason for believing that

they promote the expulsion of bile from the body. Grey powder is

especially valued as a mild and efficient aperient for children, and

13 often given in the earlj itage of diarrhcea to expel the irritating

contents of the bowel-
The use of calomel in tropical dysentery, once very prevalent, has

within the last few years been abandoned. (D. J. L.

)

MERGANSER, a word originating ivith Gesner (I/ist.

Animuliv.m, iii. p. 129) in 1555, and for a long while .u?ed

in English as the general name for a group of fish-eating

Ducks possessing great diving powers, and forming the

genus Merr/us of Linnsus, now regarded by ornithologists

as a Subfamily, Mert/inse. of the Family Amitidx. The

Jlergansers have a long, narrow bill, with a small but
evident hook at the tip, and the edges of both man-
dibles beset by numerous horny dentictdatious, whence in
EngUsh the name of " Saw-bill " is frequently applied to
them. Otherwise their structure does not much depart
from the Anatine or Fuliguhne type. All the species bear
a more or less developed crest or tuft on the head. Three
of them, Ma-yus magaiiser or castor, M. serrator, and M.
olbellus, are found over the northern parts of the Old
World, and of these the first two also inhabit North
Arnerica, which has besides a fourth species, M. cncutlatus,
said to have occasionally visited Britain. AI. meiynuser,
commonly known as the Goosander, is the largest species,
being nearly as big as the smaller Geese, and tlie adult
male in breeding-attire is a very beautiful bird, conspicuous
with his dark glossy-green head, rich salmon-coloured
breast, and the upper part of the body and wings black
and white. This full plumage is not assiuned till the
second year, and in the meantime, as well as in the jiost-

nuptial dress, the male much resembles the female, having,
like her, a reddish-brown head, the upper parts greyish-
brotTO, and the lower dull white. In this condition the bird
is often known as the " Dun Diver." This species breeds
abundantly in many parts of Scandinavia, Russia, Siberia,

and North America, and of late years has been found to do
so in Scotland, usually making its nest in the stump of a
hoUow tree or under a slab of rock. M. snraior, com-
monly called the Red-breasted Merganser, is a somewhat
smaller bird ; and, while the fully-dressed male wants the
delicate hue of the lower parts, he has a gorget of rufous
mottled with black, below which is a patch of white
feathers, broadly edged -nith black. The male at other
times and the female always much resemble the preceding.

It is more numerous than the Goosander, mth a somewhat
more southern range, and is not so particular in selecting

a sheltered site for its nest. Both these species have the

bill and feet of a bright reddish-orange, while 2f. alieUus,

known as the Smew, has these parts of a lead colour, and
the breeding plumage of the adult male is white, with quaint

crescentic markings of black, and the flanks most beauti-

fully vermiculated—the female and male in undress having

a general resemblance to the other two already described

—but the Smew is very much smaller in size, and, so far

as is kno'rni, it invariably makes its nest in a hollow tree,

as ascertained first by Wolley {Ilh, 1859, pp. 69 (t ser/.).

This last habit is shared by J/. cucvHatiis, the Hooded
Merganser of North America, in size intermediate between

J/, alhellus and JA saTutor, the male of which is easily

recognizable by his broad semicircular crest, hearing a fan-

shaped patch of white, and his elongated subscnpulars of

white edged with black. The conformation of the trachei

in the male of J/, metyunser, M. serraioi; and ,1/. ciicu/lntus

is very like that of the Ducks of the genus CUmQida, but

M. cilhethis has a less exaggerated development more

resembling that of the ordinary Fuliyula} From the

southern hcmibphere two species of Jfeiyns have been

described, J/, odosetacevs or Irast/inmm, Vieillot {X. Diet.

d'HUt. KaUtrelte, ed. 2, xiv. p. 222; Ccd. drs Oiseaur,

' Hybrids between, as is presumed, M. elbc!l"S ami Clausula

glaucion, the common Golden-eye, have lieen do« riled and figured'

(Einibeck, Isis, 1831, SCO, tab. iii. ; Brehm, yaturgrsch. alln VO;!.

Deulschlands, p. 930; Kaumann, Vliy. DrutscManth, xii. p. 194,

frontispiece; Kj;erbolling, Jour^/iir OmWioli'jie, 1853, Extmheft,

p. 29, Naumannia, 1853, p. 327, Ornithol. Snnica, tab. Iv., siippl.

tab. 29) nnderthe names odleryus nn'ilarivs, (.lapiji'ln nDr/tistiinslris,

and A nas (Clangula) mcrgoidcs, as thoiigli tliey were a distinct .^J1ecie5

;

but the remarks of M. de Selys-Longchnnips {Dvll. Ac. .Sc. r.n'xrltes,

1845, pt. ii. p. 354, and 1856, pt. ii. p. 21) leave little room for doubt

as to their origin, which, when the cryptogamic hnbit and common

range of their putative parents, the former unknown to the author last-

named, is cousidereJ. will seem to be still more likely.
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torn. ii. p. 209, pi. 283), inhabiting South 'America, of

which but few specimens have been obtained, having some

general resemblance to M. serrator, but much more darkly

coloured, and M. australis, Hombron and Jacquemont

(Ann. Sc. Nat. Zoologie, ser. 2, xvi. p. 320; Voy. au Pol

Sud, Oiseaux, pi. 31, fig. 2), as yet known only by the unique

example in the Paris Museum procured by the French

Antarctic expedition in the Auckland Islands. This last

species may perhaps be found to visit New Zealand, and

should certainly be looked for there.

Often associated with the Mergansers is the genus

Merganetta, the so-called Torrent-Ducks of South America,

of which three species are said to exist ; but they possess

spiny tails and have their wings armed with a spur.

Whether they should be referred to the Merginx or the

i?mTOa<unn<E—the Spiny-tailed Ducks proper—is a ques-

tion that further investigation must decide. (a. n.)

MERGUI, a district of British Burmah, between 9° 58'

and 1
3° 24' N. lat. It forms the southernmost district of the

Tenasserim division, and is bounded on the N. by Tavoy,

E. and S. by Siam, and W. by the Bay of Bengal, with

an area of 7810 square miles. Two principal ranges cross

Mergui from north to south, running almost parallel to

each other for a considerable distance, with the Tenasserim

river winding between them till it turns south and flows

through a narrow rocky gorge in the westernmost range

to the sea. Amongst these mountain ranges and their

subsidiary spurs are several fertile plains, densely clothed

with luxuriant vegetation. Indeed, the whole district, fcom

the water's edge to the loftiest mountain on the eastern

boundary, may be regarded as almost unbroken forest, only

73 square miles being under cultivation. The timber trees

found towards the interior, and on the higher elevations,

are of great size and beauty, the most valuable being teak,

then-gan (ffopea odorata), ka-gnyeng {Dipterocarpus tuber-

culatus), &c. The coast-line of the district, studded with

an archipelago of two hundred and seven islands, is much
broken, and for several miles inland ig very little raised

above sea-level, and is drained by numerous muddy tidal

creeks. Southwards of Mergui town it consists chiefly'of

low mangrove swamps alternating with small fertile rice

plains. After passing the mangroye limits, the ground to

the east gradually rises till it becomes mountainous, even

to the banks of the rivers, and finally culminates in the

grand natural barrier dividing British Burmah from Assam.

The four principal rivers are the Tenasserim, Le-gnya,

Pakchan, and Palouk, the first three being navigable for a

considerable distance of their course. Coal is found in the

district on the banks of the Tenasserim and its tributaries.

Gold, copper, iron, and manganese are also found in various

parts of the district.

From the notices of early travellers it appears that llergui, when
under Siamese rale, before it passed to the iJurmese, was a rich and
densely peopled country. On its oocupation by the British in

1824-25 it was found to be almost depopulated—the result of

border warfare and of the cruelties exercised by the Burmese con-

querors. At that time the entire inhabitants only numbered 10,000 ;

in 1876 they had increaseu to 51,816 (26,767 males and 25,079
females). Classified according to religion, there were—Buddhists,

48,750 ; Ifohammedans, 2533 ; Hindus, 353 ; Christians and others,

210. TUe district contains only one town (Mergui) with more than

5000 inhabitants. Only 73 square miles of the district area were

nnder cultivation in 1876, but this area is steadily though slowly

increasing. The principal manufactures are sugar-boiling and tin-

smelting. Mergui carries on a flourishing trade with Rangoon,

3assein, and the Straits Settlements. The chief exports consist

of rice, rattins, torches, dried fish, areca-nuts, sesamum seeds,

molasses, sea-slugs, edible binls' nests, and tin. The staple imports

are piece goods, tobacco, cotton, earthenware, tea, and sugar. The
imperial revenue in 1876 amounted to £18,208. The climate is

remarkably healthy, the heat due to its tropical situation being

raoderated by land and sea breezes. The rainfall in 1876 amounted
to 165i inches. The prevalent diseases are simple and remittent

fevers, bronchitis, rheumatism, and small-pox.

Meegui, chief town of the above district, is situated

on an island at the mouth of the Tenasserim river. The
population (10,731 in 1876-77) consists of many races—

<

TaJaings, Burmese, Malays, Bengalis, Madrasis, Siamese,'

and Chinese. Considerable trade is carried on with other

Burmese ports and the Straits Settlements. The harbour

admits vessels drawing 18 feet of vdtfr.

MliiRIDA, a city of 7390 inhabitants (1877), in the

province of Badajoz, Spain, lies about 36 miles by rail

eastward from Badajoz, on the JIadrid and Badajoz line,

on a small eminence on the right bank of the Guadiana.

It is connected by a branch line of rail with Llcrena on

the south-east. The population is mostly agricultural.

The city owes its interest entirely to its Roman remains,

which are numerous and extensive. Of these one of the

most important is the bridge of 81 arches of granite, erected

by Trajan ; it is 2575 feet long, 26 feet broad, and 33 feet

above the bed of the river ; it was unfortunately seriously

injured during the siege of Badajoz in 1812. Of the

colossal wall that formerly surrounded the town all that

remains is a fine fragnient, built of dressed stone, on the

spot formerly occupied by the castellum, and where the

provisor of the order of Santiago afterwards had his

residence (El Conventual). In the town are some relics of

temples of Diana, Mars, Fortuna, Jupiter, and others ; and
the Arco de Santiago, ii feet high, also dates from Trajan's

time; it has unfortunately beefn stripped of its marble

casing. Of the aqueduct from the laguna of Albuera

thirty-seven enormous piers are still standing, with ten

arches in three tiers buik of brick and granite. To the

east of the city is the circus, measuring some 1356 by 335
feet ; the eight rows of seats still remain. Further east-

ward is the almost perfect theatre, and near it are the

remains of the amphitheatre, or, as some prefer to call it,

naumachia (Bano de los Romanes).
Augusta Emerita was I lilt in 25 B.C. by the emeriti of the fifth

and tenth legions who had served in the Cantabrian war under
Augustus. It rose to great splendour and importance as the capita]

of Lusitania. During the Gothic period it became an episcopal see,

and several provincial councils known to history were held there.

It was taken by ilusa in 711, and reconquered by Alphonsoin 1228.

MERIDA, the capital of the Mexican state of Yucatan,

stands in a great plain in the nor'„h of the peninsula, on a

surface of limestone rock, about 25 miles from the port of

Progreso on the Gulf of Mexico, with which it is connected

by a railway opened in 1880. It is a well-built city, with

broad streets and squares ; and the flat-roofed stone houses,

after the style introduced by the Spaniards, give a iloorisb

colour to the general view. Besides the cathedral, an im-

posing edifice of the 16th century, the bishop's palace, and
the Government house (all of which are situated in the prin-

cipal squareV the most notable building is the Franciscan

monastery (1547-1600), which once harboured within its

high and turreted walls no fewer than two thousand friars,

but has been allowed to fall into complete decay sirjce

their expulsion in 1820. For a long time Merida has had
the reputation of being one of the principal seats of cultiu-e

in Mexico ; and it possesses, besides the ecclesiastical

seminary, schools of law, medicine, and pharmacy, a literary

institute, a public hbrary, a theatre, and a considerable

number of periodical publications. Commercially it has
shared in the prosperity which Yucatan in recent years owes
to the development of the Sisal hemp trade ; and its manu-
factures embrace cotton goods, cigars, sugar, and rum. The
population, estimated about 1840 as 25,000, was found
in 1871 to number 33,025. The Mayas still form numeri-
cally til 3 strongest element. Previous to the Spanish
conquest the site of Merida was occupied by the ilaya
town of Tehoo, which contained so great a number of

artificial stone-mounds that the new-comers had abundant
material for all their buildings. The foundation of th«
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city dates trora 1542, and it was made a bishopric in

1561. Compare Stephen's Yuteaan.

MEREDEN, a city of the United States, in New Haven
county, Connecticut, 18 miles from New Haven by rail

It' is a busy manufacturing town ; the population has

increased from 3559 in 1850 to 7426, 10,495, and 18,340

in 1860, 1870, and 1880. The Britannia Company alone

employs upwards of 1000 hands, and sends out every year

nearly $3,000,000 worth of Britannia metal and electro-

plated goods ; and tin-ware, cutlery, brass-work, flint glass,

guns, and woollen goods are also manufactured in the town.

The State reform school had 307 inmates in 1880. A
fortified tavern erected by Belcher in 1660 on the road

between Boston and New Haven was the nucleus of

Meriden ; but the place was not incorporated as a town till

1866, and became a city in 1867.

M£RLM6E, Prosper (1803-1870), novelist, archseo-

logist, essayist, and in aU these capacities one of the

greatest masters of French style during the century, was

born at Paris on September 28, 1803, and died at Cannes

on the 23d of the same month sixty-seven years later,

having lived just long enough to know that ruin was

threatening France. Not many details have been published

in reference to his family, but his father seems to have

been a man of position and competence. M^riniie had

English blood in his veins on the mother's side, and was

always considered; at least in France, to look and behave

more like an Englishman than a Frenchman. He was

educated for the bar, but entered the public service instead.

A young man at the time of the romantic movement, he

felt its influence strongly, though his peculiar tempera-

ment prevented him from.joining any of the coteries of the

period. This temperament was indeed exhibited by the

very form and nature of the works in which he showed

the influence of romanticism. Nothing was more prominent

among the romantics than the fancy, as M^rimde himself

puts it, for "local colour," the more unfamiliar the better.

M^rim^e exhibited this in an unusual way. In 1825 he

published what purported to be the dramatic works of a

Spanish lady, Clara Gazul, with a preface stating circumstan-

tially how the supposed translator, one Joseph L'Estrange,

had met the gifted poetess at Gibraltar. This was followed

by a still more audacious and still more successful

supercherie. In 1827 appeared a small book entitled La
Gmla (the anagram of Gazul), and giving itself out

as translated from the lUyrian of a certain Hyacinthe

Maglanovich. This book, which has greater formal merit

than Clara Gazul, is said to have taken in Sir John Bow-

ring, a competent Slav scholar, the Russian poet Poushkin,

and some German authorities, although riot only had it no

original,- but, as Mdrim^e declares, a few words of HljTian

and a book or two of travels and topography were the

author's only materials. In the next year appeared a short

dramatic romance. La Jacquerie, in which all !M^rimee's

characteristics are visible—his extraordinary faculty of

local and historical colour, his command of language, his

grim irony, and a certain predilection for tragic and terrible

subjects which was one of his numerous points of contact

with the men of the Renaissance. This in its turn was

followed by a stiU better piece, the Chronique de Charles

IX., which stands towards the 16th century much as the

Jacquerie does towards the Middle Ages. All these works

were to a certain extent second-hand, being either directly

imitated or prompted by a course of reading on a particular

subject. But they exhibited all the future literary qualities

of the author save the two chiefest, his wonderfully severe

and almost classical style, and his equally classical solidity

and statuesqueness of construction. For the latter there

was not much opponunity in their subjects, and the former

teouired a oertain maturity and self-discir>line whir>«

M^rim^e had not yet given U) himself These were,

however, displayed fully in the famous Corsican story of

Colomha, published in the momentous year 1830. "rhis,

all things considered, is perhaps M^rim^e's best tale.

He had already obtained a considerable position in

the civil service, and after the revolution of July he was
chef de cabinet to two different ministers. He was then
appointed to the more congenial post of inspector of

historical monuments. M^rimde was a born archaeologist,

combining linguistic faculty of a very unusual kind with
the accurate scholarship which does not always accompany
it, with remarkable historical appreciation, and with a sincere

love for the arts of design and construction, in the former
of which he had some practical skill. ^In his official

capacity he published numerous reports, some of which,

with other similar pieces, have been republished in his

works. He also devoted himself to history proper during

the latter years of the July monarchy, and publi^ed
numerous essays and works of no great length, chiefly on
Spanish, Russian, and ancient Roman history. He did

not, however, neglect novel WTiting auring this period, and
numerous short tales, almost without exception master-

pieces, appeared, chiefly in the Reinie de Paris. He travelled

a good deal, both for his own amusement and on official

errands ; and in one of his journeys to Spain, about the

middle of Louis Philippe's reign, he made an acquaintance

destined to influence his future life not a little—that of

Madame de Montijo, mother of the future empress Eugenie.

M^rimee, though in manner and language the most
cynical of men, was a devoted friend, and shortly before the

accession of Napoleon III. he had occasion to show this.

His friend Libri was accused of having stolen valuable

manuscripts and books from French libraries, and M^rim^e
took his part so warmly that he was actually sentenced

to and underwent fine and imprisonment. He had been

elected of the Academy in 1844, and also of the Academy
of Inscriptions, of which he was a prominent member.

Between 1840 and 1850 he wrote more tales, the chief

of which were Arsene Guillot and Carmen.

The empire made a considerable difference in M^rimde's

life. He was not a very ardent politician, but all his

sympathies were against democracy, and he had therefore

no reason to object to the Bonapartist rule, especially as

his habitual cynicism and his irreligious prejudices

made legitimism distasteful to him. But the marriage

of Napoleon HI. with the daughter of Madame de

Montijo at once enlisted what was always the strongest of

Mcrimde's sympathies—the sympathy of personal friend-

ship—on the emperor's side. He was made a senator, and

continued to exercise his archaeological functions ; but his

most important role was that of a constant and valued

private friend of both the "master and mistress of the

house," as he calls the emperor and empress in his letters.

He was occasionally charged with a kind of irregular

diplomacy, and once, in the matter of the emperor's

Ceesar, he had to pay the penalty frequently exacted from

great men of letters by their political or social superiors

who are ambitious of literary reputation. But for the

most part he was strictly the " ami de la maison." ;.At!

the Tuileries, at Compifegne, at Biarritz, he was a con-;

stant though not always a very willing guest, and his

influence over the emj.ress was very considerable and was

fearlessly exerted, though he used to call him.<self, in imita-

tion of Scarron, " le bouffon de sa majesty." His occupa-'

tions during the last twenty years of his life were numerous

and important, though rather nondescript. He found,'

however, time for not a few more tales, of whlth more will

be said presently, and .for two .correspondences^ which are

not the least of his literary achievements, while theylia^

ein estraordinarv interest of mattn- One of these censist^
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of the letters which have been published as Lettres & une
Inconnue, the other of the letters addressed to Sir Antonio
Panizzi. iLe late librarian of the British Museum. Various,

thouijli idle and rather impertinent, conjectures have been
niide as to the identity of the inconnue just mentioned.
It is sufficient to say that the acquaintance extended over

many years, that it partook at one time of the character

of love, at another of that of simple friendship, and that

M^rim^e is exhibited under the most surprisingly diverse

lights, most of them more or less amiable, and all interest-

ing. The correspondence with Panizzi has somewhat less

personal interest. M^rim^e made the acquaintance origin-

ally by a suggestion that hia correspondent should buy for

the Museum some MSS. which were in the possession of

Stendhal's sister, and for some years it was chiefly confined

to correspondence. But M^rim^e often visited England,
where he had many friends (among whom the late Mr
Ellice of Glengarry was the chief), and certain similarities

of taste drew him closer to Panizzi personally, while during
part of the empire the two served as the channel for a
kind of unofficial diplomacy between the emperor and
certain English statesmen. These;letter3 are full of shrewd
apergus on the state of Europe at difierent times. Both
series abound in gossip, in amusing anecdotes, in sharp
literary criticism, while both contain evidences of a cynical

and Rabelaisian or Swiftian humour which was very strong

in M^rimde. This characteristic is said to be so prominent
in a correspondence with another friend, which now lies in

the library at Avignon, that there is but little chance of its

ever being printed. A fourth collection of letters, of much
inferior extent and interest, has been printed by M. Blaze

de Bury under the title of Lettres d, une autre Inconnue.

In the latter years of his life M^rim^e suffered very much
from ill health. It was necessary for him to pass all his

winters at Cannes, where his constant companions were two
aged English ladies, friends of his mother. The terrible

year found him completely broken in health, and anticipating

the worst for France. He lived long enough to see his fears

realized, and to express his grief in some last letters, and
he died on September 23, 1870.

Merimee's character (which has been unwarrantably slandered
by those to whom political differences or his sarcastic intolerance

of " pose " in literature made him obnoxious) was a peculiar and in

some respects an unfortunate one, but byjno means unintelligible,

and perhaps in a minor degree not uncommon. Partly by tempera-
ment, partly it is said owing to some childish experience, when he
discovered that he had been duped and determined never to be so

again, not least owing to the example of Beyle, who was a friend

of his family, and of whom he saw much, Merimee appears at a

comparatively early age to have imposed upon himself as a duty the
maintenance of an attitude of sceptical indifference and sarcastic

criticism. He certainly succeeded. Although, as has been said, a

man of singularly warm and affectionate feelings, he obtained the
credit of being a cold-hearted cynic ; and, although he was both
independent and disinterested, he was abused as a hanger-on and
toad-eater of the imperial court. Both imputations were wholly
undeserved, and indeed were prompted to a great extent by the
resentment felt by his literary equals on the other side at the cool

ridicule with which he met them. But he deserved in Some of the
bad as well as many of the good senses of the term the phrase which
we have applied to him of a man of the Renaissance. He had the
warm partisanship and amiability towards friends and the scorpion-

like sting for his foes, he had the ardent delight in learning and
especially in matters of art and belles lettres, he had the scepticism,

the voluptuousness, the curious deliglit in the contemplation of the
horrible, which marked the men of letters of the humanist period.

Like them ho was a man of the world, and a man who without any
baseness liked a king's palace better than a philosopher's hovel.

Like them he had an acute judgment in matters of business, and like

them a singular consciousness of the nothingness of things. Even his

literary work has this Renaissance character. It is tolerably ex-

tensive, amounting to some seventeen or eighteen volumes, but its

bulk is not great lor a life which was not short, and which was
occupied at least nominally in little else. About a third of it con-

sists of the letters already mentioned, which will always be to

those who delight in personal literature the most attractive part,

am! which, though in a fragmentary fashion, are really important

as throwingside lights on history. Rather more tlian another third

consists of the ofhcial work which has been ali'eady alluded to

—

reports, essays, short historical sketches, the chief of which latter is

a history of Pedro the Cruel, and another of the curious pretender
known in Russian story as the false Demetrius. Some of the
literary essays, such as those on Beyle, on Turguenief, ic, where
a personal element enters, are excellent. Against i;'.hers and against
the larger historical sketches—admirable as thej are—11. Taine's
criticism that they want life has some force. They are, however,
all marked by Merimee's admirable style, by his sound and accurate
scholarship, his strong intellectual grasp of whatever he handled,
his cool unprejudiced views, his marvellous faculty of deiiguing and
proportioning the treatment of his work. It is, however, in the
remaining third of his work, consisting entirely of tales either in

narrative or in dramatic form, and especially in the former, that his

full power is perceived. He translated a certain number of things
(chiefly from the Russian) ; but his fame does not rest on these, on
his already-mentioned youthful supercheries, or on hia later semi-
dramatic works. There remain about a score of tales extending in

point of composition over exactly forty years, and in length from
that of Coloviba, the longest, which fills about one hundred and fifty

pages, to that of VEnlevement de la Redoute, which fills just half

a dozeUr They are unquestionably the best things of their kind
written during the century, the only nouvelles that can challenge

comparison with them being the very best of Gautier, and one or

two of Balzac. The motives are sufficiently different. In Colomba
and Mateo Falcone, the Corsican point of honour is drawn on ; in

Carmen (written apparently after reading Sorrow's Spanish books),

the gipsy character ; in La Vlnus d'flle and Lokis (two of the
finest of all), certain grisly superstitions, in the former case that

known in a milder form as the ring given to Venus, in the latter a

variety of the were-wolf fancy. Arsine Guillot \a a singular satire

full of sarcastic pathos on popular HQorality aiid religion ; La
Chambre Bteue, an 18th-century conte, worthy of Crebillon for

grace and wit, and superior to him in delicacy ; T!i£ Capture o/tfu
Medoubt just mentioned is a perfect piece of description ; L'Abbi
Auhain is again satirical ; La Double Miprise (the authorship of

which was objected to Merimee wh«n he was elected of the
Academy) is an exercise in analysis strongly impregnated with
the spirit of Stendhal, but better written than anything of that

writer's. These stories, with his letters, assure Merimee's place in

literature at the very head of the French prose writers of the century.

He had undertaken an edition of Brant6me for the Bibliothique
Elzevirienne, but it was never completed.

Merimee's works have only been gradually published since Lis

death. The latest. The Letters to Fanhzi, which have also ap-

peared in English, bears date 18S1. There is as jet do uniform
or handsome edition, but almost everything is obtainable in the

collections of MM, Charpentier and Calmann Levy. (G. SA.)

MERINO. See Sheep and Wool.
MERIONETH (Welsh Meirionydd), a maritime county

of North AVales, is bounded N. by Carnarvon and Denbigh,

S.E. by Denbigh and Montgome.y, and W. by Cardigan

Bay. It is triangular in shape, its greatest length north-

east to south-west being 45 miles, and its greatest breadth

north-west to south-east about 30miles. The area is 385,291

acres, or about 600 square miles. Next to Carnarvon, Meri-

oneth is the most mountainous county in AVales. If the

scenery is less bold and striking than that of Carnarvon,

it excels it in richness, variety, and picturesque beauty.

Its lofty mountains are interpenetrated by dark deep dells

or smiling vales. The outlines of its rugged crags are

softened and adorned by rich foliage. The sea views are

frequently fine, and rivers, lakes, and waterfalls add a

romantic charm to the valleys. The highest summits in

the county are the picturesque Cader Idris (which divides

into three peaks,—one, Pen-y-Gadair, having an altitude of

2914 feet), Aran Fawddwy (2955), Arenig-fawr (2818),

Moel-wyn (2566), Rhobell faw (2360). The finest valleys

are those of Dyfi, Dysjrai, Talyllyn, ;Mawddach. and Festi-

niog. The river Dyfrdwy or Dee rises 10 miles north-west

of Bala, and, after passing through Bala Lake, flows north-

east by Corwen to Denbighshire. The Dyfi rises in a small

lake near Aran Fawddwy, and expands into an estuary

of Cardigan Bay. The Mawddach or Maw, from the

north of Aran Fawddwy, has a course of 12 miles south-

west, during which it is joined by several other streams.

The Dwyryd and other streams unite in forming the

estuary of Traeth Bach. The finest waterfalls are the
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Rhaiadr-y-Glyn near Conven, Rhaiadr Du, and Pistyll

Cain, th"- latter 150 feet high. The lakes arc very

mir. erous, but small, the largest being Bala Lake, or Pim-

'olemere (in Welsh, Llyn Tegid. fair lake), 4 miles long by

1 broad, and Llyn Mwyngil (lake in a sweet nook; in the

vale of Talyllyn. Both are much frequented by anglers.

On account of frequent indentations the coast-line is about

100 miles long. Sandy beaches intervene between the

rocky shores. Frequent shoals and sandbanks render

navigation very dangerous. There are only two harbours

of importance, Barmouth and Aberdovey.

A mountain tract of the county 15 miles from north to

south by 10 from east to west, stretching from the coast

inland, is of the Cambrian age, composed of grits, quartzose,

an(;l slates, and comprising the Merionethshire anticlinal.

This tract is enclosed on the north, east, and south by the

Menevian, Lingula, Tremadoc, and Arenig beds, which are

pierced by numerous dykes and intrusive masses, mostly

greenstone. Pihobell-fawT is one of the greatest igneous

masses in the whole area of the Lingula beds. The Arenig

beds are interstratified with and overlaid by accumulations

of volcanic ashes, felspathic traps, or lava flows, which

form the rugged heights of Cader Idris, the Arans, the

Arenigs, JIauod, and iloel-wyn ; and these are in turn

overlaid by the Llandeilo and Bala beds, the latter includ-

ing the Bala limestone. Extensive slate quarries are

worked near Festiniog, mostly underground, in strata of

the Llandeilo age, giving employment to about 4000 men.

Gold, lead, copper, and manganese have been obtained in

various places.

Climate and AgriciMuTe.—The climate varies mnch with the
elevation, in some places being bleak and cold, and in others re-

markably etjuable and genial. At Aberdovey it is proverbially

inild, and the myrtle grows in the open air. All attempts to intro-

duce fruits bave proved abortive iu most parts of the county. The
soil is generally tliin and poor, with fertile tracts in the valh-ys.

A great portion of the moss has been reclaimed within late years.

According to the agricultural returns for 1882, there were 154,406
acres, or considerably less than half the total area, under cultiva-

tion. Of this as much as 119,133 acres were permanent pasture,

and 13,755 under rotation grasses. Of the 17,312 acres under corn
crops, 11,232 were under oats and 4807 under barley. Potatoes
occupied 2392 acres, a ad turnips only 1496 acres. The area under
woods extended to 15,049 acres.

The total number of horses in 1882 was 6088. A breed of
ponies is peculiar to this county and ilontgomeryshire. Ths
rearing of horned cattle and dairy farming are largely earned on,
but the number of cattle (37,643) is considerably under the average
of Wales generally. On the other hand the number of sheep in
1882 was 400,553, a larger number than in any other county of
AVales, and much beyond the general average in the principality.
They are a small hardy breed, which grow heavy fleeces. Goats
frequent the loftier crags.

According to the latest return the number of proprietors was 1695,
possessing 303,374 acres, with a gross annual value of £183,253. Of
the owners 1044, or 62 per 'cent., possessed less than 1 acre, the
average extent of the properties being 189 acres, and the average
value per acre a little over 12s. There were ten proprietors who
possessed over 5000 acres, viz., Sir W. \V. Wynn, 20,295 ; R. J L
Price, 17,718; T. P. Lloyd, 16,975; Mrs Kirkby, 13,410; Hon.
C. H. Wynn, 10,504 ; A. J. G. Corbet, 9347 ; Sir E. Buckley,
8738; W. E. Oakeley, 6018; W. 0. Gore, 5497; and R. M.
Rickards, 5701.

^fanu/aclurcs.—Vfon\Uu goods are manufactured in various
places, especially at Dolgclly. They are principally coarse druggets,
kerseymeres, and flannels. The knitting of stockings was a great
industry at the close of last ceatury, the value of the sales at Bala
being estimated at from £17,000 to £19,000 annually.

Railways.—The Cambiiin Railway skirts the coast from Port-
madoc to Aberdovey. At Barmouth Junction a branch of the same
crosses to Dolgelly, where it is joined by a branch of the Great
Western Railway. Another brandi of the Great Western unites
Bala and Festiniog, and the latter place has railway couuexioQ both
with Llandudno Junction and with Portmadoe.
Administration and Po;)i(/«<toH. —Xlerionethshire'comprises five

hundreds and thirty-three civil parishes. It has one court of iiuartcr
sessions, and the number of petty sessional divisions is six. Ecclesi-
astically it is par.ly in the diocese of Bangor, partly in that of St
Asaph. The county rcturus one member to parliament. There is

no municipal or parliamentary borough. The towns letume'l in

IbSl as urban sanitaiy districts aie liala (1653|, lianuoiitli (1512),

Dolgelly (24571, festiniog (11,272). aud Towyu (3363). Since

1801 the population has nearly doubled. From 29,506 in that year

it had incicascd in 1851 to 38,963, in 1871 to 46,598, aud in 1881

to 54,793, of whom 27,576 were males ami 27,217 females.

History and Antiquities.— Originally Meiioueth belonged to the

territory of tlie Owloviccs, and under the Romans it was 'included

iu Britannia Secunda. There are many Celtic, Roman, and medi-
ajval remains. Caer Drewyn on the Dee, near Coiwen, was a British

cainp. There are numerous cromlechs in various parts of the county,
especially near the sea-coast. The Fia Occidenlalis of the Romans
passed through Merioneth from south to uortli^ and at Tomen-
y-.Mur was joined by a branch of the South Watling Street, the
Castell Tomen-y-Mur being supposed to be identical with tlie

Roman staf'on of Heriri ilons. The immense ruin of Castel-y-

Bere was originally one of the largest castles iu Wales, but has not
been occupied since the time of Edward 1. During the Wars of the
Roses the castle of Harlech, still a Cue ruin, was held by ihe

Lancastrians, and was the last in Wales to surrender. Of ecclesi-

astical remains the most important is Cymmer Abbey, founded by the

Cistercians in 1198, a very fine rum containing architecture of

various periods from Norman to Perpendicular. There are numeti
ous interesting old churches.

MERLIN. See Falcon.
MERMAIDS AND MERMEN, in the popular mythology

of England and Scotland, are a class of beings more or less

completely akin to man, who have their dwelling in the sea_

but are capable of living on land and of entering into social

relations with men and women.' They are easily identified^

at least in some of their most important aspects, with the

Old German Meriminni or Meerfrau, the Icelandic Hafgufa,
Margygr, and Marmennill (mod. Marbendill), the Danish
Hafmand or Maremind, the Irish Merrow or Jlerruach,

the ilarie-Morgan of Brittany and the Morforwyn oi

Wales ;
- and they have various points of resemblance tc

the vod}-any or water-sprite and the rusalka or stream-fairy

of ilussian mythology. The typical mermaid (who is

much more frequently described than the merman) has the

head and body of a woman, usually of exceeding loveliness,

but below the waist is fashioned like a fish with scales and
fi.is. Her hair is long and beautiful, and she is oftfen

represented, like the Russian rusalka, as combing it with
one hand while in the other she holds a looking-glass. At
other times, like the rusalka, she is seen engaged in the

more prosaic occupation of washing or beating clothes ; but
this, as, for example, in Hugh Miller's terrible Loch Slin

legend, is a sign of some impen-ling calamity. For a time
at least a mermaid may become to all appearance an ordi-

nary human being ; and from a very striking Irish legend
(" The Overflowing of Lough Neagh and Liban the Mer-
maid," iu Joyce's Old Celtic Romances) it is evident that a

human being may also for a time be transformed into a-

mermaid.

The mermaid legends, both English and other, may be
grouped as follows. A. A mermaid or mermaids either

voluntarily or under compulsion reveal things that are abotU

to happen. Thus the two mermaids (merenip) Hadeburc
and Sigelint, in the A'ibelungenlied, disclose his future

course to the hero Hagen, who, having got possession of

their garments, which they had left on the shore, compels
them to pay ransom in this way. According to Resenius,

a mermaid appeared to a peasant of Samsoe, foretold the

birth of a prince, and moralized on the evils of intem-

' The name mermaid is compounded of the A. -S. mere, a lake, and
ma:gd, a maid; but, though mere ici/occurs iu Beowulf, mere-maid iots
not appear till the Middle English period (Chaucer, Jiomaunl of the

Roee, &c ). In Cornwall the fishermen say merry-maids and merry
men. The connexion with the sea rather than with inland waters
appears to be of later origin. "The Mermaid of Martin Meer"
(Roby's Traditions of Lancashire, vol. ii.) is an example of the older
force of the word: and such "meer-women" are known to the
country-folk in various parts of England (e.g., at Newport in Shrop-
shire, where the town is some day to be drowned by the woman's
agency).

= See Rhys, " Wel.-h Fairy Tales," in Y Cymmrodor, ISSl, ^882.
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perar.ce, &c {Kong Fredench^ den andens Kr'&niJce,

Copenhagen, 1680, p. 302). B. A Mermaid imparls

tupernalural powers to a k?i>tuin being. Thus in the

beautiful story of "The Old JIan of Cury" (in Hunt's

Popular Romances of the West of England, 1871) the old

man, instead of silver and gold, obtains the power of doing

good to his neighbours by breaking the spells of witchcraft,

chasing away diseases, and discovering thieves. John
Reid, the Cromarty shipn.aster, was more selfish,—his

" wishes three " being that neither he nor any of his

friends should perish by the sea, that he should be unin-

terruptedly successful in everything he undertook, and that

the lady who scorned his love should scorn it no more.

C A mermaid has some one under her protection, and for
wrong dune to her ward exacts a terrible penalty. One of

the best and most detailed examples of this class is the

Btory of the "Mermaid's Vengeance" in Mr Hunt's book
already quoted. D. A mermaid falls in love tvith a human
being, lives vnth him as ?tis lawful wifefor a time, and then,

eomf compact being unwillingly or intentionally broken by him,

departs to her true home in the sea. Here, if its mermaid
form be accepted, the typical legend is undoubtedly that

of Melusina, which, being made the subject of a full-fledged

romance by Jean d'Arras, became one of the most popular

folk-books of Europe, appearing in Spanish, German,
Dutch, and Bohemian versions. Jlelusina, whose name
may be a far-off echo of the Myiitta (Venus) of the

Phoenicians, was married to Raymond of Lusignan, and
was long afterwards proudly recognized as one of their

ancestors by the Luxembourg, Rohan, and Sasssnaye
families, and even by the emperor Henry VIL Her story

wUl be found in Baring Gould's Myths of tlif Middle Ages.

E. A mermaid falls in love with a man, and entices him to

go and live vnth her below the sea ; or a merman wins tlie

affection or captures the person of an earthbom maiden.
This form of legend is very common, and has naturally

been a favourite with poets. Macphail of Colonsay
successfully rejects the allurements of the mermaid of

Corrievrekin, and comes back after long years of trial to

the maid of Colonsay.' The Danish ballads are especially

full of the' theme ; as " Agnete and the Merman," an ante-

cedent of Matthew Arnold's "Forsaken Merman"; the
" Deceitful Merman, or Marstig's Daughter " ; and the
finely detailed story of Rosmer Hafmand (No. 49 in

Grimm).
In relation to man the mermaid is usually of evil issue

if not of evil intent. She has generally to be bribed or

compelled to utter her prophecy or bestow her gifts, and
whether »3 wife or ^paramour she brings disaster in her
train. lu itself her sea-lLfe is often represented as one of

endless delights, but at other times a mournful mystery
and sadness broods over it. The fish-tail, which in popular
fancy forms the characteristic feature of the mermaid, is

really of secondary importance ; for the true Teutonic
mermaid—probably a remnant of the great cult of the
Vanir—had no fish-tail ; ^ and this symbolic appendage
occurs in such remote mythological regions as to give no
clue to historical connexion. The Tritons, and, in the
later representations, the Sirens of classical antiquity, the
Phoenician Dagon, and the Chaldaean Cannes are all well-

known examples ; the Ottawas and other American Indians
have their man-fish and woman-fish (Jones, Traditions of
the North American Indians, 1830); and the Chinese tell

stories not unlike our own about the sea-women of their

southern seas (Dennis, Folklore of China, 1875).
Quasi-historical instances of the appearance or capture of

'See Leyden's "The Mermaid," in Sir Walter Scott's Border
ilivstrelsy.

" Karl Blind, " New Finds in Shetlandic and Welsh Folk-Lore," in

Oentlmian's ilagcaine, 1882.

mermaids are common enough,' and serve, with the frequent

use of the figure on signboards and coats of arms, to show
how thoroughly the myth had taken hold of the popular
imagination.* A mermaid captured at Bangor,, on the

shore of Belfast Lough, in the 6th century, was not only

baptized, but admitted into some of the old calendars as a
saint under thp name of Murgen {Notes and Queries,

Oct. 21, 1882); and Stowe {Annales, under date 1187)
relates how a man-fish was kept for six months and more
in the castle of Orforde in Sufiblk. As showing how
legendary material may gather round a simple fact,

the oft-told story of the sea-woman of Edam is particu-

larly interesting. The oldest authority, Joh. G^rbrandus'
a Leydis, a Carmelite monk {ob. 1504), tells {Anruiles,,

ic, Frankfort, 1620) how in 1403 a wild woman'
came through a breach in the dike into Purmerlake, and,

being found by some Edam milkmaids, was ultimately

taken to Haarlem and lived there many years. Nobody
could understand her, but she learned to spin, and vras

wont to adore the cross. Ocka Soharlensis {Chronijk van
Friesland, Leeuw., 1597) reasons that she was not a fish

because she could spin, and she was not, a woman because

she could live in the sea ; and thus in due course she

got fairly established as a genuine mermaid. Vosmaer,
who has carefully investigated the matter, enumerates forty

writers who have repeated the story, and shows that' the

older ones speak only of a woman (see " Beschr. van de

zoogen. Meermin der stad Haarlem," in Verh. van de Hold.

Maatsch. van K. en Wet., part 23, No. 1786). As for the

stuffed mermaids which have figured from the days of Ba^
tholomew Fair downwards, it ia enougi to mention that

exhibited in the Turf Coffee-house, London, in 1822,

and carefully dra'wn by Cruikshank (compare Chambers,,

Book of Days).

The best account of the mermaid-myth is in Baring Gould's
Myths of the Middle Ages. See also, besides works already men-
tioned, Pontoppidan, who in his logically creduloiis way collects

much matter to prove the existence of mermaids ; Maillet, Tdti-
amed, Hague, 1755 ; Grimm, Deutsche Mytholojie, i. 404, and
Allddii. Heldenlieder, 1811 ; Waldron's Description and Train's

Eist. and Slat. Ace. of the Isle of Man ; Folklore Society's Record,

vol. ii. ; Napier, Hist and Trad. Tales connected with the South of
Scotland; StSbillot, Traditions de la Haute Bretagne, 1882, and
Contes des Marins, 1882. (H. A. W.)

MERGE, in classical geography (Strabo, xvii. 2, 2 ; Pliny,

ii. 73,v. 10; Ptol., p. 201), was the metropolis of ^Ethiopia,

situated on an island of the same name between the Nile

and the Astaboras (Atbara). The " island '•' is only an
inaccurate name for the fertile plain betvveen the two
rivers. This Meroc, first mentioned by Herodotus (ii. 29
sq.), succeeded an older Ethiopian kingdom of Napata lower

down the Nile, originally subject to and civilized from
Egypt, but which afterwards became independent and even

sent forth an Ethiopian dynasty to reign in Egypt, to which
the So and Tirhaka of the Bible belonged (see Ethiopia).

The name of Mero<i in the form Merawi is now given to

Napata. The later Meroe retained its independence when
Egypt fell under foreign sovereigns. Diodorus (iii. 6)
describes it as entirely controlled by the priesthood tOl a

native prince Ergamenes destroyed the sacerdotal caste in

the time of Ptolemy II. Queen Candace (Acts viii. 27)

was probably sovereign of Meroe ; see Lepsius's Lettei-s

Eng. tr., pp. 196, 206 ; and comp, Strabo, xvii. 1, 54 foi

' Compare the strange account of the qnasi-huraea creatures founi

in the Nile given by Theophylactus, Historise, iiii. 16, pp. 299-30i

of Bekker's ed.

* See the paper in Jour. Brit. /trch. Ass., xxxviii., 1882, by H. 8.

Cuming, who points out that mermaids or meraien occur in the arms
of Earls Caledon, Howth aiid Sandwich, "Viscounts Boyne and Hood,
Lord Lyttleton, and Scott of Abbotsford, aa well as in thpse of th ,

Ellis, Byron, Phen^, Skeffington, and other families. The Englisb

heralds represent the creatures with a single tail, the French and

German heraldi frequently .>'tb » double in«.
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» Queen Candace in Augustus's time wlien the Homans
under Petronius advanced to Napata. Mt-roo was visited

by Greek merchants ; and the astronomical expedition of

Eratosthenes determined its latitude with great accuracy.

An exploring party in the reign of Nero found that the

country below Mcroe, formerly the site of many towns,

had become almost wholly waste (Pliny, vi. 29). From
tJhe 6th to the 14th century of our era the Christian

(Jacobite) realm of Dongola occupied the place of the older

kingdom. The juins of Meroe and Napata were fully

explored by Lepsius in 1844, and the monuments are

pictured in his Deiik-niHtfr.

MERSEBURG, the chief town of a district of the same
oarae in the Prussian province of Sa.xony, is situated on

the river Saale, 10 miles to the south of Halle and 17 to

the west of Leipsic. It consists of a quaint and irregidarly

built old town, with two extensive suburbs, and contains

six churches and several schools and charitable institutions.

The cathedral is an interesting old pile, with a Romanesque
choir of the 11th, a transept of the 13th, and a Late Gotliic

nave of the 16th century. Among its numerous monuments
is that of Rudolph of Swabia, who fell in 1080 in an
encounter with his rival Henry IV. It contains two
paintings by Lucas Cranach. Contiguous to the cathedral

is the Gothic chateau, formerly the residence of the Saxon
princes and the bishops of Merseburg. The town-house, the

post-office, and the " standehaus " for the meetings of the

provincial estates are also noteworthy buildings. The
industries of Merseburg consist of the manufacture of card-

board and coloured paper, dyeing, glue-boiling, machine-

making, calico-printing, tanning, and brewing. Its popu-

lation in 1880 was 15,205.

Merseburg (i.*"., "march-town") is one of the oldest towns in

Germnny. From the 9th century down to 1007 it was tlie capitnl

of a cbuDtship of its own name, and from 968 to 1543 it was the seat

ofabisliop. In the 10th, 11th, and 12th centuries it was a favourite

residence of the German emperors, and at this time its fairs enjoyed
the importance afterwards inheiited by tliosc of Leipsic. The town
was repeatedly visited by destructive conflagrations in the 14th to

17th centuries, and also sulTered severely during the Thirty Years'
War. From t656 to 1733 it was the residence of the dukos of Sa.\e-

Jlerseburg. The great victoiy gained by tiie emperor Henry I.

over the Huns in 933 is believed to have been fuught on the Keusch-
berg near llersebr.rg.

_
MERTHYR TYDFIL, or JIerthyb Tydvil, a parlia-

mentary borough and market-town of Glamorganshire,

South Wales, is situated in a bleak and hilly region on the

river Taff, and on several railway lines, 25 miles north-

north-west of Cardiff and 30 east-north-east of Swansea.

The town, which consists principally of the houses of work-
men, is for the most part meanly and irregularly built, and
at one time, on account of its defective sanitary arrange-

ments, was frequently subject to epidemics of great severity.

Within recent years greut improvements have taken place,

and the town now possesses both a plentiful supply of

pure water and an excellent system of sewage. There are

also some good streets with handsome shops, while in the

suburbs there are a number of private reside.ices and villas

inhabited by the wealthier classes. Apart from its extensive

iron and steel works, the town possesses no feature of

interest. It is situated in the centre of the South Wales
coal basin, and the rich coal-mines in the vicinity supply

great facilities for the iron industries. At MerthjT Tydfil,

which is said to have received its name from the martyr-

dom of a British saint Tydfil, there were smelting-works

at a very early period, but none of any importance until

1755. From about forty years ago until 1875 the manufac-

ture of bar iron developed with great rapidity, but since

then the production of steel has largely taken its place.

The borough returns two members to parliament. The
population of the urban sanitary district in 1871 w-as

51.949, and in 1881 it was 48,857; the population of the

parliamentary borough, which includes the parish of Aber-
dare and parts of the. parishes of Llanwonuo and MerthjT
Tydfil i icl of Vainor (Brecon), and has an area of 29,954'
acres, was in the same years 97,020 and 91,347.

MERY, Meru, or Maour,' a district of CentralTAsia,
situated on the border-land of Iran and Turan.

The oasis of Merv Ues in the midst of a desert, in about
37° 30' N. lat. and 62° E. long. It is about 250 miles

from Herat, 170 from Charjui on the Oxus, 360 from
Khiva, and 175 from Gawars, the nearest point in the

newly acquired (1881) Russian territory of Akhal.
The great chain of mountains which, under the name of

Paro]iamisus and Hindu-Kush, extends across the Asiatic

continent from the Caspian to China, and forms the line

of ethnic demarcation between the Turanian and Indo-
Germanic races, is interrupted at a single point ; that point

is on the same longitude with Merv. Through or near the

Neighbourhood' of Merv.

troupe or gap which nature has createa flow northward in

parallel courses the rivers Heri-rud (Tejend) and Murghab,

until they lose themselves in the desert of Kara-kum—that

large expanse of waste, known also as Turcomania, .which

spreads at the northern foot of the mountains, and stretches

from the lower Oxus to the Caspian.

Whether as a satrapy of Darius and subsequently as

a province of Alexander, whether as the home of the

Parthian race, whether as a bulwark against the destructive

waves of Mongol invasion, or later as the glacis of Persian

Khorasan, the valleys of those rivers—the district of Merv

' Merv is the modern Persian name. The river ilargus, now the

Murghab, on which was built the ancient city, is derived from Margu,

the name of the province as recorded in the Behistan inscriptions of

Darius. Spiegel connects the name Margu with old Bactrian meregho,

bird, in allusion to the numerous swarms cf birds that gather there.

So, too, the river name Murghab means bird-water. The district ap-

pears to have beeu known iu the 5th century as Marv-i-rud, so that

the river was then the Marv. The name Merim for the district

occurs in the Armenian geography ascribed to Moses of Khorene,

written probably in the 7th century (ed. Patkanoff). Maour is the

Uibek. name, and of comparatively recent date.
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—have ever been iuiiioitant outiiosts on the bonlei's of

Iran. In bye-gone epochs tlicir banks have, under powerful

rulers, been studded with pojmlous and flourishir'^ cities,

which bore the name of " Sovereign of the Universe " (Merv

Shah-i-Jchait), and vied for fame with " Balkh, the Mother
of cities"; of late times, with weakness or absence of govern-

ment, those same banks have become choked with fallen

battlements and ruins, the home of the snake and the jackal.

Merv has soared to prosperity or fallen to decay accord-

ing to her political status at the moment, and history,

which repeats itself, may yet have to sing her praises in

the future as it has done in the past. All that human
life in the desert requires is there,—water in abundance,

and a soil unsurpassed for fertility. Good government is

alone wanting to turn those natural gifts to full account.

The present inhabitants of the district are Turcomans
of the Tekke tribe, who, like the other tribes inhabiting

Turcomania, enjoyed until the 3])proach of the Russians

virtual independence, and acknowledged allegiance to no

one,—a pastoral people who eked out a miserable existence

by the trade of passing caravans, and in bad times pillaged

the neighbouring and equally barbarous states, to whose
reprisals they were in turn subjected.

From the year 1869, the date o^ the establishment of

the Russian military settlement at Krasnovodsk on the east

shore of the Caspian, the wave of Russian conquest.has

gradually swept eastwards along the northern frontier

of Persia until it has for the moment stopped at the outer-

most border of the Akhal Turcoman country, which was
incorporated in 1881 by Russia as the result of the defeat

of that tribe at Geok Tepe Among the districts stdl

farther east, to which the Rui?sians give tlie name of

Eastern Turcomania, is that of the Merv Tekke Turcomans,
kinsmen of the Akhal Tekkes, the most recent of Russia's

subjects. The district of the Merv Tekkes may be taken

to be that^ included between the lower JIurgbab below
Yulutan, -where the river enters the plain, and the Persian

frontier from Sarakbs to Gawars.

A reference to the map will show the strategical import-

ance of this district, situated at the point of meeting of

two lines, of which one is the strategic line of Russian

advance on Herat from Krasnovodsk to Sarakhs, and the

other the strategic line of advance on the same place from
Tashkend through Bokhara. The capital of the district

is, moreover, the crossing-point of the Herat-Khiva and
Meshed-Bokhara trade routes.

Consequently 'this district, a solitary oasis in a vast

desert, guarantees to its possessor the command of an
important avenue between north and south, and, in the

event of its falling into Russian hands, will give that power
in addition a valuable link in the chain of connexion
between her recent acquisitions on the Persian frontier

and those in Turkestan, the forging of which has been

persistently advocated by Russian writers for years past.

One of these. Colonel Veniukolf, frankly admits that it is

the political results—" the consolidation of friendly relations

with the Turcomans "—and not commercial interests

merely, that are primarily looked to, and openly states

that the forward movement in Central Asia "cannot end

otherwise than by the anne.xation to Russia of the whole

of Turan."

Whether by design or by the force of circumstances, the

recommendations of those writers have been translated into

facts, and Russia with her advanced post at Askabad is

now within 400 miles of Herat, which Sir Henry Rawlinson
designates as the key of India. The occupation of the

Merv Tekke country would bring Russia to within 250
miles of Herat. From Askabad she is in connexion with

the Caspian by a good line of communication, part of which
from the sea to Kizil .Vrvat) is bv rail : and hence facilities

are offered for bringing up not only the resources of the

Caucasus but of the whole of European Russia. While
Russian troops are within 400 miles of Herat, the British

trooiis at Quetta are more than 500 miles from Herat.'

These remarks serve to cxiilain the very natural

suspicion with which Great Britain has regarded the

occujiation one after another of important strategical

points along that route by which alone Russia can strike

at India,—the same line by which Napoleon meditated a

Russo-French invasion in the early part c{ this century.

Ill tlio matter of Merv and tho neiglibounng Tuicoinan districts

dililomacy lias not been iillc. As early as 1869, wlieu an inter-

change of o^iinions was taking place between tlie liussian and
lliitisli GoveniiTieiits witli respect to the demarcation of a neutral

zone between the two enqiires, Great Britain objected to tlio

liussian proposal that tliis zone should bo Afghanistan, " because

of the near approach to India that would be thereby afforded to

Hussian troops from the direction of the Kara-kum, the home of the

Turcomans, of which Merv is the central point." lu the following

year a Russian diplomatist remarked to tlie British ambassador at

St Petersburg, when discussing tlie Afghan frontier, that great care

would be rcnuired in tracing a line from Klioja Saleh on the 0.nu3

to the south, as Jlerv and tlie country of the Turcomans were be-

coming "commercially impoitaut." About the same time Russia

intimated that, if the amir of Afghanistan claimed to exercise

sovereignty over the Tekkes, his pretensionscould not be recognized.

After the Russian campaign against Khiva in 1873, and the sub-

sequent operations against the Turcomans, the English foreign

secretary early in 1874 called attention "to the fears expressed by
the ainir of Afghanistan as to the complications in which he might
become involved with Russia were the result of a Russian expe-
dition against Merv to be to drive the Turcomans to take refuge in

the province of Badghces in Herat." In reply to this communi-
cation Prince Gortscliakoff repeated the assurance that the imperial

Government " had no intention of sending any expedition against

the Turcomans, or of occupying Merv." • In 1875 the operations of

General Lomnkin on the northern frontier of Persia led to represen-

tations being made by the British ambassador at the court of St

Petersburg. To these Russia replied that the czar had no inten-

tion of extending his frontiers on the side of Bokhara or on the

side of Krasnovodsk. Notwithstanding the oft-repeated assurances

to the contrary, large annexations have been since made in Turco-

mania by the Russians, and these
,
proceedings, clearly indicating

the persistent prosecution of a concerted plan, have naturally tended
to disturb the harmonious relations which should subsist between
the two great civilizing powers of the East.

Settlements and Inhabited Centres.—Of towns or even

villages, fixed centres of habitation, there are none, ac-

cording to Mr O'Donovan, the latest European traveller

to Merv. The present political and military capital of

Merv is Koushid Khan Kala, a fort which serves rather as

a place of refuge against sudden attacks than as a habita-

tion. It is situated on the east bank of the most westerly

branch of the Murghab, about 25 miles below the dam at

Porsa Kala. In form it is oblong, measuring
1 J miles long

by I mile broad, is constructed entirely of earth, revetted

on the exterior slope with sun-dried brick ; the ramparts

are 40 feet high, and are 60 feet at the base. The fort is

built in a loop of the river, which protects it on two sides

;

between it and the river is an " obah," or nomad village of

huts and tents, some thousand in number, disposed in rows,

but there is no toAvn or settlement.

Twenty-five miles east of Koushid Khan Kala lie the

ruins of the Greek city of .Antiochia Margiana, showing

traces of a high civilization. According to Strabo (.xi. 3)

the Merv oasis at this period was surrounded with a wall

measuring 1500 stadia (185 miles). Mr O'Donovan found-

the trace of the fort of Iskander to have been quadrangular,

with a length of side of 900 yards. This was probably the

fort built by Ale.xander, about 328 B.C., on his return from

1 Concurrently with the consolidation of her position in Tuicomania,

Russia has of late been showing less military activity on the side of

her Turkestan district. It is prohable that her recent explorations at

tho sources of tho Oxus have demonstrated the impracticability of

directing any offensive movement against India from that side.

Henoe the line of strategical advance has been shifted from TashV-^nd

to Titli?
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Sogdiana after the capture of Bessus. The city was

i
destroyed in G66 a.d. by the Arabs, who built a new one,

afterwards known as Sultan Sanjar, about 1000 yards

away, and occupying an area, according to ilr O'Donovan,

of about 600 yards square. The towere are still extant,

and inside can be seen the ruins of a most elaborate tomb,

in which the supposed bones of Sultan Sanjar are enshrined.

It has always been a place of pilgrimage for the faithful.

Not far to the south-west lies the site of the last city of

Merv, that which existed up to a hundred years ago,

when it was laid waste by the Bokharians. It bears the

name of its gallant defender Bairara Ali.

These three ruins are all that remain of that which

flourished of yore as "sovereign of the universe.'

At the time of the visit of Burnes, Abbott, Shakespear,

and Taylour Thomson, about the fourth decade of the

century, Merv was under the jurisdiction of Khiva, and
the administrative centre was at Porsa Kala, where the

dam is situated. This place is now also a waste of mud
ruins, uninhabited.

Rivers.—The Heri-rud (or Tejend, as the river is

named below Sarakhs) runs a course of some 280 miles

within Afghan borders. On reaching the Persian fron-

tier it turns north and forces a channel through the

mountain chain near Sarakhs. Beyond Sarakhs the river

is Turcoman on both banks, runs close to the Khelat

mountains, and in the latitude of Askabad loses itself in

the marshes formed by the spring floods. It is probably

the Ochus of ancient geography, which watered Nissa, once

the capital of Parthia, and joined the Oxus just before

the latter river disembogued into the Caspian (Rennell's

Herodotus). The Tejend is fordable at all points below

Sarakhs except in the early spring after the melting of the

snows. On the road from ^leneh to Jlerv the river is

sluggish, 50 yards wide and 4 feet deep in February. The
river-bed is .sunk 12 to 15 feet below the level of the

surrounding country, and ha,s immense quantities of drift

wood on its banks ; trees and luxuriant herbage clothe the

immediate borders. At midsummer the river runs nearly

rlry, and does not reach Sarakhs. The Kashaf-rud, which
flows near ileshed, is one of its chief affluents.

The Murghab takes its rise in the northern slopes of the

Paropamisus, and runs parallel to the Heri-rud at a distance

of 70 miles from It. On this river lies the plain or oasis

of Slerv, irrigated by means of an elaborate system of dams
and canals cut from the main river. Beyond the limits

of the oa,sis the Mm-ghab " hides its streams in the sand,"

like the Tejend. The river at Porsa Kala (near the

principal dam) is 80 yards wide, at Koushid Khan Kala 30
to 40 yards wide. In summer it is much swollen by the

melting of the snow.s, and its stream is then barely fordable.

The water is yellow in colour from suspended matter.

Formerly a great deal of the country, now a waste,

between the two rivers was also cultivated by the agency
of water derived from canals cut from the Teiend. These
canals extended to Kucha Kum in the desert, rendering

the journey between the two rivers much easier than in the

present day. From the Murghab was also cut, among
others, the Kara-i-ab canal, which ran for a distance of 40
miles towards the Tejend. Piccent explorers affirm that there

is no reason why these canals should not be again filled-

from those rivers, when the intervening country, "an argil-

laceous expanse " (O'Donovan), would become culturable.

CommHincation.—iierv u suiToutnled on all sides by desert. On
tlic north, west, and east this desert is sandy and arid ; water is

e.xceedingly soaico, the wells being sometimes 60 or 70 miles apart,

and easily choked. To the south of Merv, between the rivers

Xliiighab and Tejend, thereare traces of past cultivation, of irrigating

canals, and of considerable settlements. Between the Tejend and
Askabad the road lies through a populous will-cultivated country
.Persian territory) by way of Kahka and Lutfabad.

There are no roads in Jlerv,—nothing but mere tracks. Many
wide and deep irrigating canals have to be crossed ; bridges are few
and bad. The inhabitants cross by iiillattrd skins.

The following tracks lead to the Pereian frontier from lleiT:-—fl)
via Slahmur or L'hungul to Lutfabad—eight days on camels; (2) via

Shahidii to Jkhna— 120 miles ; (3) via Shahidli to Fort Cherke^ldi
and Meahcd,—for 85 miles between the Muigliab and Tejend there

is scarcely any water; (4) via Sarakhs to Meshed, 9 or 10 marches
for camels, and, according to Petrusevitch, without water between
Merv and Sarakhs—120 iniles.

To the Afghan frontier lead (1; the track via Sarakhs and up tne
Heri-rud to Herat— fit for n coach, according to Sir Charles ilac-

Gregor and Mr Lessar • and (2) a practicable track, used by Abbott
and Shakespear, ap the Jlurghab and Kubhk rivei-s.

To the 0.XU3 in Bokharian territory lead several tracks, the
cnief of which is that to Charjui—nine marches for camels. Water
is scarce.

To Khiva by the direct track is 360 miles. Water is scarce.

fopulalioii.—The Turcomans, according to Sir Henry IJawlinson
and others, are descendants of the Ghuzor Komani, a race of Turks
who migrated westward from their homes in tlie Altai before the
Christian era, and penetrated even to the Danube. From sub-

sequent intermixture with Persian and Caucasian peoples, they
exhibit v.iriations from the {rue Tartar type. According to Baron
de Bode the Turcoman closely resembles both in appearance and
in speech the Nogai Tartar and the Tartar of Ka^san on the Volga.

They are an independent race, as wild and free as their native

desert, brave and very impatient of control— " Wild warriors in

stormy freedom bred" (Moore). They have a very evil reputation

for brigandage and murder, so much so that the Bokharians and
Khivans have a proverb— '* If you meet a viper and a ilervi, com-
meuce by killing the Mervi and then despatch the viper." Of late

years a change for the better has taken place, aud recent travellers

among them state that the Mervis show an inclination to lead a

more settled life and to establish an elementary form of government
(Medjli.ss), and that it is no longer accounted an honour among
them to kill their neighbours. Opium smoking and arrack drink-
ing are apparently widespread vices (O'Donovan); at the same time

they are described as clever and intelligent.

The Merv Tekkes (like the Akhal Tckkes) are classed in two great

divisions—the Toktamish and the Otamish. Each of these

divisions consists of two clans, and each clan is subdivided into

families. The two clans of the Toktamish are called Beg aud
Wakil ; those of the Otamish, Suchmuz and Bukshi. The clans of

Beg and Wakil are the most powerful, and occupy that part of the

oasis which lies on the right or east bank of the Murghab. The
Suchmuz and Bukshi have their tents on the left or west bank.

There is no machinery of government, and no taxes are levied.

Whatever government there be is of a patriarchal nature. Eacli

family has a kelkhotla (patriarch), who represents the family in

matters of policy, but can only act in accordance with the wishes

of the clan. Theaksakals, or grey beards, are also useful in settling

intertribal disputes, but they are tolerated only so long as they do

not act in opposition to the tribesmen. For external alfairs and in

time of war the kctkhodas exerci.se a certain amount of power. The
authority of kdkhodas and aksakah is, however, overriden by the

laws of custom or usage (dch) and the less respected laws of religion.

The injunctions of deb are paramount. It sanctions the alama'ii,

or plundering raid, and in general regulates the Turcoman's daily

life ; its prescriptions are more bindin" than those of the Koran.

The Tekkes marry young. The father purchases for his twelve-

year-old son a child-wife for 500 to 2000 krans (£20 to £80). A
young widow cf twenty-five is much more valuable, but a womau
over forty is not worth the price of a camel. On the conclusion o(

the bargain, the priest reads a prayer from the Koran, and the

marriage becomes valid.

The dress of the men consists of a long tunic of coarse crimson

silk reaching below the knees, with a white sash through which is

stuck a dagger ; an outer robe of brown camel-hair cloth, a huge

sheepskin hat, trousers and slippers or amber-coloured knee-boots,

complete the costume. Thewomen are exceeiUngly fond of trinkets,'

rings, and amulets, which i accompany their movements with a

sound as it were of bells. Their dress consists of the same red silk

robe as the men wear, with al sash round the waist, and high-heeled

boots, red or yellow.

The religion is Suni Mohammedan ; their language Jagatii or

Oriental Turk.
, ^ . ,

The numbers of Mer\' Tekkes on the Murghab and Tejend are

variously estimated, but may be stated approximately at 40,000

tents, including 5000 tents of the Salor tribe. These 40,000 tents

represent a population of 200,000 to 250,000 souls. The Salors and

Sariks at 'i'ulutan and Panjdeh, higher up the Murghab. are given

at 11,000 tents, or some 60,000 souls.

Products, Arts, and J/iijiw/nc^Hrc^.—'The country in an times has

beeu renowned throughout the East for its fertility. Strabo tells us

"that it was not uncommon to meet with a -vine whose stock could

hardly be clasped by two men with outstretched arms, whili'
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clusters of grapes might be gathered two cubits in Ungtli.'

'bn 11a
"" •

The
Arab traveller Ibn llaukal, writing in the 10th century, remarks

that " the fruits of Jlerv are finer than those of any otlier place, and

one cannot see in any other city such palaces with groves anJ

streams and gardens." A local proverb says, "Sow a grain to

reap a hundred." AH cereals and many f™''^ 6''°^^ '" S''^*''
abund-

ance.

The Turcomans possess a famous breed of horses,—not prepos-

sessing in appearance, being somewhat ler;gy and long in the back

and neck, but capable of accomplishing long distances--50 or 60

miles— for several J,iy3 in succession, and with very little food.

Their great peculiarity appears to be their hairlessness ; the coat is

very fine, the mane and tail very scantj". This breed of horses, as

well as the wealth of the Mcrv Tekkes in canaels and flocks, is fast

disappearing.

The Turcomans are noted as excellent workers in silver and as

armourers, and their carpets are superior to Persian. They also

make felts and a rough cloth of sheep's wool.

One of tlie chief occupations of the male sex is the repair of the

dams and tlie clearing of the canals, upon the efficiency of which

their existence is dependent. The services of a large number of

workmen are always held in readiness for the purpose. In 1878

the unusual mass of water in the Murghab carried away the dam,
and the drying up of some of the canals nearly led to a failure of

the crops.

Climate.—The position of Merv, in the midst of sandy deserts in

the heart of Asia, makes the climate in the heat of summer most

oppre-isive. The least wind raises clouds of fine sand and dust,

which fill the air, render it so opaquo as to obscure the noonday sun,

and make respiration diflBcult. In winter the climate is very fine.

Snow falls rai'ely, and melts at once.

History.—The name Jlenr, or some similar form, occurs at a

very early period in the history of the Aryau race. Under Mouru
wo find it mentioned with Baklidi (Balkh) in the geography of the

Zend Avcsta {I'endtdad, fargand i., ed. Spiegel), which dates prob-

ably from a period antei'ior to the comiuest of Bactria by the

Assyrians, and tlierefore at least one thousand two hundred years

before the Christian era. Under the name of Margu it occurs in the

cuneiform inscrijitions of Darius Hystaspis, where it is referred to as

forming part of one of the satrapies of the ancient Persian empire
{hiscriptioiics Bchistoiii, ed. Kossowicz). It afterwards became a pro-

vince [VlapyicL>i{\) of the Grieco-Syr.'an, Parthian, and Persian king-

doms. On the Margus—the Epardus of Arrian apd now the Mitfghab
—stood the capital of the district, Antiodiia Margiana, so called after

Antiochus Soter, who rebuUt the city founded by Alexander the

Great. About the 6th century, during the dynasty of the Sasa-

nids, Jlerv- was the seat of a Christian archbishopric of the

Nestorian Church, In the middle of the 7th century the flood of

Arab conr|ucst swept over the mountains of Persia to the deserts of

Central Asia. Mcrv was occupied 661) a.d. by the lieutenants of

the oliph Othman, and was constituted the capital of Kliorasan.

From tills city as tlioir base the Arabs, under Kuti-ibe bin Muslim,
early in the 8th century brought under subjection Balkh, Bokhara,
Ferghana, and Kashgaria, and penetiated into China as far as the
province of Xan-su. lu the latter part of the 8tli century Merv
Decame obnoxious to Islam as the centre of heretical propaganda
preached by Mokannah (Haschem ben Hakem), the " veiled

prophet of Khorasan," who claimed to be the incarnation of the
Deity. In 874 Arab rule in Central Asia came to an end. Dur-
ing their dominion Merv, like Samarkand and Bokhara, became
one of the great schools of science, and the celebrated historian
Yakut studied in its libraries. About 1037 the Seljukian Turks
crossed the Oxus from the north and raised Toghrul Beg, grandson
of Seljuk, to the throne of Pei-sia, founding the Seljukian dynasty,
with its capital at Kishapnr. A younger brother of Toghrul,
Daoud, took possession of Merv and Herat. Toghrul was succeeded
by the renowned Alp Arslaii (the great lion), whoso sway was so
vast that, according to tradition, no fewer than twelve hundred
kings, princes, and sons of kings and princes did homage before

,
his throne. Alp Arslan was bniied at Merv. It was about this

' time that Morv reached the zenith of her glory. During tlie reign
of Sultan Saiijar of the s.ime house, towards the middle of the 1 Uh
century, Merv was overrun by the Turcomans of Ghuz, and the
country was reduced to a state of misery and desolation. These
Turcomans, the ancestors of tlio present tribes of Turcomania,
were probably introduced iuto the country by the Seljukian Tuiks
as militiry colonists. They foi-mcd the van of their armies, and
rendered efficient service so long as the dynasty lasted, and after-
wards took part in the wars of Tamerlane.

In 1221 Jlorv opened its gates to Toulai, son of Jenghiz, khan
of the Mongoh, on which occasion the inhabitants, to the number
of 700,000, are said to have been bntclicred. From this time
forward Merv, which had been the chief city of Khorasan, and
was popularly supposed to contain a million inhabitants, com-
menced to languish in obscurity. In the early iiart of the 14th
century Merv was again the seat of a Christian archbishoiiric of the
Eastern t'huroh. On the death of the grandson of Jenghiz Khan

Merv became included in the possessions of Tnghluk Timur l^han

(Tamerlane), in 1380. lu 1505 the decayed city was occupied by

the Uzbeks, who five years later were exjiclled by Ismail Khan,
the founder of the Suffavoan dynasty of Persia. Merv thencefo'-

ward remained in the hands of Persia uiuil 1787, when it was
attacked and captured by the emir of Bokhara. Seven years

later the Bokhanans razed the city to the ground, broke down the

dams, and converted the district into a waste. Aboi^t 1790 the

Sarik Turcomans pitched their tents there. 'When Sir Alexander
Humes traversed the country in 1832, the Khivans were the rulers

of Merv, the iiortiad population being subject to them. About this

time the Tekke Turcomans, then living at Orazkala on the Heri-iud,

were forced to migrate northward in consequence of the pressure

from behind of the Persians. The Khivans contested the advance
of the Tekkes, but ultimately, about the year 1856, the latter be-

came the sovereign power in the country, and have ever eiuce

resisted all attempts at reconquest.

.Authorities.— Besides the standard traveh of Wolff, Fenler, Vambeiy, Burnea,
Abbott. MouravieEf, and others, the folhiwing works ar.d papers of move recent
date may be consulted with advantage :—Sir H. flawlinson's England and Hussiii

in the Sasl; O'Donovan'a coriespondence with tho Daily yeic$, 1890-81;
O'Dotiovan'a "'Mevv," Proc, Roy. Geog. Soc.\ Col. Stewart's "C'.un'ry of the

Telike Tuicomans." Proc. Roy. Oeog. Soc. witll excellent map ;
" 1 he New Rusao-

Pcrsian Fiontier, 1881, *• Proc. Roy. Geoff. Soc.; Gliard de Rtollt', i/fynotre stir

I'Asie Centrate; Sir I!. Rawlinson, "Road to Merv," Proc. Roy. Geog. Soc;
Col. Baker's Clouds in the East ; Captain Napier's '• Reports," Jour. Roy. Oeog.

Soc; Iluttpn's Central Asia; Man-ins iterr; Col Potto's Steppe Campaigvt;
Sli- Chariea MncGregoi's Journey through Khorassan ; Boulger'a England and
Russia in Central Asia ; Captain Butler's Comniunicalions to the Public Press ;

Lcssar's " JoutneySy" Proc. Roy. Geog. Soc. ; 0'Douo\ai\'& ilerv Oasis; Papers on
tlie Turcomans, ic, by Col. Petrusevitch, Proc. Jnip. f.uss. Geog. Soc, Caucasus
section; Col. Grcdekoff's Journey from Tashkend to Persia. 1880; Captain
Kuropatkln's Turcomania. ISSO ; Col, Veniukoffs Progress of Russia in Central

Asia, 1877, ami otlier papers by the same authoi-; Cul. Kostenko's "luikestan,"
Jour. R. U. S Instn.; Schuyler's Turkistan; coirebpoiidence on Central Asia pre-

8e.it*d to parliament, &c (F. C. H. C.V

MfiRYON, Charles (1821-1868). ' The name of

M^ryon is associated with that spirited revival of etching

in France -u'liich took place in the middle of the 19th

century,—say from 1850 to 1865,—but it is rather by the

individuality of his own achievements, and the strength of

his artistic nature, than by the influence he exercised that

M^ryon best deserves fame. No doubt his work encouraged

others to employ the same medium of expression, and so

great wa.? his own perfection of technique that he may well

have been made a model ; but, after all, the medium he

selected, and in which he excelled, was but the accident of

his art ; he was driven to it in part by stress of circum-

stances—by colour blindness ; and, even with colour blind-

ness, his extraordinary certainty of hand and his delicate

perception of light, aided by his potent imagination, would

have made him a great draughtsman not alone upon the

copper.

Charles M^ryon 'was born in Paris in 1821. His father

'was an English physician, his mother a French dancer.

It was to his mother's care that M^ryon's childhood 'was

confided. She was supplied with money, and she gave the

boy passionate affection, if not a wise training. But she

died when he was still very young, and Mdryon in due

time entered the French navy, and in the corvette "Le
Rhin " made the voyage round the world. He was already

a draughtsman, for on the coast of New Zealand he made
pencil drawings which lie was able to employ, years after-

n-ards, as studies for etdiings of the landscape of those

regions. The artistic instinct developed, and, 'while he

was yet a lieutenant, M^ryon left the navy. Finding that

he v/as colour-blind, Mdryon determined to devote himself

to etching. He entered the work-room of one Bl^y, from
whom he learnt something of technical matters, and to

whom he always remained grateful. M^ryon was by this

time poor. It is said that he miglit have had assistance

from his kindred, but he was too proud to ask it. And
thus he was reduced to the need of executing for the sake

of daily bread much work that was wholly mechanical and
irksome. Resolutely, though un'willingly, he became the

hack of his art, doing frequently, from the day when ho

was first a master of it to the day when insanity disabled

him, many dull commissions which paid ill, but paid better

than his original works. Among learner's work, done for

his own advantage, are to be counted some studies after the
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Dutch etchers such as Zeeman and Adrian van de Velde.

Having proved himself a surprising copyist, he proceeded

to labour of his own, and began that series of etchings

which are the greatest embodiments of his greatest con-

ceptions—the series called " Eaux-fortes sur Paris." These

plates, executed from 1850 to 1854, are never to be met

with as a set ; they were never expressly published as a

set. But they none the less constituted in M6ryon's mind

an harmonious series. For him their likenesses and their

contrasts were alike studied ; they had a beginning and an

end ; and their differences were lost in their unity.

Besides the twenty-two etchings " sur Paris " character-

ized below, Mdryon did seventy-two etchings of one sort

and another,—ninety-four in all being catalogued in

Wedmore's Meryon and Meryon's, Park ; but these include

the works of his apprenticeship and of his decline, adroit

copies in which his best success was in the sinking of his

own individuality, and dull and wortliless portraits chiefly

of forgotten celebrities. Yet among the seventy-two prints

outside his professed series there are at least a dozen that

will aid his fame. Three or four beautiful etchings of

Paris do not belong to the series at all. Two or three

etchings, again, are devoted to the illustration of

Boufges, a city in which the old wooden houses were

as attractive to him for their own sakes as were the stone-

built monuments of Paris. But generally it was when

Paris engaged him that he succeeded the most. He
would have done more work, however,—though he could

hardly have dbne better work,—if the material difficulties

of his life had not pressed upon him and shortened his

days. He was a bachelor, unhappy in love, and yet, it is

related, almost as constantly occupied with love as with

work. The depth of his imagination and the surprising

mastery which he achieved almost from the beginning in

the technicalities of his craft were appreciated only by a

few artists, critics, and connoisseurs, and he could not sell

his etchings, or could sell them only for about lOd. a piece.

The fact that his own original work was of incalculably

greater value than his best copies of his most celebrated

forerunners had not yet impressed itself upon anybody.

Disappointment told upon him, and, frugal as was his way
of life, poverty must have told on him. He became subject

to hallucinations. Enemies, he said, waited for him at the

corners of the streets ; his few friends robbed him or owed
him that which they would never pay. A very few years

after the completion of his Paris series, he was lodged in

the madhouse of Charenton. Its order and care restored

him for a while to health, and he came out and did a little

more work, but at bottom he was exhausted. In 1867
he" returned to his asylum, and died therein 1868. In the

middle years of his life, just before he was placed under con-

finement, he was much associated with Bracquemond and
Avith Flameng,—skilled practitioners of etching, while he
Avas himself an undeniable genius,—and the best of the

portraits we have of him is that one by Bracquemond
under which the sitter wrote that it represented " the

sombre M6ryon with the grotesque visage." And it did.

There are twenty-two pieces in tlie Eaux-fortes sur Paris. Some
of them are insignificant. That is because ten out of the twenty-'

two were destined as headpiece, tailpiece, or running commentary
on some move important plate. But each has its value, and certain

of the smaller pieces throw'great light on the aim of the entire set.

Thus, one little plate—not a picture at all— is devoted to the record

of verses made by llcryon, the purpose of which is to lament the life

of Paris. The misery and poverty of the town Jleryon had to illus-

trate, as well as its splendour. The art of Mciyon is conjpletely

misconceived when his etchiiigsare spoken of asviewsof Paris. They
are often "views," but they are so just so far as is compatible with
tljeir being likewise the visions of a poet and the compositions of an
artist. It was an epic of Paris that Jleryon determined to make,
coloured strongly by his personal sentiment, and affected hero and
tb€Ve by the occurrences of the moment,—in more than one case, for

instance, be hurried with particular affection to etch his inipressiou

of some old-world building which was on the point of destmction.

Nearly every etching in the series is an instance of technical skill,

but even the technical skill is exercised most happily in those etch-

ings which have the advantage of impressive subjects, and which

tlie collector willingly cherishes for their mysterious suggcstiveness

or for their pure beauty. Of these, the Abside de Notre Dame ;>:

the general favourite ; it is commonly held to be Meryou's niast<;r-

piece. Liglit and shade play wonderfully over the great fabric of

the church, seen over the spaces of the river. As a diauglitsman of

architecture, Xleryon was complete ; his sympathy with its various

styles was broad, aud his work on its various styles unbiassed and

of equal perfection—a point in which it is curious to contrast him
with Turner, who, in drawing Gothic, often drew it with want of

appreciation. It is evident that architecture must enter largely

into any representation of a city, however much such representation

may be a vision, and however little a chronicle Besides, the archi-

tectural portion even of Meryou's labour is but indirectly imagina-

tive ; to the imagination he has given freer play in his dealings with

the figure, whether the people of the street or of the river or the

people who, when he is most frankly or even wildly symbolical,

crowd the sky. Generally speaking, his figures are, as regards

draughtsmanship, "landscape-painter's figures." They are drawn
more with an eye to grace than to correctness. But they are not

"landscape-painter's figures" at all when what we are concerned

with is not the method of their representation but the purpose of

their introduction. They aie seen then to be in exceptional accord

with the sentiment of the .scene. Sometimes, as in the case of La
Morgue, it is they who tell the story of the picture. .Sometimes, as

in the case of La Rue des Mauvais Carbons,—with the two pa.ssing

women bent together in secret converse,—they at least suggest it.

And sometimes, as in L'Arche du Pont Notre Dame, it is their

expressive gesture and eager action that give vitality and animation

to the scene. Dealing perfectly with architecture, and perfectly, as

far as concerned his peculiar purpose, with humanity in his art,

Meryon was little called upon by the character of his subjects to

deal with Nature. He drew trees but badly, never representing

foliage happily, either in detail or in mass. But to render the char-

acteristics of the city, it was necessary that he should know how to

pourtray a certain kind of water—river-water, mostly sluggish—and
a certain kind of sky—the grey obscured and lower sky that broods

over a world of roof and chimney. This water and this sky Meryon
is thoroughly master of ; he notes with observant affection their

changes in all lights.

Meryou's excellent draughtmanship, and his keen appreciation ol

light, shade, and tone, were, of course, helps to his becoming agreat

etcher. But a living authority, himself an eminent etcher, and
admiring Meryon thoroughly, has called Meryon by preference a
great original engraver,—so little of Meryou's work accords with Mr
Haden's view of etching. Meryon was anything but a brilliant

sketcher ; and, if an artist's success in etching is to be gauged chiefly

by the rapidity with which he records an impression, Jleryon's suc-

cess was not great. There can be no doubt that his work was
laborious and deliberate, instead of swift and impulsive, and that ol

some other virtues of the etcher— '

' selection " and '

' abstraction " as

Mr Hamerton has defined them—he shows small trace. But a

genius like Meryon is a law unto himself, or rather in his practice

of his art he makes the laws by which that art and he are to be

judged. He was a great etcher, and by his most elaborate labooi

he seemed somehow to ensure the more completely for his pictnr«

that virtue of unity of impression which, it may well be admitted,

oftener belongs to rapid than to deliberate work. In Meryon's

etchings the hand-work never seems to be in arrear of the thought.

As long as the hand-work must continue, the thought and passion

are retained. Meryon knows the secrets of his craft as well as did

the older masters of it ; but he turns them to his own purposes.

He is unexcelled in strength and in precision, nor is he often

rivalled in delicacy. These q\ialities, and others more distinctly

technical, which it would lake too long to insist on here, students

find in his etchings. But the incommunicable charm of Meryon's

prints aud their lasting fascination are due to the fact that, behind

all technical qualities, and as their veiy source and spring, there

lies the potent imagination of the artist, poetical and vivid, direct-

ing him what to see in his subject, aud how to see it. (F. WE.)

MESCHERYAKS, or Me.schers, a people inhabiting

eastern Russia. Nestor regarded them as Finns, and

even now part of the Mordvinians (of Finnish origin)

call themselves Meschers. Klaproth, on the other hand,

supposed they were a mixture of Finns and Turks, and the

Hungarian traveller Reguli discovered that the Tartarized

Meschers of the Obi closely resembled Hungarians. They

formerly occupied the basin of the Oka (where the town

Meschersk, now Meschovsk, has maintained their name)

and of the Sura, extending north-east to the Volga. After

the conquest i of the Kazan 'empire by Russia, part of
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them migrated north-eastvards to the basins of the Kama
and Byelaj-a, and thus the Meschers divided into two

branches. The western branch became Russified, so that

the Mescheryaks of the governments of Penza, Ssratoff,

Ryazan, and Vladimir have adopted the customs, language,

and religion^ of the conquering race; but their ethnogra-

phical characteristics can be easily distinguished in the

Russian population of the governments of Penza and

Tamboff. The eastern branch has taken on the customs,

language, and religion of Bashkirs, with whom their fusion

is still more complete. ' They can be distinguished from

their neighbours only by their more peaceful character.

This Bashkir-Mescheryak branch was estimated by Rittich

in 1875 to number 138,000. They make 6 per cent, of

the population of the government of Upa, and 22 per

cent, in the district of Birsk. The number of the western

Mescheryaks is unkno^-n, and could hardly be estimated on

account of their mixture with Russians. It is only in the

governmeritof Penza that theyhavemaintained their national

features ; there they make 3 per cent, of the population.

MESCHOVSK, a district town' of Russia, in the govern-

ment of Kaluga, 45 miles to the south-west of the capital

of the province. It is an old town supposed to date from

the 13th century, and it is often mentioned in Russian

annals under the names of Mezetsk, Mezechevsk, or

Meschorsk. About the end of the 14 th century it was

embraced in Lithuania, and it was ceded to the JIoscow
" great principality " in 1 494. It was often pillaged by Tar-

tars in the 16th century, and during the great disturbances

of 1610 all its- inhabitants were killed by the Zaporoghi

Cossacka, and the fort was taken by Poles, who returned it

to Russia only after the treaty of Deulm. The country

round Meschovsk is not fertUe ; but, from its position on

eld established routes to the south, the town has become

a centre of considerable trade. Its annual fair, which

takes plax;e on the grounds of the very old Petrovsk

monastery, is important to the surrounding districts for

the export sale of horses, grain, hemp, hempseed oil, and

coarse linen, and for the import trade in cottons, woollens,

and earthen and glass wares, the whole turn-over reaching

about XI 00,000. Population, 7400.

MESHED (properly Jlesh-hed, . i.e., " place of martyr-

dom," " shrine "), a city of northern Persia, capital of

KhordsAn, 472 miles east of Tehrdn, 201 miles north-west

of Herat, 36° 17' 40" N., 52° 35' 29" E., lies on a plain

watered by fhe Keshaf-riid, a tributary of the Herl-riid, and

is surrounded by mud walls 4 miles in circumference, with

a dry ditch 40 feet deep at some points, which could be

flooded from the neighbouring reservoir and watercourses.

Within this enclosure is a strong citadel, with good walls 25

feet high, residence of the prince governor of KhorAsAn.

There are five gates, from one of which, the Bala Khiabdn,

the KhlabAn main street runs right through the city, form-

ing a fine boulevard planted with plane and mulberry trees,

and with a stream of dirty water running do\\Ti its whole

length. In the centre is an open parallelogram 1 60 yards

by 75, encircled by double-storied cloisters, and pierced on

the long side by a high arched porch leading directly to

the great mosque, whose gilded dome rises above the shrine

of the famous ImAm RizA.* The marble tomb of the saint,

' "AH Eiza (or el-Ridi), the eighth imam of the .Shi'a, is the 'Ali ibn

Miisa from whom the party of Alides had such ho]ies under the

caliphate of Mamun (see Moh.\mmedanism). He 'died at Tiis,

818 A.D., and was buried by Mami'in's orders in the vicinity of tliat

town beside the grave of Hdrun el-Ra«hid. To the Alides he was a

martyr, being believed to have been poisoned by the caliph. Ibn Batiita,

who describes both shrines (iii. 77 sy. ), tells how the pious visitors

to the shrine of- 'AH ibn Musa used to spurn with their feet the tomb
of Rashid. In his time a considerable town hatl been formed around

the shrine under the name of Meshhcd el-Ridi and ultimately the

now town eclipsed the older city of Tus.

which is the most venerated spot in the whole of Persia,

and yeaily visited by from 80,000 to 100,000 pilgrims, is

stirrounded by a silver railing, and approached by a flight

of inlaid marble steps. Eastwick, the only European before
O'Donovan who penetrated as far as the parallelogram,

describes the mosque as large enough to contain three

thousand people. It is flanked by two gilded minaret's
one of which, 120 feet high, is extremely beautiful, with
an exquisitely carved capital, built by ShAh Abbds. The
facade is entirely covered with blue and white enamelled
tiles. To the mosque are attached as many as two thousand
attendants and retainers of all sorts, including no less thau
five hundred mollahs. Beyond the dome is Gauhar Shih's
handsome mosque, surmounted by an immense blue dome,
and also flanked by two minarets. In the main street

is a public kitchen supported by the enormous revenues
of the sbrine, where eight 'hundred devotees are daily

siipplied with food gratuitously. The only other notable

buildings in the place are some colleges and twenty-

two caravanserais, one of which is of great size. Heshed
does a considerable local and transit trade to the yearly

value of about 600,000 tomAns, and its bazaars are always

well stocked with silks, velvets, felts, cottons, shawls,

carpets, lacquer work, lambskins, hardware", glass, chica,

and other goods from South Persia, India, Turkestan, and

Russia. The European trade is now entirely controlled by

Russia, and European manufactured articles are mostly all

from that country. The chief manufactures are silk; satin,

velvet, and checked-cotton fabrics, carpets, shawls, noted

sword blades, shagreen, and turquois jewellery. Within

the enclosures are extensive cemeteries far exceeding the

local requirements, large numbers of the faithful being

brought from all parts of the Shf'a world to be buried in

the vicinity pf RizA's shrine under the belief that thfeir

eternal salvation is thereby ensured.

Some 10' miles west of Meshed is a powder factory, formerly

under Colonel Dolraage, where powder of excellent quality is pro-

duced. The district, although fertile, does not produce sufficient

for the inhabitants, so that much grain haa to be imported from
Kurdistan and Nishapilr. The climate is very severe in winter, with

much snow ; in summer it is less sultry than might be expected,

the temperature ranging from 76° F. to 90° or 92° P., and in excep-

tional years 94° to 98° F. The population is variously estimated at

from 45,000 (Connolly) and 60;000 (Ferrier) to 30, 000 and 100,000

(Eastwick). The settled residents, exclusive of pilgrims and foreign

traders, are estimated by O'Donovan at 50,000.

The main caravan routes from Khiva, Bokhara, Samarkand, "and
Herat converge at Meshed, whence lines of traffic radiate to Kuchau
for the Atrek valley and the Casjiian, to Xishipur and Bostara foi

Tehran, to Tabas for Isfahdn, to Khaf for Sistan and Kirraan. Il

tlius occupies a position in north-eastern Persia analogous to thai

of Tabriz in the north-west.

MESHED-ALI, i.e., the shrine of the "martyr" All, i»

a town of Asiatic Turkey, province of Baghdad, 50 miles

south of Kerbela, close to the ruins of Kiifa, and 2 miles

west of the Hindfye branch of the Euphrates, the reputed

burial-place of the caliph Ali.'' It stands on the east

scarp of the Syrian desert, and is enclosed by nearly square

brick walls flanked by massive round towers dating from

the time of the caliphs. Under the gilded dome of the

great mosque, which occupies the centre of the town, is the

shrine of Ali^ which is held by the Shi'a as at . least as

holy as the Kaaba itself. Any Moslem buried within

sight of the dome being certain of salvation, large numbers

of bodies are'^j^early sent from all parts for interment here.

Besides the mosque with its richly decorated facade, the

only noteworthy building is a good bazaar supplied from

Baghdad and Basra. The to\\'n itself, which Lady Ann*

' Whether the place really contains the grave of Ali was long

disputed, and the story given in defence of its claims is doubtless

apocrj^hal. The dome was built under the Abbasids, and the resttng-

place of the caliph unkno\™ or concealed under the Oniayyads (Ibu

Haukal, p. 1§3).
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Blunt describes as "an ideal Eastern city, standing in an
absolute desert, and bare of all surroundings but its tombs,"

consists of narrow gloomy streets lined by houses closely

packed together. The locality is properly named Najaf,

and gives its name to the 'neighbouring lake, a largo

depression filled by an eruption of the river, and ranging

from 6 to 20 feet in depth. The accumulated treasures

of the shrine were carried off by the WahhAbites when they

captured this place early in the present century. The
population is estimated at 7000, including several Indian

Mohammedans under the protection of the British resident

at Baghdad.

The aspect of the shrine in the 1 4th century is describej by Ibn
Batata, i 414 sq. A plan of the town and description of its

splehdour before the Wahhibites pillaged it is given by Niebuhr.
See also Ibn Jubair, p. 214 ; P. Teixeira, Itin., cap. iv.

MESHED HOSEIN, properly Meshhed Hosein. See

Kerbela, vol. xiv. p. 48.

MESMER, MESMERISM. See vol xv p. 277.

MESOPOTAMIA, the " country between the rivers," is a

purely geographical expression, the countries which it com-

prehends never having formed a self-contained politicaJ

unity.i It was first introduced by the Greeks at or after

the time of Alexander, but probably had its origin in the

earlier Aramsean name beth nahrln (the country between the

rivers), to which again corresponds the Biblical Aram Naha-
ruyim.'^ As early as 700 B.C. " the country of two rivers

"

is mentioned on the Egyptian monuments under the name
Naharina, but no such designation appears in the cunei-

form inscriptions (though the territory formed part of the

Assyrian as it afterwtrds did of the Persian empire). The
most settled period in the history of Mesopotamia was

[irobably under Persian-Greek rule. Xenophon applies

the name Syria to the extremely fertile district which he

traversed after having crossed the Euphrates at Thapsacus.

The country beyond the Araxes (Chaboras ?) he caUs Arabia,

—a desert region in which his army had to suffer great

hardships until it reached the "gates of Arabia." Even
in later times Mesopotamia was included under the name
Assyria, or was reckoned part of Babylonia.

These statements of Xenophon already indicate a

demarcation of the territory afterwards caUed Mesopotamia,

as well as its division into two sections. The fertile

portion, inhabited by agricultural Aramaeans, stretched

from the Euphrates to the Chaboras ; the desert portion,

the home of wandering tribes, extended to the Tigris. It

would be rash, however, to conclude from this that

Mesopotamia designated the whole territory between the

Euphrates and Tigris; indeed it is -possible that Aram
Naharayim, the Aram of the country of the two rivers,

originally meant only the main portion of the fertile country

inhabited by Syrians. In this case the two boundary
rivers must have been, not the Euphrates and the Tigris,

but the Euphrates and the Chaboras. After the final

occupation of the country by the Romans (156 a.d.), the

political province of Mesopotamia was practically confined

to this more limited district. Though in ordinary usage

the Euphrates and Tigris are considered as the two rivers

which bound Mesopotamia, the one bank of the river

cannot be geographically separated from the other, and
consequently narrow strips of country on the right bank
of the Euphrates and on the left bank of the Tigris must
be reckoned to the coulitry " between " the rivers. On
the other hand, the. country between the sources of the

Euphrates and the Tigris has from early times been

' MecoTOTo/iia, more exactly tj fiea-rj ruv iroTa/ioii', scil. x^P^
or ^vpicL

' In tlie more recent parts of Genesis Padan Aram taken the plare

of Aram Naharayini. But this perhaps is the name of" « Bmaller rtiRt.rirt

in the neigV "^urhood of HArran.

reckoned not to Mesopotamia but to Armenia, In this

direction the Masius fttnge forms the proper boundary, and
it is only on rare occasions that theoretical geographers

extend the name Mesopotamia over the more northern

districts, Sophene, &c. Purely theoretical too, and not to

bo approved, is the extension of the definition so as to

include the land of Babylonia ('.Irik 'Arabi), that is, the

country as far south as the confluence of the Euphrates
and Tigris, or even as far as their fimbouchure in the

Persian Gulf.

From what has been said it appears that Mesopotamia
reaches its northern limitsat the points where theEuphrates
(q.v-) and the Tigris break through the mountain range and
enter the lowlands. In the case of the Euphrates this

takes place at SumeisAt (Samosata), in that of the Tigris

near Jezlret ibn 'Omar (Bezabdd) and Mosul (Nineveh).

Consequently the irregular northern boundaries are marked
by the lowland limits of those spurs of the Taurus mountains
known in antiquity as Mons Masius and now as Karajc
DAgh and Tur 'Abdin. Towards the south the ancient

boundary was the so-called Median Wall, which, near
Pirux Shapur, not much to the south of Hit (the ancient

Is), crossed from the Euphrates in the direction of Kadisiya
(Opis) to the Tigris. There the two rivers approach each
other, to diverge again lower down. At the same place

begins the network of canals connecting the two rivers

which rendered the country of Babylonia one of the richest

in the world ; there too, in a geological sense, the higher

portion of the plain, consisting of strata of gypsum and
marl, comes to an end ; there at one time ran the line of

the sea-coast ; and there begin those alluvial formations

with which the mighty rivers in the course of long ages

have fUled up this depressed area, ilesopotamia thus

forms a triangle lying in the north-west and south-east

direction, with its long sides towards the north and south-

west. It extends from 37° 30' to about 33° N. lat. and
from 38° to 46° E. long., and has an area of some 55,200
square miles. The points at which the rivers issue from

among the mountains have an absolute altitude of between

1000 and 1150 feet, and the plain sinks rapidly towards

the southern extremity of Mesopotamia, where it i^ not more
than about 165 feet above the sea. As a whole the entire

country consists of a single open stretch, save that in the>

north there are some branches of the Taurus—the Ximnid
DAgh near OrfA, the long limestone range of 'Abd-erAzl/,

running north-north-west, and farther to the east the Sinjar

range, also of limestone, 7 miles broad and 50 miles long,

running north-north-east. Between these two ranges—near

the isolated basaltic hill of Tell K6kab (Hill of Stars —runs

the defile by which the waters of the Chaboras, swollen

by the Jaghjagha and other affluents from the Masiu?, find

their way into the heart of Mesopotamia. The KhAbilr

proper, the ancient Chaboras, which rises in thp three-

hundred copious fountains of RAs- ain (the ancient Rho.ana),

and ultimately falls into the Euphrates near Karkisiya

(Circesium), forms the boundary between the two, or more

correctly the three, great divisions of Mesopotamia. These

divisions are (1) the northern country to tho west of th>.

KhAbilr, (2) the northern country to the east, and (3) the

steppe-land. In the country to the north-west of the

KhAbilr we must probably, as already mentioned, ri cognize

the true ancient Aram Naharayim. Under the dominion

of the Seleucids it bore the name of Osrhoene, or better

Orrhoene, and was for a time the seat of a special djTiasty

which at a later date at any rate was Arabian (Abgar).

The capital of this kingdom was Orfa (Roha),. the Edcsi^a

of the Greeks and Romans, the Orrhoi of the Sj-rians ; it

was at a later date a Roman colony, and bore also the namp
of Ju.stinopolis. This once flourishing city hcs on the small

rivor Daisan ^the ancient Scirtus). South of Edcssa lie
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the ruins of Haeran (see vol. xi. p. 454). In the Mongolian

period Harran fell into deca)'i and at present it is a mere
heap of ruins. A third town of this region is Serug

(Gen. xi. 20) ; in the Greek period it was called Batne, but

the Syrians retained the name Serug, which is still in use

(Seruj). The town lies between Harran and the Euphrates,

in a plain to which it gives its name. On the left bank of

the Eupiirates lay Apamea (the modern Birejik), connected

with Zeugma on the other side by a bridge, and farther

south, at the mouth of the Bilechas (modern Belik),

was the trading town and fortress Nicephorium, founded

by command of Alexander, and completed by Seleucus

Nicator, in memory of whose victory it was named.

From the emperor Leo it received the designation Leonto-

polis. The spot is now known as Rakka (see below).

Farther up the fruitful valley of the Belik lay the town of

Ichnse (Chne). Farther south lay Circesium (Ckaboras of

Ptolemy, Phaleg of Isidor), not to be identified, as is usually

assumed, with Carchemish ; from the time of Diocletian

it was strongly fortified. The site is at present occupied

by a wretched place of the name KarkisiyA. Carchemish
probably lay near the bridge of Merabij, the present

Kalat el-^'ejm.

In ancient times a highly flourishing district must have
stretched along the river Chaboras (KhAbur) to its principal

source at EAs-'ain ("lountain-head," Syr. RlsKaina, the

Rhesaena of Ptolemy), a town which was for some time called

Theodosiopolis, because after 380 a.d. it was extended and
embeUished by Theodosius. Justiniau. fortified it. The
strip of completely desert country which now stretches along

the lower course of the KhAbiir was caOed in antiquity

Gauzanitis, and corresponds to the Gozan of 2 Kings xviii.

6 (Guzana or Guzanu in the cuneiform inscriptions).

• The country to the east of the upper KhAbur is in many
respects similar to that which has just been described." As
the watershed of the Tigris is not far distant, the Jfasius

range sends down into Mesopotamia only insignificant

streams, the most important being the Hermas, the

Mygdonius of the Greeks. On its banks -.was situated

Nisibis, the chief city of the district, which commanded
the great road at the foot of the mountains leading

through the steppe, which here from the scarcity of water

comes close up to the edge of .the hills. In the old

Assyrian empire Nasibina was the seat of one of the four

great-administrative officials. In the time of the Seleucids

the site was occupied by the flourishing Greek colony -of

Antiochia Mygdonia ; but the new designation, transferred

to the river and the vicinity of Nisibis from the Mace-
donian district of Mygdonia, afterwards passed out of use.

Nisibis was an important trading city, and played a great

part in the wars of the Romans against the Persians.

Captured by Lucullus, surrendered by Tigranes, recovered

by Trajan, again abandoned by Hadrian, once more occu-

pied under Lucius Verus, and strongly fortified by Severus,

it was at length raised to be the capital of the province,

and remained tlie- frontier fortress of the Romans till in

the time of Jovian it was ceded to the Persians. After

the loss of Nisibis the emperor Anastasius in 507
founded to the porth-west the fortress of Darre or Daras
(the modern DArA), also called Anastasiopolis, which froni

the reign of Justinian, who increased its strength, remained
for a time the residence of the dux Mesopotamim. Besides

these strongholds, many fortified posts were established

by the Byzantine empire in this district. Antoninopolis
must be mentioned as an important to\^-n ; this was
refortified by Constantine under the name of Constantia,

and has left its ruins near Tela between Harran and Nisibis.

Mardin too was a fortress of a similar kind, and the town
of Singara, at the southern foot of the mountain of the

same name, was an advanced post of the Roman power.

The south or steppe portion of Mesopotamia was from
early times the roaming-groiind of Arabic tribes ; for

Xenophon gives the name of Arabia to the district on the

left bank of the Euphrates to the west, of the KhAbiir;

and elsewhere it is frequently stated that the interior at a
distance from the rivers was a steppe inhabited by Arabes
Scenitse (Tent Arabs). Along the bank of the two great

rivers ran a belt of cultivated country, and the rocky
islands of the Euphrates were also occupied by a s^ttl.id

population. On the Euphrates, beginning towards tie

north, we must mention first Zaitah or Zautha, south-east

of Circesium; next Corsothe, at the mouth of the Mascash;
tlien Anatho or Anathan, the modern Ana ; and finally

Is (Hit). On the Tigris the point of most importance is

Carnse (Kauai of the Anabasis), south from the mouth of

the Great Zab near the present Kal'at SherkAt ; and not

far distant towards the interior was Atrae or Hatrae, also

called Hatra, the chief towii of the Arab tribe of the Atreni.

It was besieged without success by Trajan and Severus

;

by the 4th century it was already destroyed ; but the

interesting ruins, which can scarcely be visited owng to

the plundering habits of the Bedouins, still bear the name
of El-Hadhr. They lie in the heart of the steppe, and
were formerly well supplied with water.

All these districts came in 640 a.d., or perhaps a little

earlier, into the power of the Arabs, who named tbiem

Jezira (island) or Jezlret Akiir,' and divided them according

to tribes into three portions, the land of Bekr; of Rebfa,

and of Modhar. The district of Modhar ran' along the

side of the Euphrates, and its chief towns' were Orfa and
Rakka ; the district of Rebi'a comprised the plain of

Mosul as far as the country on the Khdbiir (chief towns

JIosul and Nisibis), and the district of Bekr (DiyAr Bekr)

the more mountainous country to the west of the upper

Tigris (chief town Amid or Diarbekr). In general the

Arabs consider a part of the mountain territories which lie

between the two rivers to belong to Jezira, as is best seen

from the following notice given by Abulfeda:

—

"El-Jezi'ra is tlie l.ind between the Tigris and the Euphrates, yet

many places on the other side of the Euphrates, which properly

belong to Syria, are also included, as well as places and even dis-

tricts on the east side ot the Tigris. The exact boundary line thus

runs from Malatia by Sumeisat, Kal'at er-Riim (Rum-Kala of tha

maps), and Eire (Birejik) to the point opposite Membij, and then
by Balis, Er-Rakka, Karkisiya, Er-Rahaba (on right bank), and
Hit to Anbar. Here the Euphrates ceases to form the boundary,
which runs across to the Tigiis in the direction of Tekrit, and
ascends the Tigris as far as £s-Sinu (Senna) to'El-Haditha aid
Mosul, thence to Jeziret ibn 'Omar, thon to Diarbekr. and so back to

Malatia."

Froni the Arabic geographers and travellers we gain the

impression that a great part of Mesopotamia, with the ex-

ception of the southern steppe of course, Ynust at that time

have been in a very flourishing condition ; the neighbourhood

of Nisibis especially is celebrated as a very paradise. In

fact it is only since the Turkish conquest of the country

under Sultan Selim in 1515 that it has turned into a desert

and gradually lost its fertility. As the nomadic Arabs
have continually extended their encroachments, agriculture

has been forced to withdraw into tlie mountains ; and this

is especially true of the western portions of Mesopotamia,

the district of RA.s-ain, and the plain of Harran and Seruj,

where huge mounds give evidence that the whole country

was once covered with towns, and villages. Under the

Turks El-Jezfra does not form a political unity, but be-

longs to different pashaliks.

From this brief survey it appears that Mesopotamia, fifce

Syria, constitutes an intermediate territory between the

great eastern and western monarchies,—Syria incllDing

> Philostratus (c. 200 a.d.) already reports that the Arabs called

Mesopotamia ^^(tos.
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more to tUs west, and Mesopotamia to the east. In

virtue of its position it frequently formed both the object

and the scene of contest between the armies of those

mighty monarchies, and it is wonderful how a country so

often devastated almost always recovered. The roads, it is

true, which traversed the territory were not mere military

highways, but the main routes of traffic for Central Asia,

Western Asia, and Europe. It is only in modern times,

and since these lines of commercial intercourse have

ceased to be followed, that the general condition of things

has been so entirely altered.

The number of roads which in ancient times traversed

the country was very considerable ; the Euphrates formed

not a barrier but a bond between the nations on either

side ; at many places there were at least boat-bridges

(zeugma) across. One of the most important of the

ancient crossing-places must be sought, where in fact it still

exists, at Birejik, the ancient Apamea-Zeugma. From this

point a great road led across to Edessa (Orfa) ; there it

divided into two branches, the northern going by Amid
(Uiarbekr) and the other by Mardin and Nisibis to Mosul
(Nineveh). In quite recent times, in order to avoid, the

direct route across the desert and through the midst of the

Bedouins, the post-road makes a great circuit from N'.sibis

by Jezlret ibn'Omar to !M~osul. A second route crassed

the Euphrates somewhat more to the south, and joined the

other via Harran and Khessena. The principal crossing

of the earlier times (Xenophon) was at Thapsacus, almost

opposite Rakka; and it will be remembered also how
important a part Thapsacus (Tipbsah) plays in the Old
Testament. Sometimes a route along the Euphrates to

Babylonia was followed, as is still frequently done by
caravans at the present day ; but even in ancient times

this course was attended by more or less difficulty, the

country being occupied by the chiefs of independent

Arab tribes, with whom the travellers had to come to

terms.

The ancient condition of things must consequently be
considered as essentially analogous to that of the present

day ; the central districts away from the rivers were occu-

pied at certain seasons, according as they yielded pasture,

by nomadic cattle-grazing tribes, the physical character of

the country being then and now the same on the whole as

that of the Syrian desert, which belongs not to Syria

but properly to Arabia. On the. banks of the rivers were
settled half-nomadic Arab tribBs,—tribes, that is, which
were more or less on the way to the agricultural stage, or

which,. having become altogether agricultural, had never-

theless, owing to frequent intercourse with the Bedouins,

lost little of their original character, and even maintained
th'eir independence. The same movement takes place over
and over again : Arab tribes migrating from Arabia, that

>fficina gentium, gradually settle down wherever circum-
stances prove favourable, and by this very change in their

mode of life make their first step towards civilization. In
this way a continual stream of Arabs has flowed into

the civilized countries of Jlesopotamia. On the Assyrian
monuments are figures of Arabs riding on camels ; evidently

the Assyrians had carried on war against the Bedouins
settled in their territory. At an early period the Tai Arabs
were the neighbours of the Aramaeans, and consequently all

Arabs bear in Syriac the name of Tay6y^. The district

between Mosul and Nisibis received the name B^th 'Arb4y6
from its -being occupied by Arabs. .- These Tai Arabs, whose
original home was Central Arabia, are still settled partly

near Nisibis and partly east of Mosul : but they have to

some extent lost their old noble "Bedouin manners. The
wandering Arab tribe which at the present time is

dominant in Mesopotamia is the Shammar ; they havs
driven back the Aneze, the most powerful tribe oi the

lG-4

Syrian desert. It is only two or three generations ago
that the Shammar came from Nejd ; but they have already
broken up into two great parties. The head of the one
division is Ferhdn, who has more or less completely sub-
mitted to the" Turks, and has consequently obtained the
title of pasha ; to him adhere the Shammar tribes between
^losul and Baghdad, and those also to the east of the Tigrb.
The head of the tribes who roam over the greater part of

Mesopotamia—pasturing their camels and sheep to the
east of the Chaboras in the colder season and to the north

I

in the hotter—is the chivalrous FAria. Th^se western
tribes are totally independent of the Turkish Government,
and have offered determined opposition to the attempts of

' the authorities at D^r to force them to a settled way of

life ; they still lay the peasants of Mesopotamia . under

j
contribution by exacting Khuwwe, " brother-money," or a
portion of grain. The Shammar live in almost perpetual
feud with their relations to the east, and especially with the

Aneze on the Syrian bank of the Euphrates, the so-called

Shimiye. Many other Bedouin tribes might here be
mentioned ; but it may be enough to name the Delem on
the Euphrates as an example of a tribe just in process of

becoming agricultural. In the northern parts of Mesopo-
tamia there are a number of tribes of mingled Kurds and
Arabs which have to a greater or less degree abandoned
their tents for fixed habitations and the tillage of the

ground; such are the Beraziye near Orfa, the Milliye

between Orfa and Mardin, and the Kiklye nearer Mardin
and also in the neighbourhood of Mosul. It is extremely

hard to obtain trustworthy statistical information about
the number of the Bedouins ; the Shammar may have a

total strength of some 3500 tents. In the diflScult contests

which it has to carry on with those independence-loving

tribes, the Turkish Government acts in general on the

principle divide ei impera.

The Kurdish element only appears sporadically in the

true ISIesopotamian plain; but the Yezidis, who form the

population of the Sinjar range, may be referred to this

stock. He who encounters the uncanny figure of one of

these people will hardly be able to restrain a slight shudder,

especially if he remembers the graphic descriptions of the

Yezidi robbers in Morier's Ayesha. Of the old Aram£ean

peasantry there are no longer any important remains in the

plain, the Aramsans having withdrawn farther into the

Kurdish highlands, where, in spite of their wild Kurdish

neighbours, they are more secure from exactions of every

kind. The plain of the northern country of the two rivers

was at one time richly cultivated, and owed its prosperity

to this industrious people, who formerly played so distin-

guished a part as a connecting link between the Persians

and the Eoman empire and afterwards between the Western

and the Arabian world, and whose highest culture was

developed in this very region. Quite otherwise is it now.

In the plain there are almost no remains of the common
Aramasan tongue. Apart from the scattered areas in which

Kurdish prevails, the ordinary language is a vulgar Arabic

dialect; but both Kurdish and Ararasean (Syriac) have

exetcised an influence on the speech of the Arab peasant.

Finally it must be mentioned that certain Turcoman hordes

roam about the Mesopotamian territory.

In climate and in the character of its 8oil, as well as in its ethno-

graphic history, Mesopotamia holds an intermediate position. In

this aspect also we mnst maintain the division into two quite distinct

zones. The soutbem half consists mainlj of grey, dreary flats

covered with selenite ; and gj'r*"'" everywhere makes its appearance

a little below the surface ; bitumen is not unfrcquent, and here and

there it rises in petroleum wells. In the solid strata of gypsum an i

marl the rivers have carved out valleys, from a quarter to half a mile

brond ind from 40 to 60 or ivenlOO feet deep, which with their arable

soil contrast with 'hJ barren surface of the more elevated desert

(ch61). Especially below Balis there are marl-hills capped with

gypsum, and alluvial plains (so-called hdida) of coDsideraole extent
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have been formed. The banks of the rivers are there lined with a
luxuriant growtli of tamarisks. Occasional swamps and small
lagoons occur ; and the marl shows a more or less marked efflores-

cence of salt. In tliis part of the country froat is rare ever in

winter ; in summer the heat is of extraordinary intensity, and
during the whole season from .May to the close of October it is but

slightly modified by the night-dews. During the sand storms

wliicli frequently blow from the West Arabian desert, the tempera-

ture may rise to 50° C. (122° Fahr.), and this same e.tcessof heat will

then prevail through seven degrees of latitude in the whole valley of

the Euphrates and Tigris from the Persian Gulf to the foot of the

mountains. For, considering the strong radiation which takes

place over what is now the uniform surface of the Mesopotamian
soil witli its almost complete absence of evaporation, there is

nothing to hinder this warm zone extending in summer to the

upper half of the country. In winter, on the other hand, this latter

region has quite a different climate. From the mild coasts of the

Mediterranean the cold increases from west to east. In the spars

of the Taurus, consequently, the winter cold extends far to the south,

and the influence of the snow-covered ridges spreads far into the

Meaopotamian plain. Snow and ice are thus not unfrequent in the

higher part of the plain, and the temperature may fall as low as

- 10° C. (14° Fahr.), especially if the cold north winds are blowing.

That inland region too is cut off from the influence of the mild air

of the Mediterranean by the coast ranges. For this reason the

vegetation is of a less southern character than that of the Mediter-

ranean countries in the same latitude. In the spring the green is

soon parched out of existence. In this way the northeru district

of Mesopotamia combines strong contrasts, and is a cocnecting link

between the mountain region of western Asia and the desert of

Arabia. On the other hand the country to the south of Mesopotamia,

or'lrdk, has a warm climate, and towards the Persian Gulf indeed

the heat reaches the greatest extremes.

In Upper Mesopotamia, strictly so called, agriculture has suffered

an extraordinary decline; in spite of excellent soil, very little of the

land is turned to account. In the western district the fertile red-

brown humus of the Orfa plain, derived from the lime of Nimrud
Digh, extends to about 12 miles south of Harran. With a gieater

rainfall, and an artificial distribution of the water such as existed

in olden times, agriculture would flourish. If spring rains are only

moderately abundant, wheat and barley grow to a great height,

and yield from thirty to forty fold. Rice is also grown in the richly

watered hill-encircled district of Seri'ij and on the banks of the

Khabiir. Next, millet and sesamum are the chief crops,—the

latter being grown foe the sake of its oil, as the olive does not

succeed in this region. The abundance of wheat may be estimated

from the fact that during Layard's residence in Mosul a camel-load

of 480 !b was worth four shillings. Durra (Hokus Sorghum and
H. bicolor), lentils, pease, beans, and vetches are also grown, as well

as cotton, safflower, hemp, and tobacco. Mcdicago sativa furnishes

fodder for horses. Among the fruits the most noteworthy are the

cucumbers, melons, and water-melons planted in great abundance

on the banks of the smaller streams. The figs of the Sinjar

mountains are celebrated for their exceptional sweetness. Timber
trees are few ; plane trees and white poplars are planted along

the streams, and a kind of willow and a sumach nourish on the

banks of the Euphrates. The palm-trees which appear on the

banks of both the rivers farther south do not come so far north.

On account of the hot dry summer the orange does not succeed.

Of the great forest which existed (?) near Nisibis in the time of

Trajan no trace remains ; but the slopes both of the Masius

mountains and of the Jebel 'Abd-el 'Aziz, as well as, more especi-

ally, those of the Sinjar range, are still covered with wood.

The wide treeless tracts of the low country of Jlesopotamia are

covered with the same steppe vegetation which prevails from Central

Asia to Algeria, but there is an absence of a great many of the

arborescent plants that grow in the rockier and more irregular

plateaus of western Asia and especially of Persia. This comparative

poverty and monotony of tho flora is partly due to the surface being

mainly composed of detritus, and partly to the cultivation of the

country in remote antiquity having ousted the original vegetation

and left behind it what is really only fallow ground untouched for

thousands of years. Endless masses of tall weeds, belonging to a few

species, cover the face of the country,—lai-ge Crucifcrs, Cynaress, and

Vmbclliferse disputing the possession of the soil in company with

extraordinary quantities of liquorice (aiijcyrrh,iui glabra and

echiimla) as well as Lagonychium-a.ni the white ears of the Imperala.

lu autumn the withered weeds are toru up by the wind and driven

immense distances. Among the aromatic plants, which even

Xenophon mentions in Mesopotimia, the first place belongs to the

species of wormwood {Artemisia), which cover wide areas, and the

second to Labials, such as species of thyme and Salvia, which, how-

ever, become rarer in the low country. With few exceptions there

are none but cultivated trees, and these are confined to the irrigated

districts on the Euphrates and the Shatt ; a few willows, a ryru^,

tamarisks, a Rhus, a Knbus, on the banks of the rivers, and the

willow-like Pupulua cu.i>hraii(a, which grows from Dzungaria to

Morocco, make up the list of the indigenous kinds. In the wide
belt of swamp which lines the Shaft el-'Arab in the low country of

'Irak 'Arabi there are boundless reaches of gigantic sedge inhabited

by a rich fauna, especially of birds such as pelicans and flamingoes.

From the south, or in other words from the true desert and oasii

country of Arabia, the date-palm spreads up the valley to soini

little distance above Baghdad ; and especially along the Sliatt it

yields rich crops of fruit, which are exported to India. With thi

exception of a few truffles, capers, liquorice, and such like, there are

few wild food-plants. The cycle of vegetation begins in November.
The fi»st winter rains clothe the plain with verdure, and by the

beginning of the year « number of bulbous plants are in bloom

—

Amaryllidm, Liliacese, ani Colchicum. The full summer develop-

ment is reached in June ; and by the end of August everything is

burnt up.

The lion is said to roam as far as the Khabtir; but in any case it

is at least much less frequent than in the time of the Assyrians,

when the lion-hunt was a recognized form of sport. The wild ass

too is very rare ; but on the other hand wild swine, hyaenas, jackals,

cheetahs, and foxes are extremely abundant. Wolves are said to

exist in the plain, and among others a variety of black wolf (Cants

lycaon). Particularly numerous in the steppe are the antelope

species ; and herds of gazelles are frequently met with. Beavers are

said to have been observed on the Euphrates. Jerboas, moles, por-

cupines, and especially the common European rat, abound in the

desert ; bats are numerous ; and the long-haired desert hare is also

found. Amoug the domestic animals iu this steppe country the

camel holds the first place ; and next come goats and sheep ; but the

Bedouin sheep is not the ordinary fat-tailed variety. The common
buffalo is often kept by the Arabs and Turcomans on the Euphrates

and the Tigris ; and on the Euphrates we also find the Indian zebu,

which is still more frequent in the districts farther to the south.

Bird-life is very rare in the southern parts of the plain ; though
on the Euphrates there are vultures, owls, ravens, ic. , as well as

falcons (? Tinnunculus alaudarius) which are trained t-o hunt.

Among game-birds are some kinds of doves, francolins, part-

ridges, wild ducks and geese, and in the steppe bustards. The
ostrich seems almost to have disappeared. Large tortoises are

numerous.
In conclusion it is necessary in supplement to tlje article Irak

to say something of the district of Babylonia, often (though wrongly)

included under the name Mesopotamia. Here we have to do with

a fundamentally different region, for it consists iu the main of

alluvial formations, a few scattered reaches of sand only nowand
then appearing in the level depression not filled up by the alluvium.

The mass of solid matter which the rivers bring down aud deposit

is very considerable ; it has been ascertained that the maximum
proportion for the Euphrates in the month of January is jVi s"''

at other times ^ts; for the Tigris the maximum is -i^. As
regards the physical character of the alluvia, in the most northerly

portion the soil is pebbly, the pebbles consisting almost solely of

variously coloured flints and occasional small fragments of gypsum.

This is succeeded by a continuous formation of clayey soil, in part

argillaceous and argillo-calcareous, but covered with mould and

sand, or the more tenacious clay of frequent inundations.

In general, the northern plains of the interior have a slight

but well-defined southerly inclination with local depressions. The

territory undulates in the central districts, and then sinks away into

mere marshes and lakes. The clay, of a deep blue colour, abounds

with marine shells, and shows a strong efflorescence of natron and

sea-salt, the latter derived from the decomposition of vegetable

matter. When the soil is parched up the appearance of thn

mirage («erab) is very common. As extensive inundations in

spring are caused by both ,the rivers, especially the Tigris, great

alterations must have taken place in this part of the countrj

in the course of thousands of years. It has been asserted that ii

former times the alluvial area at tho mouth of the river incTea«c*

one mile in the space of thirty years ; and I'rom this it has been

assumed that about the 6th century B.C. the Persian Gulf must

have stretched from 45 to 55 miles farther inland than at present

The actual rate of increase at the present time is about 72 feet per

annum. For this reason we cannot decide much iu regard to the

former physical configuration of southern Babylonia; but it is atleast

certain that the Euphrates and the Tigris reached the sea as inde-

pendent rivers. Fitter estimates that in the time of Alexander the

Great the embouchures were still separated by a good day's journey
;

and, though they cannot now be traced, great alterations have

probably taken place in the upper portions of the rivers as weU as

in the country near the mouths. Assyriologists tell us that more

than thirty-five canals are known by name from the Babylonian

period ; but it is extremely diflicult, or r.itlier it has proved hitherto

impossible, to identify them either with those actu.Uly existing or

with those mentioned in classical authors, in the Babylonian

Talmud, or in Arabian writers. To the west of the Euphrates was

to be found tlie Pallacopas channel, and we still have the Hindiye

channel in the same quarter. The ooontij betneen the rivers more

particularly was traversed by such secondarv branches. Beginning
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from the Euphrates we must mention the Saklawiye channel (Nahr

I'Isa), the Nahr Melik, tlie Nahr Zeniberaniye, and especially the

JTahr-en-Nil, constructed hy the famous Omayyad governor

Hajjaj. Eastwards from the Tigris strikes the great Nahrawan
channel ; and right through the country of the two rivers runs

the Shatt-el Hai from Kut-el-'Amara, almost due south to the

Euphrates, parallel with the Shatt-el-Kehr. Many of these have

been silted up ; from those, however, which are still maintained

there is derived a considerable revenue, and by the restoration

of many of the old channels, traces of which are met with at

every step, the country might be again raised to that condition

of high civilization which it enjoyed not only in antiquity but

partly even in the time of the later calijihs. The classical writers

are unanimous in their admiration of this tountry
; and it is at

Jeast certain that nowhere else in the whole world was the principle

pf the application of canals to the exigencies bf agriculture worked
out so successfully. The most luxuriant vegetation was diffused

Wer the whole country ; and three crops were obtainable m the

year. It is this alone which makes it intelligible how tliis region

in the most remote antiquity attained a high civilization, aiid for

centuries played, it may be said, one of the principal parts in the

history of the world. In the matter of civilization, indeed, no
country of the ancient world was its equal ; a multitude of great

cities once flourished within its borders. Even the Arabic writers

are unanimous in regard to the extremely favourable influence

which- the character of the country exercised on the intellectual

activity, spiiit, and capacity of its inhabitants. AVo need not here

discuss the question recently started as to whether the Biblical

garden of Eden is to be sought in this locality, two canals of the

Euphrates and Tigris being identified with the Gihon and Pison of

Gen. ii.^ but it is certain at least that this lower country of the

two rivers might well pass in antiquity for the ne plus ultra of

civilization, and exercised the most powerful political and intel-

lectual influence on the surrounding regions. The question often

raised as to whether the Semites were derived from this district

may also be left untouched. From the Bible we know that an

lancient name of the district was Shinar, though this has not

Tiitherto been discovered in the cuneiform inscriptions. The name
Kush is applied in the Bible to its oldest non-Semitic inhabitants.

The northern half of the country was called Akkad, the southern

Sumer. But it must not be forgotten that the rivers never formed
ethnographic and political boundaries ; and thus Sumer extended

to the coast of the Persian Gulf and Akkad as far as the Lower Zab,

the eastern afiluent of the Tigris. As a less ancient designation

of the whole country may be reckoned 7nat Kalcla, the country of

the Chaldaeans (Hebr., erets Kasdhn) ; originally Kalda is said to

have designated central Babylonia. Of still later date is the name
derived from the capital, the country of Babel {erels Babel), as an
equivalent of which mdt BdbtlH appears in the cuneiform inscriptions

(in the Darius lists Bahiru). From this was developed the Greek
designation Babylonia, Ba&vKuvla (as early as Xenophon). That the

country was densely peopled may be gathered from the fact that about

704 B.O. eighty-nine fortified towns and eight hundred and twenty
smaller places in the Chaldsean country were cajitured during one
military expedition. Of separate districts of the country we may
mention Karduniash, the district in the vicinity and especially to the

ttorth of. Babylon ; and southward by the sea-coast tne important

e'ountry of Bit Yakin, governed by kings of its own. At a later date

re find on the coast and at the mouth of the Pallacopas canal the

maritime town of Teredon, which is Aso mentioned by the classical

writers. Besides Babylon and Borsippa, the larger cities were the

double city of Sippar (Sefarvayim, 2 Kings xvii. 24, 31) and Akkad
on the left bank of the Euphrates on the present Nahr 'Isa ; Erech,

i.e., Warka, on the left bank of the Euphrates; Ur on the Palla-

copas, not far from the place where the Shatt-el-Hai falls into the

Tigris ; Nippur, i.e., Tell Niff'er ; Kutha (2 Kings xvii. 24), Kalne
(Gen.x. 10)," in the north, Opis at the junction of the Adhera
(Physcos) with the Tigris. Huge mounds give evidence of the

extent of these cities. A .number of the canals were navigable,

and at the same time, when the bridges were destroyed, they
formed defensive moats against the incursion of enemies from the
north. And the same purpose was served by the great wall (after-

wards the Median Wall of the Greeks) which ran across the country
from river to river between the points of their nearest approach. _
Duriug the period of Greek domination a Greek city, Seleucia7

which afterwards attained great prosperity, was founded by
Seleucus I. in an extremely favourable situation on the right bank
6f the Tigris. In the south of the country, too, there was a Greek
seaport town first called A.lexandria on the Tigris and afterwards

Antiochia. After the conquest of Babylonia by the Parthians

(130 B.C.) a small Arabian kingdom grew up in those parts called

Characene or Mesene, after the town of Charse or Maisan. It was
under Parthian and for a time under Roman supremacy. The city

of Vologesia, founded by Vologeses to the south-west of Babylon,

near Ullais, in the neighbourhood of the later Eufa, was one of the

capitals of the Parthian power. In the time of the Sasanids, too,

aa.well as in that of the Parthians, the country of the lower

Euphrates and Tigris j.layed a leading part ; it formed in fact ths
main centre of the Persian kingdom. The city of Ctesiphon,
founded by the Greeks on the east side of the Tigris opposite
Seleucia, was the winter residence of the Parthian kings, and the
imperial capital of the Sasanids. Under the name of Madain
(The Cities) it continued to flourish till the rise of Baghdad in the
9th century. The neighbourhood of Ctesiphon was called in the
time- of the Sasanids Suristan, a translation of the Aramaean desig-
n.ation Beth-Aramaye, "country of the Syrians," for the land was
mainly occupied by Aramaeans. By a notable substitution the
Arabs afterwards gave the name Nabat, i.e., Nabataeans, to these
Aramaean peasantry, who, it may be added, were already found in
these parts at the time of the Babylonian empire.
On tlie west side of the Tigris the Arab kingdom of Hira formed

the bulwark of the Sasanid power. As the result mainly of the
battle of Kadisiya (east of Hira) in 635 A.D., the whole' of this
wealthy country fell into the hands of the Moslems, and it soon con-
stituted the centre of their power, especially when the Abbasids,
with true political insight, transferred thither the capital of the
empire and founded Baghdad. The chief cities of the older Arabic
period were Kiifa (in the neighbourhood of the earlier Hira to the
south of ancient IBabylon) and Basra (or Bv.ssorah, q.v.) in the
neighbourhood of the earlier Maisan. After these two cities the
country was divided into the S^vad, " rich arable district," of
Basra and that of Kiifa. Sawad was also employed as a name for
the whole country ; and more or less identical with this designa-
tion is the name 'Irak still in use. Sometimes also the term Sawad-
el-'Irak is employed ; but at a later date the country is distinguished
as 'Irak 'Arabi (Arabian 'Irak) from the Persian 'Irak 'Ajemi to the
east, the ancient Media. The Arabian geographer Yakut makes the
distinction that the country called Sawad reaches farther to the
north (viz., to the district of the Upper Zab).

Abulfeda gives the boundaries of Irak as i^ollows:
—"In the west

of the country lie El-Jezira and the desert, in the south the desert,

the Persian Gulf, and Khuzistan, in the east the mountain country
as far as Holwan (near the principal pass through the Zagnis
range). Thence the boundary runs again towards Mesopotamia.
Thus the greatest breadth of 'Irak is in the north, and its narrow
extremity is formed by the island 'Abbadan in the Shaft-el-'Arab
(the united Euphrates and Tigris) to the south of Basra'.'' From
what has been said it appears that 'Irak extended far beyond the
country between Euphrates 'and Tigris. Abulfeda says clearly that
'Irak lies on the Tigris as Egypt on the Nile ; for according to this

view the Tigris flows through the middle of the country. 'Irak

consequently lies between 30° and 34° 30' N. lat. and between 44*

and 48° 30' E. long. ; of its area it is impossible to form an estimate
under such varying conditions. For some details see Baghdad.
From the union of the rivers upwards, in the case of the Euphrates

as far as 26° N. lat. (above Rakka), in that of the Tigris to 35° N.
lat., the valleys are known as ez-z6r, the depression, in opposition to

the more elevated desert-plateau. It has been surmised that in this

name is to be recoimized the Diira of the Old Testament (Daniel

iii. I).

Very little of the ancient condition of the country has been' pre-

served ; and there are now but few remains of ancient buildings,

scarcity of stone.having all along led to the use of bricks. Irak

has played its part. It is only by the expenditure of immense
sums, far beyond the financial capacity of the Turkish Govern-

ment, that tire ancient canals could be restored and the swamps
formed by them drained. The whole land falls into two unequal

portions,—an extensive dry steppe with at any rate a healthy

desert climate, and an unhealthy region of swamps. There is a

good deal more agriculture along the Euphrates than along the

Tigris ; but swamps, ftith almost impenetrable reed thickets, com-

posed of a kind of Agrostis, are at the same time much more exten-

sive. The slightly more elevated districts are the special habitat

of the date palm, which by itself forms dense groves bordering the

banks particularly on the lower Euphrates, for a distance of several

days' journey. This part of the country consequently has a some-

what monotonous but in its own way imposing aspect. A luxu-

riant vegetation of water-plants is to be found in the. swamps,

which are the haunt of numerous wild beasts—wild swine, lions,

difl"erent kinds of aquatic animals and birds. The swamps are

inhabited. by a wild race of men, dark of hue, with many negroes

amongst them. They live in reed huts, and cultivate rice ; and

they weave straw mats. In the main they keep pretty free both of

the Turkish Government and of the semi-Bedouins and Bedouins of

'Irak, The Khazael especially who dwell to the south of ancient

Babylon often give the Government trouVie, through their passion

for independence. Less turbulent are the Bedouins in the interior

of thecountrj-—theZobeid, theAfaij, and the Abu Muhammed; but

on the other Band the Beni Lam (7500 tents strong), who occnpy the

treat tract of country east of the Tigris to the south of Baghdad,

ave often been a source of great annoyance to the pashas of that

-city., A still more difficult task is the management of the Sham-

mar, who come and pitch their tents to the south-east of Baghdad ;

and also the Muntefitch on the southern Euphrates put the whole ad-
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ministralive auJ diplomalic skill of t)ic Turkish ofTuinlsto the test.

The Turkish influence has hero niaile at one time great ajvunce
ami at another lost all the ground it had gaiued,—the ricL aud
[lowcrful sheikhs of the Muiitefitcli sometimes becoming for a season
rulers over the whole of Soiitliern 'Irak and even over tlie town of
Basra. The present writer once visiicd the great slieiklj Kasir in
his camp near Siikesh-Shiyiikli ; oiid he received the inipressiou
of havinj; to do with a very remarkable and aslnte personage.
The old Syrian population of 'lixik has almost entirely dis-

appeared ; the few remnants left are distinjinislied by a -special

religion, in regard to which see the article MANr>£ANS. Ethno-
graphically the country is subject to a double influence. On the
one hand the connexion witli Nejd, the central plateau of Arabia,
continues uninterrupted; the emigration from that region being
mainly directed towards 'Irak and Jezir.i. In Baghdad even, the
Agel-Bedouins from Cential Arabia have a quarter of their own.
"With the earnings obtained in these rich districts the emigrants
return to their homes. But quite is strong at least is tlie influ-

ence of Persi.a. Persian customs ore in f.ishion ; in Baghdad
there is an important Persian quarter ; and Kcrbela iuid Jleshed
'Ali to tlie west of the Euphrates may be considered regular

Persian "enclaves." In these places are buried the son-indaw of

Jlohaiumcd, the caliph Ali, and his sou Hosein (in Kerbela)^ the

chief saints of the Shiite sect ; and their tombs arc not only shrines

of pilgrimage to the living, but the dead are brought by countless

caravans from Persia to be buried in ground which they have made
holy. The neighbourhood of Kerbela reeks with tne odour of

corpses; and from the midst of them pestilence has often begun its

march. Throughout the whole of 'Irak the Shiites have many ad-

herents,—for example, the Khazael already raejitioned. Persian

influence prevails ou the Arab pojmlation of 'Irak, and the inter-

mingling of the races can still be very clearly traced ; in this dis-

tant corner of the Turki.ih emjiire a more international tone prevails

than in any other distiict And, however small when compared
with former times the commercial and intellectual intercourse of

various nations in these regions may be at the present day, the
attentive observer must notice that such intercourse does still

exist, though within restricted limits. Ko trace, indeed, is to be
found of that rich intellectual development which was produced
in llie time of the calijihs tlnough tlie reciprocal action of Persian

and Arabic elements. Still the quickwittedness of the inhabitants
of 'Irak makes a decided impression on the traveller passing through
Asiatic Turkay ; and one might venture to prophesy that the

country might to some extent recover its fornier position in the

world, especially if English influence from India were more widely
extended, and should lead to the construction of a railway. The
trade which passes through 'Irak is even now not unimportant;
horses, for example, are expoi-ted in considerable numbers from
southern 'Irdk to India. But it might be very much improved, as

the country, it is said, could support five hundred times as many
inhabitants as it actually contains. Tliere is also a considerable

export of dates, a fruit which forms the chief sustenance of a great

number of the inhabitants ; and the breeding of cattle (especially

bufl'aloes) is extensively carried on. Only a few steamboats as yet

navigate the majestic rivers. Communication by water is carrie''

on by means of the most primitive craft. Goods are transported

in the so-called "terrades," moderately big high-built vessels,

which also venture out into the Persian Gulf as far as Kuwet.
Passengers are conveyed, especially on the Euphrates, in tiie

mcshhif, a very long and narrow boat, mostly pushed aloqg ti.e

river bank with poles. The Jlesopotamiau "kellcks"— rafts hi-l

on goatskin bladders—come down as far as B.nghdad, where round
boats maJe of jdaited reeds jiitched with asphalt ore in use. At
Basra, on the oUier hand, we see the "belem," boats of a largo

size, having the appearance of being hollowed out of tree trunks,

and partly in fact so constructed. Throughout 'Ir.'ik in general

Indian influence is partially at work ; ii\ the hot summer months,
for instance, when the natives live in underground apartments

(serdab), the Indian punkah is used m the houses of the rich. As
regards language, the local Aruui^- diaU-ft has evidently been

'alfected on the cue hand by Pcrsiin, on the other by the Bedouin
forms of speech.
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MESSENEl, the cliief city of 'Mc'ssenia, founded, under

tbe ausiiices of Kjiaminfuulas, as a bulwark against the

Spartans. After the battle of Leuftra that general sent

to all the exiled Messemand,—in j\irica, Sicily, or Italy,-

and invited thom to return to the land of their fathers.

Many came with ca;:!erne.ss, and in 3tj9 B.C. the city was
built by the eotnbined army of Thebans under Epamiuondaa
and Argives under Eijiteles, assisted by the MessdniADs

themselves. The site was chosen in conformity with a

vision which ajipeared to E|>aminondas, and the walla

were raised to the sound of flutes jilaying the airs of

Sacadas and Pronomus. The citadel was erected on

the summit of Mount Ithomc, and the city on its southern

slojie and in the adjoining valley. City and citadel were

endo.'ied by a wall 47 stadia in length. Near the centre

of the city was the agora, wth a famous sjiring called

Arsinoe, and various temjilesand statues, among the latter

an iron statue of Ei)aminondas. The Hierothysion con-

tained many statues of gods and heroes, among them a

bronze statue of Ejiaminondais. In the gymnasium were

statues of Hermes, Hercules, and Theseus by Egyjjtian

artists. Iti the stadium was a bronze statue of the great

hero Aristomenes, who had a seimlchral monument else-

where in the city. On the summit of the citadel was a
famous spring called Clepsydra, and near it a temple of

Zeus Ithomatas, with a statue by the famous Argive artist

Ageladas, executed originally for the Messenian Helots
who settled in Naupactus (see M£SSEyi.\). It was in

honour of this statue that the festival of the Ithomaea was
performed.

The situation of Messene is one of the finest and most
romantic in the world. The view of Mount Ithome, with

its level summit and its ancient and medieeval ruins, as

one issues from the Langadha Pass in the Taygetus

mountains, is beautiful beyond description. And the

view from the summit of the nJountain itself, which rises,

steep and rugged, to the height of 2631 feet, and is

crowned by 'the ruins of forti.lcations of Cyclopean work-

manship, is enchanting, hardly equalled by any other in

Greece. Near the middle of the ruins of the lower city

stands a wretched village named Mavrommati (Black Eye),

so called from the Turkish name of the spring Arsinoe,

which stLU flows as plentifully as in the old days. These

ruins are the most imposing in Greece, and furnish the

finest existing specimen of Hellenic military architecture.

Almost the entire circuit of the ancient walls can be traced,

and in some places they are standing to their full height!

They are built of large hewn stones laid in beautifully

regular layers without mortar, and are surmounted by
towers, of which there seem to have been originally over

thirty. Seven of these are still in a good state of preser-

".ation, and bear testimony to the thoroughness of the great

enterprise undertaken by Epaminondas. Two ^tes can

Still be "distinguished, one on the slope of Mount Ithome,

tbe other (the northern or Megalojjolis gate) on the north

side. The latter is a dipylon or double gate, opening into

a circular enclosure G2 feet in diameter. The walls of

tills enclosure are built with extreme care, and the soffit

stone of the inner portal, which has been partly moved
from its jilace, reminds one of the lintel of the so-calle.I

trca.-'ury of Atreus at Mycenae. It is 18 ft. 8 in. x 4 ft. 2

in. .X 2 ft. 10 in. Within the town several ancient sites

can still be distinguished—the stadium, the theatre, and
several tcnijiles.

MESSENIA (in Homer Messene), a state of Greece, ana
the most westerly of the. three penin.sula.'i of the Pelopon-

nesus. Us area is a little over 1160 square miles. It is

.''uparatcd from Elis and Arcadia on the north by the river

Neda and the Nomian mountains, and from Laconia on the

east bj the lofty range of Tajgetus. The other sides are

washed by the sea, which indents its shores with four gulfs

or bays,—Messenia, Phuenicus, Pylus, and Cyjiarissus. On
its south-west corner are the Gi)nussse Island.s, and oppo-

site the bay of Pylus (Navarino) the famous Sphacteria.

The interior is divided by mountain chains into fertile

plains, watered by rivera, the chief of which is the Pamisus
(with its tributaries Leucasia. Cbaradrus, Amphitus, and
Aris), falling into the Messenian Gulf. The great va'In«
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of this river is divided, near Mount Ithome, into two
distinct parts, the plain or basin of Stenyclarus on the

north, and the plain of ilacaria, so called from its extreme
fertility, on the south. The climate is delightful.

The earliest inhabitants of ilessenia were Leieges, whose
capital was at Andania. After these came .^tolians, whose
chief centre was at Pylus. After the Dorian conquest the

country was divided by Cresphontes into five parti, whose
chief cities were respectively Stenyclarus, Pylus, Rhion,

Hyamia, and Mesola. The towns of Messenia were not

numerous. Homer mentions Pylus (the seat of the

Thessalian Neleids), Amphigeneia (possibly the same as

Ampheia), Dorion, .iEpeia (possibly Methone), Qilchalia,

Pharas, Antheia (probably the later Thuria), Pedasus, and
Ira (the later Abia). Other important towns were Asine,

Corone, Limn«, Carnasium, Cyparissia, and, finally,

Messene.

Of the history of Ifesseiiia before the Dorian invasion little is

kiiorni except a few fables related by Pausanias. Two generations
after the Trojan war, the country was invaded by the. Dorians, who
expelled the Neleids and conferred the sovereignty upon Cresphontes,
who seems to have been a popular king. Perhaps for thia reason
he was put to death by the chiefs aloug with all his sons except
^pytus. jEpytus was restored to the throne by the Arcadians,
took vengeance for his father's death, and became very popular.
His line lasted through several generations. We know little of the
subsequent history of Messenia until the date of the Messeuian wars,

waged against Sparta. ' The ostensible and immediate causes of these
wars are variously assigned ; but the true cause was the cupidity of
Sparta. Our chief trustworthy authority for the history of them
is the old elegiac poet Tyrtajus ; but so little is known about them
that it is a matter of doubt in which of them the great hero
Aristomenes won his fame. The date of the first was from 743 to

724, of the second from 685 to 668 or, according to others, from
648 to 631 B.C. Ithome was the centre of action in the first, Eira
in the second. The result of these wars was the complete subjuga
tion of Messenia ^0 Sparta. Its territory was parcelled out among
Spartans, and its to^vns handed over to Periceci and Helots. JIany
of the inhabitants took refuge in Arcadia, but still more in Italy

and Sicily. A very large number settled in Rhegium, whose chiefs

for .many generations were of Messenian stock. About 200,000
remained behind in bondage. After the second war a large number
of Messenians settled on the Sicilian coast at Zancle, to which they
subsequently gave the name Messana (see Messixa). In 4.64 B.c.

the Messenian Helots, taking advantage of an earthquake at Sparta,
revolted, and, though they were finally compelled to surrender in

455, they did so only on condition of being allowed to retire to

Naupactus on the Corinthian Gulf. This city had been offered them
as a residence by the Athenians, ever glad to favour the foes of
Sparta. Here the Messenians remained for sixty years, until the
loss of the battle of ./Egospotami de])rived them of the protection of

the Athenians. They were then driven out, and had to find homes
in Cephallenia and Zacynthus, or among their kinsmen in Rhegium
and Messana. Some even went to Africa, and took uj) their abode
at Euesperida; or Hesperidae, afterwards called Berenice. Things
remained in this condition until 369 B.C., when Epaminoudas,
having broken the power of Sparta, rent from her Messenia, and,
collecting from all quarters the descendants of the exiled inhabit-
ants, helped them to found the city of Messene (q.v.). Sparta
never gave up her claim to Messenia, and made many attempts to

reconquer it, but without success. The Messenians maintained
their independence until 145 B.C., when, with the Achseans, they
were reduced under the power of Rome. From that time they fall

into the background of history. In the iliddle Ages the country,
like the rest of the Peloponnesus, was largely ovennin by Slavic
tribes, as is shown by the numerous Slavic local names occurn'ng in

it. At the establishment of Greece as a kingdom, Messenia was
constituted into a province, with a governor or nomarch residing at
Kalamata (officially Kalamai), the ancient Phara'. The country,
though beautiful and fertile, is still in a dcjdorably baj-kward coii-

dition, and the population is spai-se and scmi-barbarojis. Agiicul-
tnre languishes, and the roads and bridges are few and bad. Jlore
deeUs of violence occur in Messenia than in any other ] larr of Groce.
With the exception of Kalamata, it contains no town of iniportaucc.
Navarino, on the Gulf of Pylus, was the scene of the destruction of
the Turkish fieet in 1827.

MESSIAH (Dan. x. 25, 26), Messias (.John i. 41
;

iv. 25), are transcriptions (the first form modified by
reference to the etymolog)') of the Greek Mtcrcri'as

(Marios, Mccrti'o?), which in turn represents the Aramaic
sn'K'P (mtshtna), answering to the Hebrew n'ron, "the

anointed."' The Hebrew word with the article prefixed

occurs in the Old Testament only in the phrase 'th:;

anointed priest" (Lev. iv. 3, 5, 16; vi. 22 [15]), but
'Jehovah's anointed" is a common title of the king of

Israel, applied in the historical books to Saul and Da\-id,

in Lam. iv. 20 to Zedekiah, and in Isa. xlv. 1 extended
to Cyrus. In the Psalms corresponding phrases (My, Thy,
His anointed) ^ occur nine times, to which may be added
the lyrical passages 1 Sam. ii. 10, Hab. ili. 13. In the
intention of the WTiters of these hymns there can generally

be no doubt that it refers to the king then on the throne,

or, in hymns of more general and timeless character, to

the Davidic king as such (without personal reference to

one king) ,
^ but in the Psalms the ideal aspect of the

kingship, its religious importance as the expression and
organ of Jehovah's sovereignty, is prominent. Wben the
Psalter became a liturgical book the historical kingship

had gone by, and the idea alone remained, no longeras the

interpretation of a present political fact, but as part of

Israel's religious inheritance. It was impossible, ho'wever,

to think that a true idea had become obsolete merely
because it found no expression on earth for the time being

;

Israel looked again for an anointed king to whom the

words of the sacred hymns should apply with a force never
realized in the imperfect kingship of the .past. Thus'the
psalms, especially such psalms as the second, were neces-

sarily viewed as prophetic; and meantime, in accordance

with the common Hebrew representation of ideal things as

existing in heaven, the true king remains hidden with God.
The steps by which this result was reached must, however,

be considered in detail.

The hope of the advent of an ideal king was only one
feature of that larger hope of the salvation of Israel from all

evils, the realization of 'perfect reconciliation with Jehovah,

and the felicity of the righteous in Him, in a new order of

things free from the assaults of hostile nations and the

troubling of the wicked within the Hebrew community,
which was constantly held forth by all the prophets, from
the time when the great seers of the 8th century B.a first

proclaimed that the true conception of Jehovah's relation

to His people was altogethe? different from what was
realized, or even aimed at, by the recognized civil and
religious leaders of the two Helarew kingdoms, and that it

could become a practical reality only through a great

deliverance following a sifting judgment of the most
terrible kind. The idea of a judgment so severe as to

render possible an entire breach with the guilty jiast, and
of a subsequent complete realization of Jehovah's kingship

in a regenerate nation, is common to all the prophets, but

is exjjressed in a great variety of forms and images, con-

ditioned by the present situation and needs of Israel at the

time when each prophet spoke. As' a rule the prophets

directly connect the final restoration with the removal of

the sins of their own age, and with the accomplishment of

such a work of judgment as lies within their own horizon;

to Isaiah the last troubles are those of Assyrian invasion,,

to Jeremiah the restoration follows on the exile to Babylon

;

Daniel connects the future glory witJi the overthrow of the

Greek monarchy. The details of the prophetic pictures

show a corresponding variation; but all agree in giving the

central place to the realization of a real effective kingship

of Jehovah ; in fact the conception of the religious subject

' The transcription is as in Ttaaoif, Tttrtrlp for IIC'I, Oiiomastica,

ed. La^., pp 247. 2S1, Ba<r. ;3 ii. 3. For the . termination at for

t5n, see Laqarde, Psalt. ilemplu, p. VII. ~ « . •,

» The plural is found in Psalm cv. 15, of the patriarchs as conse-

elated i>orson«.

-^ In Ps. Ixxxiv. 9 [10] it is disputed whether the anointed one is

;he king, tlie priest, or the nation as a whole. Tlie second view in

perhaps the best.



54 MESSIAH
M tto nation of Israel, with a national organization under

Jehovah as king, is common to the whole Old Testament,

and forms the bond that connects prophecy proper with

the so-called Messianic psalms and similar passages which

theologians call typical, i.e., with such passages as speak

of the religious relations of the Hebrew commonwealth,

the religious meaning of national institutions, and so

necessarily contain ideal elements reaching beyond the

empirical present. All such passages are frequently called

Messianic ; but the term is more properly reserved as

the specific designation of one particular branch of the

Hebrew hope of salvation, which, becoming prominent in

post-canonical Judaism, used the name of the Messiah as

a technical term (which it never is in the Old Testament),

and exercised a great influence on New Testament thought,

—the term " the Christ " (o xP'otos) being itself nothing

more than the translation of " the Messiah."

In the period of the Hebrew monarchy the thought that

Jehovah is the divine king of Israel was associated with the

conception that the human king reigns by right only if he

reigns by commission or "unction" from Him. Such was
the theory of the kingship in Ephraim as well as in Judah
(Deut. xsxiii. ; 2 Kings ix. 6), till in the decadence of the

northern state Amos(ix. 11) foretold the redintegration of

the Davidic kingdom, and Hosea (iii. 5 ; viii. 4) expressly

associated a similar prediction with the condemnation of the

kingship of Ephraim as illegitimate. So the great Judaean

prophets of the 8th century connect the salvation of Israel

with the rise of a Davidic king, full of Jehovah's Spirit, in

whom all the energies of Jehovah's transcendental kingship

are as it were incarnate (Isa. ix. 6 sq. ; xi. 1 sq. ; Micah v.).

This conception, however, is not one of the constant

elements of prophecy ; indeed the later prophecies of Isaiah

take a different shape, looking for the decisive interposition

of Jehovah in the crisis of history without the instru-

mentality of a kingly deliverer. Jeremiah again speaks

of the future David or righteous sprout of David's stem
(xxiii. 5 «^. ; xxx. 9) ; and Ezekiel uses similar language

(xxxiv., xxxvii,) ; but that such passages do not necessarily

mean more than that .the Davidic dynasty shall be con-

tinued in the time of restoration under a series of worthy

princes seems clear from the way in which Ezekiel speaks

of the prince in chaps, xlv., xlvi. As yet we have no fixed

doctrine of a personal Slessiah, but only material from
which such a doctrine might by and by be dra'mi. The
religious view of the kingship is still essentially the same
as in 2 Sam. vii., where the endless duration of the Davidic

dynasty is set forth as part of Jehovah's plan of grace to

His nation.

There are other parts of the Old Testament—notably

1 Sam. viii., xii,—in which the very existence of a human
kingship is represented as a departure from the ideal of a
perfect theocracy. And so, in and after the exile, when
the monarchy had come to an end, we find pictures of the

latter days in which its restoration has no place. Such is

the great prophecy of Isa. xl.-lxvi., in which Cyrus is the

anointed of Jehovah, and the grace promised to David is

transferred to ideal Israel (" the servant of Jehovah ") as a
whole (Isa. Iv. 3). So too there is no allusion to a human
kingship in Joel or in Malachi; the old forms of the

Hebrew state were broken, and religious hopes expressed

themselves in other shapes.^ In the book of Daniel it is

collective Israel that appears under the symbol of a "son
of man," and receives the kingdom (vii. 13, 18, 22, 27).

Meantime, however, the decay and ultimate silence of the
living prophetic word concurred with the prolonged
political servitude of the nation to produce a most

' The hopes which Haggai and Zechariah connect with the name of
Z rubhaliel, a descendant of David, hardly form an exception to this
•tatement.

important cnange in the type of the Hebrew religion.

The prophets had never sought to add to the religious

unity of their teaching unity in the pictorial form in

which from time to time they depicted the final judgment
and future glory. For this there was a religious reason.

To them the kingship of Jehovah was not a mere ideal,

but an actual reality. Its full manifestation indeed, to the

eye of sense and to the unbelieving world, lay in the

future ; but true faith found a present stay in the

sovereignty of Jehovah, daily exhibited in providence and
interpreted to each generation by the voice of the prophets.

And, while Jehovah's kingship was a living and present fact,

it refused to be formulated in fixed invariable shape. But
when the prophets ceased and their place was taken by the

scribes, the interpreters of the written word, when at the

same time the yoke of foreign oppressors rested continually

on the land, Israel up longer felt itself a living nation, and
Jehovah's kingship, which presupposed a living nation,

found not even the most inadequate expression in daily

political life. Jehovah was still the lawgiver of Israel, but

His law was written in a book, and He was not present to

administer it. He was still the hope of Israel, but the

hope was all dissevered from the present ; it too was to be

read in books, and these were interpreted of a future

which was no longer, as it had been to the prophets,

the ideal development of forces already at work in Israel,

but wholly new and supernatural. The present was a
blank, in which religious duty was summed up in patient

obedience to the law and penitent submission to the Divina

chastisements ; the living realities of divine grace were

but memories of the past, or visions of " the world to

come." The scribes, who in this period took the place of

the prophets as the leaders of religious thought, were
mainly busied with the law ; but no religion can subsist on
mere law ; and the systematization of the prophetic hopes,

and of those more ideal parts of the other sacred literature

which, because ideal and dissevered from the present, were
now set on one line with the prophecies, went on side by
side with the systematization of the law, by means of a

harmonistic exegesis, which sought to gather up every

prophetic image in one grand panorama of the lasues o*

Israel's and the world's history. The beginnings of thia

process can probably be traced within the canon itself, in

the book of Joel and the last chapters of Zechariah ; ' and,

if this be so, we see from Zech. ix. that the picture of the

ideal king early claimed a place in such constructions.

The full development of the method belongs, however, to

the post-canonical literature, and was naturally much less

regular and rapid than the growth of the legal traditions

of the scribes. The attempt to form a schematic escha-

tology left so much room for the play of individual fancy

that its results could not quickly take fi-xed dogmatic

shape ; and it did not appeal to all minds alike or equally

at all times. It was in crises of national anguish that men
turned most eagerly to the prophecies, and sought to con-

strue their teachings as a promise of speedy deliverance in

such elaborate schemes of the incoming of the future glory

as fill the Apocalyptic Literature (q.v.). But- these

books, however influential, had no public authority, and
when the yoke of oppression was lightened but a little

their enthusiasm lost much of its contagious power. It is

not therefore safe to measure the genei-al growth of

eschatological doctrine by the apocalyptic books, of which

Daniel alone attained a canonical position. In the

Apocry^jha eschatology has a very small place ; but there

is enough to show that the hope of Israel was never

forgotten, and that the imagery of the prophets had

' See JoKL, vol. xiii. p. 706, and Stade's articles " Deuterozacharja,''

Z./. ATUche Wiss., 1831-82. Compare Dan. ix. 2 for the use of tb»

older prophecies in the aolulion of new problems of faith.
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moulded that hope into certain fixed forms which were
taken \vdth a literalness not contemplated by the prophets

themselves. It was, however, only very gradually that

the figure and name of the Messiah acquired the pro-

minence which they have in later Jewish doctrine of the

last things and in the official exegesis of the Targums. In

the very developed eschatology of Daniel they are, as we
have seen, altogether wanting, and in the Apocrypha, both

before and after the Maccabee revival, the everlasting

throne of David's house is a mere historical reminiscence

(Sirach xlvii. 11 ; 1 Mac. ii. 57). So long as the wars of

independence worthily occupied the energies of the Pales-

tinian Jews, and the Hasmoncean sovereignty promised a

measure of independence and felicity under the law, in

which the people were ready to acquiesce, at leastj till the

rise of a new [irophet (1 Mac. xiv. 41), the hope that con-

nected itself with the house of David was not likely to rise

to fresh life, especially as a considerable proportion of the

not very numerous passages of Scripture which speak

of the ideal king might with a little straining be applied

to the rising star of the new dynasty (comp. the language

of 1 Mac. xiv. 4-15). It is only in Alexandria, where
the Jews were still subject to the yoke of the Gentile,

that at this time (c. 140 B.C.) we find the oldest Sibylline

verses (iii. 652 sq.) proclaiming the approach of the

righteous king whom God shall raise up from the East
(Isa. xli. 2) to establish peace on earth and inaugurate the

sovereignty of the prophets in a regenerate world. The
name Jlessiah is still lacking, and the central point of the

prophecy is not the reign of the deliverer but the subjec-

tion of all nations to the law and the temple.^

With the growing weakness and corruption of the

Hasmonsean princes, and the alienation of a large part of

the nation from their cause, the hope of a better kingship

begins to appear in Juda;a also ; at first darkly shadowed
forth in the Sook of Enoch (chap, xc), where the white
steer, the future leader of God's herd after the deliverance

from the heathen, stands in a certain contrast to the in-

adequate sovereignty of the actual dynasty (the horned
lambs) ; and then much more clearly, and for the first time
with use of the name Messiah, in the Psalter of Solomon,
the chief document of the protest of Pharisaism against its

enemies the later HasmonsBans. The struggle between the

Pharisees and Sadducees, between the party of the scribes

and the party of the Hasmonsean aristocracy, has been
described in Israel (vol xiii. p. 423 sq.). It was a
struggle for mastery between a secularized hierarchy on
the one hand, to whom the theocracy was only a name, and
whose whole interests were those of their own selfish politics,

and on the other hand a party to which God and the law
were all in all, and whose influence depended on the main-
tenance of the doctrine that the exact fulfilling of the law
according to the precepts of the scribes was the absorbing
vocation of Israel. This doctrine had gro-\vn up in the
political nullity of Judaea under Persian and Grecian rule,

and no government that possessed or aimed at political

independence could iwssibiy show constant deference to
the punctilios of the schoolmen. The Pharisees themselves
could not but see that their principles were politically

impotent ; the most scrupulous observance of the Sabbath,
for example—and this was the culminating point of legality
—could not thrust back the arms of the heathen. Thus
the party of the scribes, when they came into conflict

with an active political power, which at the same time
claimed to represent the theocratic interests of Israel, were
compelled to lay fresh stress on the doctrine that the true
deliverance of Israel must come from God and not from
man. We have seen indeed that the legalism which accepted

' tn Sibi/U., iii. 775, rri6ii must undouLteJly be read for vlJy.

Jehovah as legislator, while admitting tliat his executive

sovereignty as judge and captain of Israel was for the time
dormant, would from the first have been a self-destructive

position without the complementary hope of a future

vindication of divine justice and mercy, when the God of

Israel should return to reign over his people for ever.

Before the Maccabee revival the spirit of nationality was
so dead that this hope lay in the background ; the ethical

and devotional aspects of religion under the law held the

first place, and the monotony of political servitude gave little

occasion for the observation that a true national life

requires a personal leader as well as a written law. But
now the Jews were a nation once more, and national ideas

came to the front. In the Hasmonasan sovereignty these

ideas took a political form, and the result was the secular-

ization of the kingdom of God for the sake of a harsh and
rapacious aristocracy. The nation threw itself on the side

of the Pharisees ; but it did so in no mere spirit of

punctilious legalism, but with the ardour of a national

enthusiasm deceived in its dearest hopes, and turning for

help from the delusive kingship of the Hasmonaeans to

the true kingship of Jehovah, and to His vicegerent the

king of David's house. It is in this connexion that the

doctrine and name of the Messiah appear in the Psalter

of Solomon. The eternal kingship of the house of David,

so long forgotten, is seized on as the proof that the

Hasmonaeans have no divine right.

"Thou, Lord, art our king for ever and ever. . . . Thou didst
choose David as king over Israel, and swarest unto him concerning
his seed for ever that his kingship should never fail before Thee.
And for our sins sinners (the Hasmonceans) have risen up over as,

taking with force the kingdom which Thou didst not promise to
them, profaning the throne of David in their pride. But Thou,
Lord, will cast them down and root out their seed from the land,
when a man not of our race (Pompey) rises up against them. . . .

Behold, O Lord, and raise np their king the Son of David at the time
that Thou hast appointed, to reign over Israel Thy servant; and gird

him with strengtn to crush unjust rulers ; to cleanse Jerusalem
from the heathen that tread it under foot, to cast out sinners from
Thy inheritance; to break the pride of sinners and all their strength
as potter's vessels with a rod of iron (Ps. h. 9); to destroy the law-
less nations with the word of his mouth (Isa. xi. 4) ; to gather a

holy nation and lead them in righteousness. . . . He shall divide
thom by tribes in the land, and no stranger and foreigner shall dwell
with them; he shall judge the nations in wisdom and righteousness.

The heathen nations shall servo under his yoke ; he shall glorify

the Lord before all the earth, and cleanse Jerusalem in holiness as in

the beginning. From the ends of the earth all nations shall come
to see his glory and bring the weary sons of Zion as gifts (Isa. Ix.

3 sq.); to see the glory of the Lord with which God hath crowned
him, for he is over them a righteous king taught of God. In his

days there shall be no unrighteousness in their midst; for they are

all holy, and their king the anointed of the Lord (;^;)i{rTJ!)tiipio!, niis-

translation of niiT n'K'D). He shall not trust on horses and ridere

and bowmen, nor heap up gold and silver for war, nor put his confi-

dence in a multitude for the day of war. 'The Lord is king,' tljat ia

his hope. , . . He is pure from sin to rule a great people, to rebuke
governors and destroy sinners by bis mighty word. In all his days
he is free from offence against his God, for He hath made him
strong by the Holy Spirit. . . . His hone ia in the Lord ; who
can do aught against him ? Strong in deeds and mighty in the fear

of the Lord, he feedoth the flock of the Lord in truth and righteous-

ness, and sufTereth not one of them to stumble in the pasture. . . .

So it besoemeth the king of Israel whom God hath cIioscb to lead

the house of Israel. . . . God hasten His mercy on Israel to

deliver them from the unclennness of profane foes. The Lord is our

king for ever and ever."

—

Psalt. Sol. xvii.

This conception is traced in lines too firm to be those of a

first essay; it had doubtless grown upas an integral part of

the religious protest against the Hasmonsans. And while

the polemical motive is obvious, and the argument from

prophecy against the legitimacy of a non-Davidic dynasty

is quite in the manner of the scribes, the spirit of theocratic

fervour v/hich inspires the picture of the Mepsiah is broader

and deeper than their narrow legalism. In a word, the

Jewish doctrine of the Jlessiah marks the fusion of

Pharisaism with the national religious feeling of the
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Maccabee revival. Jt is this national feeling that, claim-

ing a leader against tbo Jlonians as well as deliverance

from the Sadducee aristocracy, again sets the idea of the

kingship rather than that of resun-eotion and individual

retribution in the central place which it had lost since the

captivity. Henceforward the doctrine of the Messiah is

at once the centre of popular hope and the object of

theological culture. The New Testament is the best

evidence of its influence on the masses (see especiaUy Matt,

xxi. 9); and the exegesis of the Targums, which in its

beginnings doubtless reaches back before the time of

Christ, shows how it was fostered by the Rabbins and

preached in the synagogues.^ Its diffusion far beyond

Palestine, and in circles least accessible to such ideas, is

proved by the fact that Philo himself {De Prxm. et Pcen.,

§ 16) gives a Messianic interpretation of Num. xxiv. 27

(LXX.). It must not indeed be supposed that the doctrine

was as j'et the undisputed part of Hebrew faith which it

became when the fall of the state and the antithesis to

Christianity threw all Jewish thought into the lines of the

Pharisees. It has, for example, no place in the Assumptio

Afosis or the Book of Jubilees. But, as the fatal struggle

with Rome became more and more imminent, the eschato-

logical hopes which increasingly absorbed the Hebrew
mind all group themselves round .the person of the

Messiah. In the later parts of the Book of Enoch, (the

"symbols" of chaps, xlv. sq.) the judgment day of the

Messiah (identified with Daniel's " Son of Man ") stands

in the forefront of the eschatological picture. Josephus

{£. J. vi. 5, § 4) testifies that the belief in the immediate

appearance of the Messianic king gave the chief impulse

to the war that ended in the destruction of the Jewish

state ; after the fall of the temple the last apocalypses

{Baruch, 4 Ezra) still loudly proclaim the near victory of

the God-sent king ; and Bar Cochebas, the leader of the

revolt against Hadrian, was actually greeted as the Messiah

by Rabbi Akiba (comp. Luke xxi. 8). These hopes were

a^in quenched in blood ; the political Idea of the Jlessiah,

the restorer of the Jewish state, still finds utterance in the

daily prayer of every Jew (the Sh'mone Esre), and is en-

shrined in the system of Rabbinical theology ; but its his-

torical significance was buried in the ruins of Jerusalem.^

But the proof written in fire and blood on the fair face

of Palestine that the true kingdom- of God could no't be

realized in the forms of an earthly state, and under the

limitations, of national particularism, was not the final

refutation of the hope of the Old Testament. Amidst the

last convulsions of political Judaism a new and .spiritual

conception of the kingdom of God, of salvation, and of the

Saviour of God's anointing, had Shaped itself through the

preaching, the death, and the resurrection of Jesus of

Nazareth. As applied to Jesus the name of Messiah lost

all its political and national significance, for His victory over

the world, whereby He approved himself the true captain

of salvation, was consummated, not amidst the flash of

earthly swords.or the lurid glare of the lightnings of Elias,

^ The Targumic p.i'Jsages that speak of the Messiah are registered

by Biuxtorf, Lex. Chald., s.v.

^ False Messiahs have continued from time to time to appear among
the Jews. Such was Serenus of Syria {circa 720 A.D. ). Soon after,

Messianic hopes were active at tlie time of the fall of the Omay-
yads, and led to a serious rising under Abu 'Isa of Ispahan, wlio

called himself forerunner of the Messiah. The false Messiah Dovid
Alrui (Alroy) appeared among the warlike Jews in Azerbijan in the

middle of the 12th century. The Messianic claims of Abraham Abu-
lafia of Saragossa (bom 1240) had a cabalistic basis, and the same
studies encouraged the wildest hopes at a later time. Thus Aburbanel
calculated the coming of the Messiah for 1503 'A.D. ; the ye.ar 1500
was in many places observed as- a preparatory season of penance ; and
throughout the 16th century the Jews were much stirred and more
than one false Messi.-ih appeared. For the false Messiah Sabbathai,

see vol. xiii. p. 681

but in the atomng death through which He entered into

the heavenly glory. Between the Messiah of the Jews
and the Son of Man who came not to be ministered to but

to minister, and to give his life a rausom for many, there

was on the surface little resemblance ; and from their

standpoint the Pharisees reasoned not amiss that the

marks of the Messiah were conspicuously absent from this

Christ. But when we look at the deeper side of the

Messianic conception in the Psalter of Solomon, at the

heartfelt longing for a leader in the way of righteousness

and acceptance with God which underlies the aspira-

tions after political deliverance, we see that it was in no
inere spirit of accommodation to prevailing language that

Jesus did not disdain the name in which aU the hopes of

the Old Testament were gathered up. The kingdom of

God is the centre of all spiritual faith, and the perception

that that kingdom can never be realized without a personal

centre, a representative of God •nith man and man with

God, was the thought, reaching far beyond the narrow
range of Pharisaic legalism, which was the last lesson of

the vicissitudes of the Old Testament dispensation, the

spiritual truth that lay beneath that last movement of

Judaism which concentrated the hope of Israel in the

person of the anointed of Jehovah.

It would carry us too far to consider in this place the details of

the Jewish conception of the Messiah and the Messianic times as

they appear in the later apocalypses or in Rabbinical theoloCT. See
for the former the excellent summary of Schiirer, KTlichc Zeit-

gcschichie, §§ 28, 29 (Leipsic, 1874), and for the latter, besides the
older books catalogued by Schui-er (of which Schocttgeu, Horse,

1742, and Bertholdt, Christologia Judxorum, ISll, may be specially

named), Weber, Altsynagogah Thcologic (Leipsic, 1880). For the
whole subject see also Drummond, TJie Jewish Messiah (London,
1877), and Kuenen, Religion of Israel, chap. xii. For the Messianic
hopes of the Pharisees and the Psalter of Solomon see esp'ecially

Wellhausen, Pharisiicr luid Sadduciicr (Greifswald, 1874). In its

ultimate form the Messianic hope of the Jews is the centre of the

whole eschatology, embracing the doctrine of the last troubles of

Israel (called by the Rabbins the " birth pangs of the Messiah "),

the appearing of the anointed king, the annihilation of the hostile

enemy, tlie return of the dispersed of Israel, the glory and world-

sovereignty of the elect, the new world, the resurrection of the dead,

and the last judgment. But.even the final form of Jewish theology
shows much vacillation as to these details, especially as regards their

sequence and mutual relation, thus betraying the inadequacy of the

harmonistic method by which they were derived from the Old
Testament and the stormy excitement in which the Messianic idea

was developed. It is, for example, an open question among the

Rabbins whether the days of the Messiah belong to the old or to

the new world (H-tri D^iyn or N3n D?iyri), whether the resurrec-

tion embraces all men or only the righteous, whether it precedes or

follows the Jlessianic age. Compare Millennium.
We must also pass over the very impoi-tant questions that arise

as to the gradual extrication of the New Testament idea of the

Clnist from the elements of Jewish political doctrine which had
so strong a hold of many of the first disciples—the relation, for ex-

ample, of the New Testament Apocalypse to contemporary Jewish
thought. A word, however, is necessary as to the Rabbinical doc-

trine of the Messiah who sudors and dies for Israel, the Jlessiah son

of Joseph or son of Ephr.iim, who in Jewish tlieology is distinguished

from and subordinate to the victorious sou of David. The devel-

oped form of this idea is .ilmost certainly a product of the polemic
with Christianity, in which the Rabbins were hard pressed by argu-

ments from passages (especially Isa. liii.) which their own exegesis

admitted to be Messianic, though it did not accejit the Cluistian

inferences as to the atoning death of the Messianic king. That the

Jews in the time of Clirist believed in a suffering and atoning
Messiah is, to say the least, unproved and highly improbable. See,

besides the books above cited, De Wettc, Opuscida ; AViinsche,

Die Leiden des Mcssins, ISVO. The 0|>posite argument of King, The
Ycdkut on Zcchariah (Cambridge, 1882), App. \, does not really

prove more than that the doctrine of the Jlessiah Ben Joseph found
points of attachment in older thought. (\V. R. S.

)

MESSINA, a city and seajjort at the north-e^st corner

of Sicily, capital of the province of the same name,' is

3 The province occupies the north-east conier of the island, and is

60 miles in length by 30 in breadth. It is chiefly occupied with moun-
tain ranges and valleys ; there are few plains. The largest river is the
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situated on the Straits of Messina (at this point about
4 miles wide), 8 miles north-west of Reggio and 130
miles east by north of Palermo, in 38° 15' N. lat., 15° 30'

E. long. The town is built between the sea and a range

of sharp and rugged hills, called the Dinnamare, 3707
feet at their highest point. It runs in a semicircle round
the harbour, and presents a picturesque appearance from
the sea, a? the houses rise in tiers upon the slope of a hill,

and behind are the wooded mountains.

Messina is the second town of Sicily in importance and in

size. Its population was 97,074 in 1850, 11 1,854 in 1871,
and 1 26,497 in 1881. It is an archiepiscopal see, and has

a university, founded by the.Jesuits in 1548, with a public

library of 56,000 volumes.

The excellence of its harbour makes Messina an import-
ant trading town. The 'harbour is formed by a tongue of

low land which runs out from the shore in the form of a
sickle, and encloses a round basin, open to the north only,

where the entrance channel is about 500 yards wide. This
basin is 11 miles in circumference, and is of such depth
that the largest vessels are able to use it. It is estimated
that 1300 steamers, with a total of 1,000,000 tons burthen,

and 9000 sailing ships, with a total of 500,000 tons bur-

then, enter the port yearly. The exports of Messina consist

chiefly of oranges, lemons, raisins, wine, oil, liquorice, and
hides. There is no prominent manufacture; but silk stuffs

are made in considerable quantities, ilany of the inhabit-

ants are engaged in fishing, chiefly f»r tunny. Sword-fish

ilso are captured with the harpoon in the Straits during
July and August. Coral fishery is a trade of the people.

The hills behind Messina produce a strong dark wine,

inferior to that which is made in other parts of the

island

Messina has few buildings of importance or antiquity.

The sieges and earthquakes from which the town has

suffered destroyed most of its monuments. After the great

earthquake in 1783 the city was almost entirely rebuilt,

rhe cathedral, the principal building, is a church of the

Norman period. It was begun in 1098 by Count Koger
[., and finished by his son Koger II. The church is in the

form of a Latin cross, 305 feet long and 145 feet vride in

the transepts. The lower half of the fagade is encrusted

with slabs of red and white marble. It has three Gothic
portals, with pointed arches and rich ornamentation,

belonging to the period of the Anjou dynasty. The nave
contains twenty-sLx columns of Egj-ptian granite, said to

have been brought from an ancient temple of Poseidon
which stood near the Faro. The mosaics of the apses date

from the year 1330. In the choir are the sarcophagi of

the emperor Conrad IV. (d. 1254), of Alphonso the Generous
(d. 1458), and of Antonia, widow of Frederick III. of

Aragon. In 1254 the cathedral was seriously damaged by
fire; in 1559 the campanile was burned down; in 1783
the earthquake overthrew the campanile and the transept.

The building therefore offers a mixture of styles,— first

Korman, then Gothic, then Early Renaissance, finally

Barocco and Modern Gothic.

The history of Messina begins very early. It is said to have been
founded, on the site of a more ancient Sicilian town, by pirates

from Cumse, in 732 B.C. It took its earlier name of Zancle (a

sickle) from the shape of its harbour. The number of its inhabit-

ants was increased by an influx of Chaleidians under Crat.emenes:
and in 649 B.C. the town was- sufficiently prosperous and populous
to establish a colony at Kimera. The Samians occupied Zancle for

a short time after Miletus had been captured by the Persians in

49 J B.C. In the following year the city fell into the hands of

Anaxilas, tyrant of Hhegium, who introduced a population of

Messenians, from Messenia in the Peloponnesus ; and they changed
the name of the place to Messana, in the Done pronunciation, to

Alcantara 4'he chief toiv-ns are Messina, Castroreale, Mistretta,

Patti, and Milazzo. The population in 1851 was 330,279, iu 1871

420,619, and in 1881 467,233.
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remind them of their fatnerland. Tlie sons of Anaxilas were ex-
pelled from the government of Messina in 466 B.C., and a republic
established ; and this government was continued until Messina
.fell into the hands of the Carthaginians during their wars with"
Dionysius the elder of Syracuse (396 B.C.). The Carthaginians
destroyed the city ; but Dionysius recaptured aud rebuilt it.

During the next fifty years Messina changed masters several times,
till Timoleon fibally e.-cpelled the Carthaginians in 343 B.C. In the
wars between Agathoclcs of Syracuse and Carthage, Messina took
the side of the Carthaginians. Agathocles's mercenaries, the
Mamertines, treacherously seized the town in 288 B.C. and held it.

They came to war with Hiero II. of Syracuse, after Agathocles's
death

; and Hiero's allies, the Carthaginians, helped him to reduce
Messina. The Mamertines appealed for help to Rome, which was
granted, and this led to a cclli.sion between Rome and Carthage,
which ended in the First Punie War. At the close of that war, iu
241 B.C., Messina became a possession of the Romans. During
the civil wars which followed the death of Julius Csesar, Messina
held with Sextus Pompeius ; and in 35 B.C. it was sacked by
Octavian's troops. After Octavian's proclamation as emperor he
founded a colouy here ; and Messina continued to flourish as a
trading port. In the division of the Roman empire it belonged to
the emperors of the East ; and in 547 A.n. Belisarius collected-

his fleet here before crossing into Calabria. The Saracens took the
city in 831 a.d. ; and in 1061 it was the first permanent coiKjuesf
made in Sicily, by the Normans under Roger d'Hauteville. In
1190 Richard Cceur de Lion with his crusaders passed six month's
in Messina. He fell out with Tancred, the last of the Hauteville
dynasty, and sacked the town. In n94'the city, with the rest of

Sicily, passed to the house of Hohenstaufen under the emperor
Henry VI., who died there in 1197. At the time of the Sicilian
Vespers (1282), which drove the French out of Sicily, Messina
bravely defended itself against Charles of Anjou, and repulsed his
attack. Peter I. of Aragon, through his commander Ruggiero di

Loria, defeated the French off the Faro ; and from 1282 to 1713
Messina remained a possession of the Spanish royal house. In 1571
the fleet fitted out by the Holy League against the Turk assembled
at Messina, and in the same year its conmiander, Don John of

Austria, celebrated a triumph in the city for his victory at Lepanto.
Don John's statue stands in the Piazza dell' Annuziata. For one
hundred years, thanks to the favours and the concessions of Charles
v., Messina enjoyed great prosperity. But the internal quarrels
between the Merli, or aristocratic faction, and the JIalvezzi, or
democratic faction, fomented as they were by the Spaniards,
helped to ruin the city (1671-78). The Messinians suspected the
Spanish court of a desire to destroy the ancient senatorial consti-

tution of the city, and sent to France to ask the aid of Louis
XIV. in their resistance. Louis despatched a fleet into Sicilian

waters, and the French occupied the city. The Spaniards replied

by appealing to Holland, who sent a fleet under Ruyter into the
Mediterranean. The French admiral, Duquesne, defeated the
combined fleet of Spain and Holland, but, notwithstanding this

victory, the French suddenly abandoned Messin.-x in 1678, and the
Spanish occupied the town once more. The senate was suppressed,

and Messina lost its privileges. This was fatal to the importance
of the city, and it never recovered. In 1743 the plague carried off

40,000 inhabitants. The city was partially destroyed by earth-

quake in 1783. During the revolution of 1848 against the Bourbons
of Naples, Messina was bombarded for three consecutive days. In

1854 the deaths from cholera numbered about 15,000. Garibaldi

landed in Sicily in 1860, and Messina was the last city in the island

taken from the Bourbons and made a part of united Italy under
Victor Emmanuel.

Messina was the birthplace of the following celebrated men:
Dicaearchus, the historian {cir. 322 B.C.) ; Aristocles, the Peri-

patetic ; Euhemerus, the rationalist (cir. 316 B.C.); Stefano

Protonotario, Mazzeo di Ricco, and Tomniasodi Sa.«so, poets of the

court of Frederick II. (1250 A.n.) ; and Antonello da Messina, th«i

painter (1447-99), .five of whose works are preserved in the

university gallery. During the 15th century the grammarian
Constantine Lascaris taught in Messina : and Bessarion was for a

time archimandrite there.

JIETALLURGY, a branch of applied science whose

object is to describe and scientifically criticize the methods

used industrially for the extraction of metals from their

ores. Of the large number of metals enumerated in the

handbooks of chemistry, the vast maj'ority, of course, lie

outside its range ; but it is perhaps as well for us to point

out that in metallurgic discussions even the term
" metallic," as applied to compounds, has a restricted

meaning, being exclusive of all the light metals, although

one of these, namely aluminium, is being manufactured

industrially. The fallowing table enumerates in the order

of their importance the metals which our subject at i)reseiit
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•8 understood to include ; the second column in each case

gives the chemical characters of the native compounds
utilized, italics indicating ores of subordinate importance.
The term " oxide " must be understood to include carbon-

ate, hydrate, and occasionally (when marked in the table

with *) silicate.

SlctaL Character of Orel,

Iron , Oxides, sulphide.

dopper I
Complex sulphides, also oxides,

" " ( mdal.

gj2^jy
i Sulphide and regnlins meta'
( chloride.

Gold Reguline meta^

Leaj I Sulphide and basic-carbooate, »u/-
•( phale, &c

Zinc Sulphide, oxide.*
Tin Oxide.
Mercury Sulphide, reguline metaL
Antimony Sulphide.
Bismuth ....Reguline metal.
Nickel and cobalt Arsenides.

Platinnra and platinum metals... Reguline.
Aluminium ;...Oxide,* sodio-fluoride.

We have separated the last two from the rest because
the methods used for their preparation are more of the

character of laboratory operations, and because we do not
mean to include these in our general exposition of metal-

lurgic principles. The history of metallurgy, up to the

most recent times, is obscure. It is only since about the

beginning of this century that the art has come to be at

all scientifically criticized ; and in the case of the most
important processes aU that science has been able to do
has been merely to put her stamp upon what experience

has long found to be right. Great and brilliantly

successful scientLflc efforts in the synthetic line are not

wanting,, but they all belong to recent times. Science, by
its very nature, aims at publicity ; empiricism at all times

has done the reverse ; hence a history of the development
of the art of metallurgy does not and cannot exist. A
few historical notes on the discovery of certain of the useful

mcuals are given in the introduction to Metals (q.v.).

General Sequence of Operations.—Occasionally metallic

ores present themselves in the shape of practically pure
compact masses, from which the accompanying matrix or
" gaigue " can be detached by hand and hammer. But
this is a rare exception. In most cases the "ore," as it

comes out of the mine, is simply a mixture of ore proper

and gangue, in which the latter not unfrequently predomi-
nates so much that it is not the gangue but the ore that

really occupies the position of what the chemist would call

the impurity. Hence, in general, it is necessary, or at

least expedient, to purify the ore as such before the libera-

tion of the metal is attempted. Most metallic ores are

specifically heavier than the impurities accompanying them,
and their purification may be (and generally is) effected

*by reducing the crude ore to a fine enough powder to

detach the metallic from the earthy part, and then washing
away the latter by a current of water, as far as possible.

In the case of a " reguline " ore, such as auriferous quartz,

for instance, the ore thus concentrated may consist substan-

tially of the metal itself, and require only to be melted
down and cast into ingots to be ready for the market.
This, however, is a rare case, the vast majority of ores

being chemical compounds, which for the extraction of

their metals demand chemical treatment. The chemical

operations involved may be classified as follows :

—

1. Fiery Operations.—The ore, along in general with
some kind oi. "flux," is exposed fo the direct action of a

powerful fire. The fire iu most cases has a chemical, in

addition to its obvious physical function. It is intended

either to bum away certain components ct the ore—in

which case it must be so regulated as to contain a sufficient

excess of unburned oxygen ; or it is meant to deoxidize

("reduce") the ore, when the draught must be restricted

so as to keep the ore constantly wrapped up in combustible

flame gases (carbonic oxide, hydrogen, marsh-gas, &c.).

The vast majority of the chemical operations of metallurgy

fall into this category, and in these processes other metal-

reducing agents than those naturally contained in the fire

for wind) are only exceptionally employed.

2. Amalgamation.—The ore by itself (if it happens t)

be a reguline one), or the ore plus certain reagents (if it

does not), is worked up with mercury so that the metal is

obtained ultimately as an amalgam, which can be separated

mechanically from the dross. The purified amalgam is

subjected to distillation, when the mercury is recovered as

a distillate while the metal remains.

3. Wet Processes.—Strictly speaking, certain amalgama-
tion methods fall under this head ; but, in its ordinary

acceptance, the term refer* to processes in which the metal

is extracted either from tl, natural ore, or from the ore as

it is after roasting or some jther preliminary treatment, by
means of an aqueous acid )r salt solution, and from this

solution precipitated—gen. rally in the reguline form—by
some suitable reagent.

Few methods of metal extraction at once yield a pure

product. What as a rule is obtained is a more or less

impure metal, which requires to be " refined " to become
fit for the market. We now pass to the individual con-

sideration of the several steps referred to.

Comminution of Ores.—Assuming the ore to be given iuthe shape
of large lumps, these must first be broken up into small stones (tf

about the size of those used for macadamizing a road) before they can
go to the grinding-mill. This formerly used to be done by hand-
work; nowadays it is preferably effected by means of an American
invention called the stone-breaker (tig. 1). This consists essentially of

two substantial vertical iron plates; one is fixed, the other is connected
with an excentric worked by an engine so as to alternately dash against
and recede from the former. The lumps of ore, in passing through
this jaw-like contrivanc" are broken un into smaller fragments fit for

Fio. 1.—American Stone-Breaker.

the mill. For the production of a coarse powder revolving cylinder*

are often employed. Two cylinders of equal diameter and length,

made of iron, steel, or stone, are suspended by parallel axes iu close

proximity to each other. The width of the slit between them can
be made to vary according to the requirements of the case. The
cylinders are made to revolve in opposite directions, so that the
stones when run into the groove formed by their upper halves are

drawn between them and are crushed into bits of a size depending
on the least distance between the two surfaces. Exceptionally hard
stones might bring the machine to a standstill or cause breakages

;

hence only one of the two axes of rotation is absolutely fixed ; the

cushions of the other are only held m relatively fixed positions,

each between a couple of guiding rails, by means of powerful springs

at their backs. The springs are made of alternate disks of india-

rubber and sheet-iron, auJ yield appreciably only to very stronf;

pressures. 'When an exceptionally hard stone cornea on, they yield
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and allow it to pass tirou2"fi nncmsTiBd. Sometimes two sets of
cylinders are arranged one above, the other, so that the grit from the
upper falls into the jaws of the lower set to receive further com-
minution. The diameter of the cylinders is from a foot to a yard,
their length from 9 inches to a yard, the velocity of a point on the
periphery a foot to a yard per second. The quantity of ore reduced
pr hour per horse-power is about 5 cubic feet for quartz or other
hard minerals, and about 14 cubic feet for minerals of moderate
hardness.

For the production of a relatively fine powder the pounding-mill
is frequently used, which, in its action, is analogous to a mortar and
pestle. The mortar is a rectangular trough, while tlio pestle is

replaced by a parallel set of heaVy metal or nietalsliod beams,
which, (by means of a revolving cylinder with cogs catching pro-
jections on the beams) are lifted up in succession and tlien

let fall by their own weight so as to pound up the ore in the trough.
The ore is supplied from a prismatic reservoir with a sloping
bottom leading into a canal through which the stones slide into

the trough. A current of water, which constantly flows into the
trough from below, lifts up the finer particles and carries them
away over the edge of the trough into a settling tank.

The object pursued in powdering an ore is to prepare it for being
purified by washing. But the velocitj' with which a solid particle

falls through water depends on its size as well as on its specific

gravity—an increase in either accelerating the fall ; hence, where
the difference in specific gravity between the things to be separated

is small, the washing must be preceded by a separation of the ore-

powder into portions of approximately equal fineness. This is often

effected by passing the ore through a system of sieves of different

width of mesh superposed over one another, the coarser sieve

always occupying the higher position. Sometimes the sieves are

made to "go dry," sometimes they are aided in their action by a

current of water which, more effectually than mere shaking, pre-

vents adherence of dust to coarser parts.

Another contrivance is the " Drum " (fig. 2). A long perforated

circular cylinder made of sheet-iron, open at both ends, is suspended,

in a sloping position, by a revolving shaft passing through its axis.

The size of the perforations is generally made to increase in passing

from the upper to the lower belts of the cylinder. While the drum

Fia. 2.—Drum.

is revolving, the ore, suspended in water, flows in at the upper end,

and in traveUing down it casts off first its finest and then its coarser

parts, the coarsest only reaching the exit at the lower end.
.
Ihe

several grades of powder produced fall each into a separate division

of the coUecting tank.

The drum, of course, is subject to endless modifications.
_
A

very ingenious combination is H. E. Taylor's "Drum Dressing

Machine" (fig 3). It consists of three truncated cone-shaped

drums D, fixed co-axially to the same horizontal revolving shaft,

Fig. 3.—Taylor's Drum Dressing Machine.

M that the narrow end of No. 1 projects into the wider «»J "f ^o 2

and No. 2 similarly into No. 3. The drums are not perforated bu

are armedinside with screw-threads formed of strips of sheet metal

fixed edgeways to the drum. The ore grit to be dressed Is placed
in a hopper A, and from it, by a worm B fixed to the revolving
shaft, is being screwed forward into a short fixed truncated cone V
projecting into the revolving drum No. 1, into which it flows in
a constant current. The rotary motion of the drum tends to
convey the ore along the spiral path prescribed by the eciew-thread
towards the other end, and from it into drum No. 2, and so on.
But the ore in each drum meets with a jet of water E impelling
it the opposite way, and the efi'ect is that, in each drum, the
lighter parts follow the water, and with it run off over the
entrance edge to be collected in a special tank, while the coarser
parts roll down the spiral path toward the next drum to undergo
further parting. The tank or pit for drum 1 receives the finest

and lightest parts, that of drum 2 a heavier, that of drum 3 a
still heavier portion, while only the very heaviest matter finds
its way out of the exit end of No. 3 into a fourth receptacle.

Of the large number of other ore-dressers, only two need be men-
tioned here.

The "Clausthal Turn-Table" consists of a circular table, the sur-
face of which rises from the periphery towards the centre so as te

form a very flat cone of about 170°, which is fixed co-axially to a ver-

tical rotary shaft. At the ape.x of the table, surrounding the shaft,

but indfpendent of its motion, there is a circular trough of sheet zinc,
divided into two compartments ; one receives a stream of water
carrying the ore, the other a supply of pure water. A large annu-
lar trough of sheet zinc is placed below ihe periphery of the tabl^
so as to receive whatever may fall over the edge. It also is divided
into compartments, as shall be e.\plained further on. Supposing the
table to be at rest, a sector of about 60° of it would be constantly
run over by the ore-mud out of the first compartment of the upper
trough. This mud current would sufl"er partial separation into

heavier and lighter parts,—rich ore resting in the higher and
poorer in the lower latitudes, and a still poorer ore falling over the

periphery into the lower trough. The same happens with the
moving table; only each sector of such partially analysed ore under-
goes further purification by passing through about 90° of wattr-

shower. After passing this, it meets with a perforated fixed water-

pipe going up radially to about half the radius of the table. This

pipe also carries sweeping brushes, so that the belt of ote from the

lower latitudes of the table is swept ofl'in to the corresponding section

of the receiving trough. What of ore remains on the higher latitudes

subsequently meets with a similar arrangement whicli sweeps it off

into its compartment. If the table turns from the left to the right,

and we follow the process, beginning at the left edge of the ore-mud

compartment, it will be seen that a first sector of the receiving

trough gathers the light dross, a succeeding one an intermediate

{>roduct, a third the most highly purified ore. The "intermediate"

is generally run into the ore-mud trougn of a second table to be

further analysed.

In the " Continuous Wash-Pumps" (Continuirliche Setzpurcpe)

of the Harz, three funnel-shaped vessels (one of which is shown in

fig. 4) are set in a frame beside one another, but at diffei-ent levels,

BO that any overflow from No. 1 runs into No. 2 and thence into

No. 3. Each funnel communicates below with its own compart-

ment of a common cistern.

Into each funnel a riddle

with narrow meshes- is in-

serted somewhere near the

upper end, while, beside the

riddle, there is a pump of

short range, which, by
means of an excentric, is

worked so that the piston

alternately goes rapidly

down and slowly up. The
mode of working is best

explained by an example.

At Breinigerberg in Rhenish

Prussia the apparatus serves

to separate a comjdex ore

into the following four

parts, which we enumerate

in the order of their specific

gravities—(1) galena (the

heaviest), (2) pyrites, (3)

blende, (4) dross. Sieve

No. 1 is charged with

granules of galena, just

largo enough not to slip

through the meshes. No. 2

similarly with granules of „ , i • i

pyrites. No. 3 with those of blende. The crude ore-mud goes into

sieve 1 ; the jerking action of the pump alteniately tosses the

particles up into the"^ water and aUows them to fall
;
the heav.es

naturally come down first, but what is most striking is that

nothing will pass through the bed of galena but what 'sat least

I as heavy as galena itself. In a similar manner No. 2 and No. 3

Flo. 4.—Continuous Wash-Pump.
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funnels sift out the pyrites aniJ tTie blende respectively, so that

almost nothing but urosa runs off ultimately. The apparatus is

said to do its work with a wonderful degree of precision, and of

cooree is susceptible of wider application, but it ceases to work
when the raw material is a slime so fine that the particles fail too
slowly.

Modes 0/ Producing Btgh TemperatuTes.~-yioat of what is to be
Bald on thia topic has already been anticipated in the articles

Fbkl, Fdrnace, and Beliows ; but a few notes may be added
on specially raetallurgic points.

Furnace Materials.—In a metallurgic furnace the working parts

at least must be made of special materials capable of withstanding
tlie very high temperatures to which they are e-icposed and the

action of the fluxes which may be used. No practically available

material fully meets both reijuirements, but there is no lack of

merely fi^-proof substances.

Of native stones, a pure quartzose sandstone, free from marl,

may be named as being well adapted for the generality of structures;

but such sandstone, or indood any kind of fire-proof stone, is not
always at hand. What is more readily procured, and consequently
more widely used, is refractory brick, made from "fire-clay." The
characteristic chemical feature of fire-clays is that in them the clay

proper (always some kind of hydrated silicate of alumina) is associated

with only small proportions of lime, magnesia, ferrous oxide, or
other protoxides. If the percentage of tliese goes beyond certain

limits, the bricks, when Strongly heated, melt down into a slag.

The presence of free silica, on the other hand, adds to their refrac-

toriness. In fact the best fire-bricks in existence are the so-called

Dinas bricks, which consist substantially of silica, contaminated
only with just enough of bases to cause it to frit together on bein^
baked. Dinas bricks, however, on account of their high price, are

reserved for special cases involving exceptionally high temperatures.

Amongst ordinary fire-bricks those from Stourbiidge enjoy the

highest reputation. It fojiows from what has just been said that,

in a metallurgic furnace, lime-mcutar cannot be used as a cement,
but must be replaced by fire-clay paste.

In the construction of cupels, reverberatory furnaces, &c., only
the general groundwork is, as a rule, made of built bricks, and this

groundwork is c'Sated over with some kind of special fire-proof and
flux-proof material, such as bone-ash, a mixture of baked fire-clay

and cokes or graphite, or of quartz and very highly silicated slags, &c.

These beddings are put on in a loose powdery form, and then stamped
fast They offer the advantage that, when worn out, they are easily

removed and renewed. The powerful draught which a metallurgic

fire needs can be produced by a chimney, where the fuel forms a
relatively shallow layer spread over a large grating; but, when
closely-paoked deep masses of fuel or fuel and ore have to be kept
ablaze, a blast becomes indispensable.

Chimneys.—The efficiency of a chimney is' measured by the

velocity V with Which the air ascends through it, multiplied by its

section ; and the former is in roughly approximate accordance
with the formula

V= iV2!7MT-T„)/T7,
where h stands for the height of the chimney, g for the acceleration

of gravity (32'2 feet per second), and T and T,, for the absolute
temperatures (meaning the temperatures counted from - 273' C.) of
the air within and the air without the chimney respectively, wliile

i is a factor meant to account for the resistances which the air, in
its progress through the furnace, &c., has to overcome. In practice

T is taken as the mean temperature of the chimney gases, which
theoretically is not unobjectionable ; but the weakest point in the
formula is the smallness and utter inconstancy of the factor k,

whichj according to P&let, generally assumes some value of the
power i, f, &c. Yet the formula is of some use as enabling
one to see the way in which V depends on A and (T - T„)/T(, con-
jointly,—to see, for instance, how deficient chimney height may bo
compensated for by an increase of temperature in the chimney
gases, and vice versa,

Blowing-Machines.—Of the several kinds of blowers described
under BellovVS {q.v.), the " fans " are the best means for producing
large volumes of wind of relatively sn all but steady pressure ;

"bellows" are indicated in the case of work on a relatively small

scale requiring moderate wind pressure; while the "cylinder blast"

comes in where large masses of hish-prBMU'e wind ar« required.

Two highly iuteresting blowing-machines, however, efa omitted in

that article, which may be shortly described here.

The "Water Blast" (Wassortrommelgeblase) is interesting

historically, having been used motallurgically in Hungary for

many centuries. A mass of water, stored up in a reservoir, is made
to fall down continuously through a high narrow vertical shaft

having air-holes at its upper end. The vertical column of water
sucks in air through these holes and carries it down with it into a
kind of inverted tub standing in a reservoir kept at a constant
level Air and water there sep'arate, the former flowing away
through a pipe into a wind-box, from which it is led to its uestiui-

tion.

The "Cagniardelle" (figs. 6, 6), so called from its inventor Cagniard'
Latour, also utilizes water to carry air, but in quite another way. By
inerius df a round shaft passing through its axis, a cylindrical drum
of sheet-metal is suspended slantingly in a mass of water, so that the
lower end is fully immersed, while of the upper end the segment
above the upper side of the shaft is uncovered. The space between
ehaft and drum is converted into a very wide screw-shaped canal by
a band of sheet-metal hermetically fixed edgeways to the two. Both
the top and the bottom end of the drum are partially closed by fiat

Fig. 6.

Fio. 5.—Caguiard^e.

bottoms Boldered or riveted to the respective edges; the lowei

ono leaves a ring-shnped opening between its edge and the shaft,

which serves for the introduction of a fixed air-pipe bent so as to

reach up to near the top of the drum's air-space ; in the uppei
bottom three quadrants are closed, the fourth is open. Supposing

the screw-canal, traced from below, to go from the left to the righC
the drum is made to revolve in the same sense, and the efTect is that,

in each revolution, the screw-canal at its top end swallows a eertair

volume of air which, by the succeeding entrance of the water—which,

of course, moves relatively to tlie'screw

—is pushed towards and ultimately into

the air-space at the bottom end. The

,

Cagniardelle yields a perfectly continu-

ous blast, and, as it is not encumbered
with any dead resistances except the

friction of the shaft against its bearings

(which can be reduced to very little)

aiid the very slight friction of the water

against the screw-canal, it utilizes a

very large Tiercentage of the energy

spent on it. This percentage, accord-

ing to experiments by Schwamkrug,
amounts to from 75 to 81 5 ; in tlie

case of the cylinder-blast it is 60 to 65 per cent. , with beHooe,

about 40 i>er cent ; with the " Wassertrommelgeblasa'' 10 to 15 pt
cent Hence the " Wassertromnielgeblase " stands last in reUtivn

efficiency ; but we must not forget that it alone directly utilizes

native energy, while, in the cylinder blast, for example, 100 units

of work done by the steam-engine involve a vastly greater eueigy

spent on tho engine as heat-

To maintain a desired temperature in a given furnace charged is

a certain manner, the introduction of a certain volume of air per

unit of time is necessary Cut this quantity, in a given bloning-

in;ichine, is determinnd by the over-]>ressure of the wind, as

measured by a iiianomeier, the velocity of the wind being apprcxi-

matcJy proportional to vM/lB-hM), where M stands for the height

of the ineroury-manomcter, and B for that of the barometer,

llence the practical metallurgist, in adjusting his blnst, has nothing

to do but to see that the manometer shows the reading which, by

previous trials, has been proved to yield an adequate supply of wind.

Flic!.—In some isolated cases the ore itself, by its combustion,

supiilies the necessary heat for the operation to lie performed uyioa

it Thus, for instance, the roasting of blackbaiid irun-stone is

effected by simply liiling up the ore and setting fire to it, so that

the ore is at the same time its own furnace and fuel ; in the

Bessemer process of steel-making, the burning carbon of tho jiig-

iron supplies the heat necessary for its own combustion ; and a

similar jirocess has been tried experimentally, and not without

success, for the working up of certain kinds of pyrites. But, as a

rule, the high temperatures required for the working of ores are pro-

duced by the combustion of extraneous fuel, such as wood, wood-
charcoal, coal, coke. Of tlicso four, wood-charcoal is of the widest

applicability, but not Liuch n^ed in Britain on acconnt of its

high price, High-tlass uoke or pure anthracite, volume for volume.
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gi703 tlie highest temperatnre. Wood or coal is indicated when a

voluminous Hame is one of the requisites. Obviously fuel of the
same l<ind and quality gives a higher calorific intensity when, before

use, it is deprived by drying of its moisture, or when it is used in

conjunction with a hot instead of a cold blast. This latter prin-

ciple, as every one knows, is largely discounted in the manufacture

of pig-iron, where nowadays coal, with the help of the hot blast,

is made to do what formerly could only b^ effected with charcoal or

coke. For further information see Fuel and Iron.

Chemical Operations.—In regard to processes of amalgamation

jnd to wet-way processes, we have nothing to add to what was given

in a previous paragraph ; ' we therefore here confine ourselves, in

the main, to pyro-chemical operations.

Tlio method to be adapted for the extraction of a metal from its

ore is determined chiefly, though not entirely, by the nature of the

non-metallic component with which the metal is combined. The
simplest case is that of the reguline ores where there is no non-

metallic element The important cases are those of Gold, BiSMniH,
and Mercury {q.v.).

Oxides, Hydrates, Carbonates a:id Silicates.—All iron and tin ores

proper fall under this heading, which, besides, comprises certain ores

of copper, of lead, and of zinc. In any case the lirst step consists

in subjecting the crude ore to a roasting process, the object of which
is to remove the water and carbonic acid, and burn away, to some
extent at least, what there may be of sulphur, arsenic, or organic

matter. The residue cclisists of an impure (perhaps a very impure)

oxide of the respective metal, which in all cases is reduced by treat-

ment with fuel at a high temperature. Should the metal be present

in the silicate form, lime must be added in the smelting to remove
the silica and liberate the oxide.

In the case of zinc the temperature required for the reduction lies

above the boiling point of the metal ; hence the mixture of ore and
reducing agent (charcoal is generally used) must be heated in a

retort combined with the necessary condensing apparatus. In all

tlie other cases the reduction is effected in the fire itself, a tower-

shaped blast furnace being preferably used. The furnace is charged
with alternate layers of fuel and ore (or rather ore and flux, see be-

low), and the whole kindled from below. The metallic oxide,

artly by the direct action of the carbon with which it is in contact,

ut principally by that of the carbonic oxide produced in the lower

strata from the oxygen of the blast and the hot carbon there, is re-

duced to the metallic state ; the metal fuses and runs down, with
the slag, to the bottom of the furnace, whence both are withdrawn
by the periodic opening of plug-holes provided for the purpose.

Sulphides.—Iron, copper, lead, zinc, mercury, silver, and anti-

mony very frequently present themselves in this state of combin-
ation, as components of a very numerous family of ores which may
be divided into two sections : (1) such as substantially consist of

simple sulphides, as iron pyrites (FeSo), galena (PbS), zinc blende
(ZnS), cinnabar (HgS) ; and (2) complex sulphides, such as the
various kinds of sulphureous copper ores (all suhstantially com-
pounds or mixtures of sulphides of copper and iron) ; bournonite,

a complex sulphide of lead, antimony, and copper ; rothgiltigerz,

sulphide of silver, antimony, and arsenic ; fahlerz, sulphides of

arsenic and antimony, combined with sulphides of copper, silver,

iron, zinc, mercury, silver ; and mixtures of these and other sul-

phides with one another.

In the treatment of a sniphvireous ore, the first step as a rule is

to subject it to oxidation by roasting it in a reverberatory or other
furnace, which, in the first instance, leads to the burning away of at

least part of the arsenic and part of the sulphur. The effect on the
several individual metallic sulphides (supposing onlv one of these
to be present) is as follows :

—

1. Tliose of silver (AgjS) and mercui-y (HgS) yield sulphurous
acid gas and metal ; iu the case of silver, sulphate is formed as an
intermediate product, at low temperatures. Jletallic mercury, in

the circumstances, goes oR'as a vapour, which is collected and con-
densed ; silver remains as a regulus, but pure sulphide of silver is

hardly ever worked.
2. Sulphides of iron and zinc yield the oxides FcoOj and ZnO as

final products, some basic sulphate being formed at the earlier stages,

more especially in the case of zinc. The oxides can be reduced by
carbon.

3. The sulphides of lead and copper yield, the former a mixture
of oxide and normal sulphate, the latter one of oxide and basic

sulphate. Sulphate of lead is stable at a reil heat ; sulphate of
copper breaks up into oxide, sulphurous acid, and oxj'gen. In
practice, neither oxidation process is eve pushed to the end ; it is

stopped as soon as'^he mixture of roasting-product and unchanged
sulphide contains oxygen and sulphur in tlie ratio of 0^ : S. The
access of air is then stopped and the whole heated to a higher
temperature, when the potential SO, actually goes off as sulphurous-
acitl gas and the whole of the met<l is eliminated as such. This
method is largely utilized in the smelting of lead (from galena) and
of copper from coppai' jiyrites. In the latter case, however, the

^ ETnmplcs are given in Gold nnd Copper. See also Silver.

sulpnide CdjS has firsi to bo produced from the ore, which is oone
substantially as follows. The ore is roasted with silica until a
certain proportion of the sulphur is burned away as SO^, while a
corresponding proportion of oxygen has gone to the metal part of
the ore. Now it so happens that copper has a far greater affinity for
sulphur than iron has ; nence any locally produced oxide of copper,
as long as suQicient sulphide of iron is left, is sure to be reconverted
into sulphide, and the final result is that, while a large quantity of
oxidized iron passes into the slag, all the copper and part of the iron
separate out asa mixed regulus of CUjS and FeS (" mat"). This
regulus, by being fused up repeatedly with oxidized copper ores or
rich copper slags (virtually with CuO and silica), gradually yields
'up the whole of its iron, so that ultimately a regulus of pure subsul-
phide of copper, CujS ("fine mat,"), is obtained, which ia worked
up for metal as above explained.

4. Sulphide of antimony, when roasted in air, is couvertea ipto
3 kind of alloy of sulphide and oxide ; the same holds for iron,
only its oxysulphide is quite readily converted into the piira

oxide FejOj by further roasting. Oxysulphide of antimony, by
suitable processes, can be reduced to metal, but these processea^aia
rarely used, because the same end is far more easily obtained by
"precipitation," i.e., withdrawing the sulphur by fusion with
metallic iron, forming metallic antimony and sulphide of iron.
Both products fuse, but readily part, because fused antimony is

far heavier than fused sulphide of iron is. A precisely similar
method is used occasionally for the reduction of lead from galena.
Sulphide of lead when fused together with metallic iron in tho
proportion of '2Fe : IPbS yields a regulus ( = lFb) and a "mat"
FcoS, which, however, on cooling, decomposes into FeS parts of

ordinary sulphide and Fe parts of finely divided iron. What wo
have just been explaining are only two special cases of a moio
general metallurgio proposition. According to Fournet, any one of

the metals copper, iron, tin, zinc, lead, silver, antimony, arsenic,

in general, is capable of desulphurizing or precipitating (at least

partially) any of the others that foUows it in the series just given,
and it does so the more readily and completely the greater the
number of intervening terms. Hence, supposing a complete mix-
ture of these metals to be melted down under ciixumstances admit-
ting of only a partial sulphuratiou of the whole, the copper has the

best chance of passing into the "mat," while the arsenic is the

first to be eliminated as such, or, in the presence of oxidants, aa

oxide.

Arsenides.—AKhongh arseilides are amongst the commonest
impurities of^ores generally, ores consisting essentially of arsenides

are comparatively rare, the most important of them are certain

double arsenides of cobalt and nickel, which in practice, however,

are always contaminated with the arsenides or other compounds of

foreign metals, such as iron, manganese, &c. The general mode of

working these ores is as follows. The ore is first roasted by itself,

when a part of the arsenic goes off as such and as oxide (both

volatile), while a complex of lower arsenides remains. This residue

is now subjected to careful oxidizing fusion in the presence of glass

or some otifier fusible solvent for metallic bases. The effect is that

the several metals are oxidized away and pass into the slag (as

silicates) in the following order,—first the manganese, secondly the

iron, thirdly the cobalt, lastly (and very slowly) the nickel ; and

at any stage the as yet unoxidized residue of arsenide assumes the

form of a fused regulus, which sinks down through the slag as a

','speis." (This term, as will readily be understood, has the same

meaning in reference to arsenidesas "mat" has in regard to sulphides.

)

By stopping the process at the right moment, we can produce a

speis which contains only cobalt and nickel, and if at this stage

also the flux is renewed we can further produce a speis which con-

tains only nickel and a slag which substantially is one of cobalt

only. The composition of the speises generally varies from AsMcj,,

to Aslle„, where " Jle" means one atomic weight of metal in toto,

so that in general lMe = s;Fe + ;/Co-l-;Ni, where a: + y-Fs = l._^ The

siliceous cobalt is utilized as a blue pigment called "smalte"; the

nickel-speis is worked up for metal, preferably by wet processes.

Minor Heagents.—Besides the oxidizing and reducing agents natu-

rally present in the fire, and the " fluxes " added for the production

of sl.igs, there are various minor reagents, of which themore im-

portant may be noticed here. One—namely, metallic iron as a

desulphurized- -has already been referred to.

Oxide of lead, PbO (litharge), is largely used as an oxidizing agent.

At a red heat, when it melts, it readily attacks all metals, except

silver and gold, the general result being the formation of a mixe^

oxide and of a mixed regulus, a distribution, in other words, ot

both the 1 rad and the metal acted on between slag and regulu%

More iupo-tant and more largely utilized is its action on metallit

sulphides, which, iu general, results in the formation of threi

things besides sulphurous acid gas, viz., a mixed oxide slag includ

ing the excess of litharge, a regulus of lead (which may iiichidi

bismuth and other more readily reducible metals), and, if tlu

litharge is not sufficient for a complete oxidation, a "i"^'"

comprising the more readily sulphurizaUe metals. Oxide of lead,

being a most powerful solvent for metallic oxides generally, is al3»



62 iM E T A L L U R G Y
largely nsed for the separation of silver or gold from base metallic

oxides.

Metallic lead is to metals generally what oxide of lead is to

metallic oxides. It accordingly is available as a solvent for so to

aav licking up small particles of metal diffused throughout a mass

of' slag cr other dross, and uniting them into one regulus. This

naturally leads us to consider the process of '• cupellation," which

discounts tne solvent powers of both metallic lead and its oxide..

This process serves for tho extruction of gold and silver from their

alloys with base metals such as copper, antimony, &c. The first

step is to fuse up the alloy with a certain proportion of lead, which

is determined by the weight of base metal to be eliminated, and

is always sufficient to produce a lead -alloy of low fusing point. This .

alloy is heated on a shallow dish-shaped bed of bone earth to red-

ness, and at this temperature subjected to the action of air. The
|

base metals (copper, &c. ) are oxidized away, the first portions as an

infusible scum containing little oxide of lead, the latter in the form

of a solution in molten litharge. Lead is, in general, less oxidiz-

able than the other base metals; hence the last instalment of liquid

litharge which runs off is pure, and the ultimately remaining regu-

lus consists of silver and gold only. These latter may be separated

by nitric acid or boiling oil of vitriol, which converts the silver into

soluble salts and leaves the gold.

Oxide of iron, and also binoxide of manganese, are nsed for the

docarburation of pig-iron. The oxygen of the reagent burns the

carbon of the fig into carbonic acid, while the metal of the

reagent becomes iron and FeO or JlnO respectively, the oxides

nniting with the silica added as such, or formed by the oxidarion

of the silicon of the pig, into a fusible slag.

Iron pyrites, FeSj, is employed for the preliminary concentration

of traces of gold diifused throughout slags or base ores. The reagent,

through the action of the heat, gives up one-half of its sulphur,

which reduces part of the metallic oxides present. The gold and
silver unite with what is left of protosulphide of iron (FeS) into a

mat, which is then worked up for the noble metals.

Fluxes.—Practically speaking, all ores are contaminated with

more or less of gangue, which in general consists of infusible

matter, and consequently, if left unheeded in the reduction of

the metallic part of the ore, would retain more or less of the metal

disseminated through it, or at best foul the furnace. To avoid this,

the ore as it goes into the furnace is mixed with "fluxes" so

selected as to convert the gangue into a fusible "slag," which
readily runs down through the fuel with the regulus and separates

from the latter. The quality and proportion of flux should, if pos-

sible, be so chosen that the formation of the slag sets in only after

the metal has been reduced and molten ; or else part of the basic

oxide of the metal to be extracted may be dissolved by the slag and
its reduction thus be prevented or retarded. Slags are not, as one
might be inclined to think, a necessary evil; if an ore were free from

gangue we should add gangue and flux from without to producea slag,

because one of its functions is to form a layer on the regxilus which
protects it against the further action of the blast or furnace gases.

Fluxes may be arranged under the three heads of (1) fluor-spar

(which is sui generis), (2) basic fluxes, and (3) acid fluxes.

Fluor-spar owes its name to the facility with which it fuses up at

a red heat with silica, sulphates of lime and barium, and a few
other infusible substances into homogeneous masses. It shows
little tendency to dissolve-basic oxides, such as lime, &c. One part

of fluor-spar liquefies about half a part of silica, four parts of sulphate

of lime, and one and a half parts of,sulphate of baryta. Upon these

facts its wide application in metallurgy is founded.

Carbonate of soda (or potash) may be said to be the most power-
^al of basic fluxes. It dissolves sUi'va and all silicates into fusible

(jfxasses. On the other hand, borax may be taken as a type for the

kcid fluxes. At a red heat, when it forms a viscid fluid, it readily

'i^solves up all basic oxides into fusible complex borates. Now
ti.' trangue of an ore in general consists eitner of some basic

matent' such as carbonate of lime (or magnesia), ferric oxide,

alumina, I'c, or of silica (quartz) or some more or less acidsihcate,

or elsi of a mixture of the two classes of bodies. So any kind of

gangue might be liquefied by means of borax or by means of alkaline

carbonate ; but neither of the two is used otherwise than for assay-

ing ; what the practical metal-smeHer does is to add to a ba.«ic

gangue the proportion of silica, and to an acid ore the proportion of

lime, or, indirectly, of ferrous or perhaps manganous oxide, which it

may need for the formation of a slag of the proper qualities. The
slag must possess the proper degree of saturation. In other words,
taking SiOo-niMeO (where SleO means an equivalent of base) as a
formula for the potential slag, n must have the proper value. If n
is too small, i.e., if the slag is too acid, it may dissolve up part of

the metal to be brought out as a silicate ; if n is too great, i.e., the
dag too basic, it may refuse to dissolve, for instance, thi ferrous oxide
which is meant to go into it, and this oxidj will then be reduced,
and its metal (iron in ojr example) contaminate the regulus. In
reference to the problem under discussion, it is worth notitg that

oxides of lead and coppc are more readily reduced to metals than
oxide of iron FcjOa is to FeO, the latter more readily to FeO than

FeO itself to metal, and FeO more readily to metal than manganous
oxide is. Oxide of calcium (lime) is not reducible at all. The
order of basicity in the oxides (their readiness to go into the slag) is

precisely the reverse^

Host slags being, as we have seen, compler silicates, it is a most
important problem of scientific metallurgy to determine the relations

in this class of bodies between chemical composition on the one

hand and fusibility and solvent power for certain oxides (CaO, FeO,
SiO, &c.) on the other. Now the composition of a silicate can be

stated in an infinite number of ways ; but there must be one mode
of formulation wnich reduces the law to its simplest terms. The
mode adapted by metallurgists is something like the following. If

we start with the quantity HjClj of muriatic acid or the quantity

HjSOj of sulphuric .acid, it is clear that to convert either into a

normal salt we require such a quantity of base as will convert the

Hj of the acid completely into water; but the quantity of base that

does so is that containing one atomic weight of oxygen. Hence it

13 reasonable to define the quantities KoO of potash,' NajO of soda,'

CaO of lime, MgO of magnesia, FeO of ferrous oxide, JAlj03( = alO)

of alumina, JFe203( = feO) of ferric oxide, as representing each " one

equivalent " of base also in reference to silica, although silica has a

characteristically indefinite basicity. Most slags are alloys or com-
pounds of silicates of AUOj or FcjOj, and of silicates of protoxides

(CaO, &c.), hence their general composition is

J!(R0 + iSiOj) -I- m[(fe or al)0 -KzSiOj]

.

This introduction will enable the reader to understand the

following mode of classifying and naming composition in silicates.

Name. Formola.
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guidance, to rely on the very numerous analyses which have been

made of slags actually produced (by the rule of thumb) in successful

metallurgical operations. For some of such slags also Plattner has

determined the fusing points. He found for (1) Freiberg lead slag,

9R0, 3alO, 8SiOj ; oxygen-ratio, 3:4; melting-point at 1317° C.

;

(2) Freiberg crude slag, 15R0, 3alO, ISSiO^ ; oxygen-ratio, 1:1;
melting-point at 1331° C.

; (3) Freiberg black-copper slag, 24FeO,

AljOj, ISSiOj; oxygeu-ratio, 9:10; melting-point at 1338° C.

;

(4) High-furnace slag, 6CaO, 3alO, SSiOjj oxygen-ratio, 1:1;
melting-point at 1431 C

ilelallurgic Assaying.—To assay an ore originally _ meant to

execute a set of tentative experiments on a small scale in order to

find out the proper mode of working it practically. 13ut nowadays

the term is always used in the sense of an analysis carried out to

determine the money-value of an ore. For this purpose, in many
cases it is sufficient to determine the percentages of the metals for

which the ore is meant to be worked. But sometimes nothing

short of a complete analysis will do. This holds more especially of

ores of iron. As this metal is cheap, the value of an ore containing

it depends as much on the nature and relative quantities of the im-

purities as on the percentage of metal. The proved absenceof sulphur

and phosphorus may be worth more than an additional 5 per cent.

of iron, whioh latter again would perhaps not compensate for the

proved presence of a large percentage of uncombined silica.

An assay to be of any value must start with a fair sample of the

object of sale. The fulfilment of this condition in all cases is

difficult. The general method is, from say a given ship load of ore,

to take out (say) half a ton of ore from a large number of different

places and to crush this large sample into small fragments of uniform

size, which are well shovelled up together. From different parts of

this ore-heap a sample of the second order—amounting to, say, 20

tb— is then drawn, and rendered more homogeneous by finer powder-

ing and mixing. From this sample of the second (or perhaps from
one of the third) order quantities of 1 or 2 lb are bottled up for

assaying. At the same time the moisture of the ore is determined,

on a large scale, by some conventional method, such as the drying of

1 or 2 tb in an open basin at 100° C, and weighing of the residue as

dry ore. This is done at the sampling place by the firms concerned.

The assayer further pounds up and mLtcs his sample, and then pro-

ceeds to determine tlie percentages of moisture and metal in his own
way. He has always the choice between two methods, the dry and
the wet. For the majority of gold or silver ores, and for cobalt and
nickel ores almost as a rule, certain dry-process tests are preferred

as the most exact analytically. In almost all other cases it may be

said that the wet method is susceptible of the higher degree of pre-

cision, yet even in some of these cases the old dry-process tests are

preferred to the present day. For instance, all copper ores in the

British Isles arc sold by the result of the Swansea ass,iy, a kind
of imitation of the process of sulphureous copper-ore smelting; and
this, singularly, is adhered to even in the case of such cupriferous

materials as are worked by the wet way, although the Swansea
assay is well known to lose about 1 per cent, of the copper present.

A copper-smelter therefore had tetter buy 5 per cent, than 10 per

cent, copper-pyrites cinders, because in the first case he pays only

for four- fifths, while in the latter he must pay for nine-tenths of

the copper present To compensate for this anomaly, empirical

methods have been contrived for calculating prices. (W. D.)

METALS. The earliest evidence of a knowledge and
use of metals is found in tbe prehistoric implements of

the so-called Bronze and Iron ages. In the earliest periods

of written history, however, we meet with a number of

metals in addition to these two. The Old Testament
mentions six metals—gold, silver, copper, iron, tin, and
lead. The Greeks, in addition to these and to bronze,

came also to know mercury ; and the same set of metals,

without additions, forms the list of the Arabian chemists

of the 8th and of the Western chemists of the 13th cen-

tury. During the 15th century Basilius Valentinus dis-

covered antimony ; he also speaks of zinc and bismuth,

but their individuality was established only at a later period.

About 1730-40 the Swede Brand discovered arsenic and
cobalt (the former is not reckoned a metal by modern
chemists), while the Englishman Ward recognized the

individuality of platinum. Nickel was discovered in 1774
by Cronstedt, manganese in 1774 by Scheele. The
brothers D'Elhujart, in 1783, prepared tungsten ; Hjelni,

in 1782, isolated molybdenum from molybdic oxide, where

' For further information on slags, see Bcrthier, Traite dcs cssais par
la voie siche ; Winkler, Erfahrunyssitze iibcr die Bildung der
Schlacken, Freiberg, 1827 ; Plattner, VorUsungcn iibcr uilgcmcine

UiiUenkunde, i. 28 sq.; Percy, MeldUurgy.

its existence had been conjecturally asserted by Bergmann

in 1781. Uranium, as a new element, was discovered by

Klaproth in 1789 ; but his metallic " uranium," after ha\-ing

been accepted as a metal by all chemists until 1841, was

then recognized as an oxide by Piiligot, who subsequently

isolated the true metal. Tellurium was discovered by Miillei'

von Reichenbach in 1782 (again by Klaproth in 1798):

titanium, by Klaproth in 1795; chromium, by VauqueUn

in 1797 ; tantalum, by Hatchett in 1801, and by Ekebcrg

in 1802. Palladium, rhodium, iridium, ancl osmium
(which four metals always accompany platinum in its ores)

were discovered, the first two by WoUaston in 1803, the

other two by a number of chemists ; but their peculiarity

was established chiefly by Smithson Tennant.

After Davy, in 1807 and 1808, had recognized the

alkalies and alkaline earths as metallic oxides, the existence

of metals in all basic earths became a foregone conclusion,

which was verified sooner or later in all cases. But the

discovery of aluminium by Wohler in 1828, and that of

magnesium by Bussy in 1829, claim special mention.

Cadmium, a by no means rare heavy metal, was discovered

only in 1818, by Stromeyer.

Of the large number of discoveries of rare metals whic!i

have been made in more recent times only a few can be

mentioned, as marking new departures in research or offer-

ing other special points of interest. In 1861 Bunsen and

KirchhoS, by means of the method of spectrum analysis,

which they had worked out shortly before, discovered two

new alkali-metals which they called caesium and rubidium.

By means of the same method Crookes, in 1861, discovered

thallium; Reich and Richter, in 1863, indium; and Lecoq

de Boisbaudran, in 1875, gallium. The existence of the

last-named metal had been maintained, theoretically, by

Mendelejeff, as early as 1871. The existence of vanadium

was proved in 1 830 by Sefstrbm ; but what he, and sub-

sequently Berzelius, looked upon as the element was, in

1867, proved to be really an oxide by Roscoe, who also

succeeded in isolating the true metal.

The development of earlier notions on the constitution

of metals and their genetic relation to one another forms*

the most interesting chapter in the history of chemistry

(see Alchemy). What modern science has to say on the

matter is easily stated : all metals- properly so called {i.e.,

all metals not alloys) are elementary substances ; hence,

chemically speaking, they are not " constituted '' at all, and

no two can be related to each other genetically in any way

whatever. Our scientific instinct shrinks from embracing

this proposition as final ; but in the meantime it must be

accepted as correctly formulating our ignorance on the

subject. All metallic elements agree in this that they form

each at least one basic oxide, or, what comes to the same

thing, one chloride, stable in opposition to liquid water

This at once suggests an obvious definition of metals as a

class of substances, but the definition would be highly

artificial and objectionable on principle, because when wc

speak of metals we think, not of their accidental chemical,

relations, but of a certain sum of mechanical and physical

properties which unites them all into one natural family.

What these properties are we shall now endeavour to

explain.

All metals, when exposed in an inert attnosphero to a

sufficient temperature, assume the form of liquids, which

all present the following characteristic properties. They

are (at least practically) non-transparent ; they reflect light

in a peculiar manner, producing what is called " metallic

lustre." When kept in non-metallic vessels they take the

shape of a convex meniscus. These liquids, when exposed

to higher temperatures, some sooner others later, pass into

vapours. What these vapours are like is not known in

many cases, since, as a rule, they can bo produced only at
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very high temperatures, precluding the use of transparent

vessels. Silver vapour is blue, potassium vapour is green,

many others (mercury vapour, for instance) are colourless.

The liquid metals, when cooled down sufficiently, some at

lower others at higher temperatures, freeze into compact

solids, endowed with the (relative) nou-transparency and
the lustre of their liquids. These frozen metals in general

form compact masses consisting of aggregates of crystals

belonging to the regular or rhombic or (more rarely) the

quadratic system. But in many cases the crystals are so

closely packed as to produce an apparent absence of all

«tructure. Compared with non-metallic solids, they in

general are good conductors of heat and of electricity.

But their most characteristic, though not perhaps their

most general, property is that they combine in themselves

the apparently incompatible properties of elasticity and
rigidity on the one hand and plasticity on the other. To
this remarkable combination of properties more than to

anything else the ordinary metals owe their wide applica-

tion in the mechanical arts. In former times a high

Jspeoific gravity used to be quoted as one of the characters

jf the genus ; but this no longer holds, since we have come
to know of a whole series of metals which float on water.

Let us now proceed to see to what degree the mechanical

and physical properties of the genus are developed in the,

several individual metals.

Non-Traiisparency.—This, in the csise of even the solid

metals, is perhaps only a very low degree of transparency.

In regard to gold this has been proved to be so
;
gold leaf,

or thin films of gold produced chemically on glass plates,

transmit light with a green colour. On the other hand,

those infinitely thin films of silver which can be produced

chemically on glass surfaces are absolutely opaque. Very
thin films of liquid mercury, according to Melsens, transmit

Ught with a violet-blue colour ; also thin films of copper

are said to be translucent. Other metals, so far as we
know, have not been more exactly investigated in this

direction.

Colour.—Gold is yellow ; copper is red ; silver, tin, and
some others are pure white; the majority exhibit some
modification or other of grey.

Reflexion of Light.—Polished metallic surfaces, like

those of other solids, divide any incident ray into two
parts, of which one is refracted while the other is reflected,

—

with this difference, however, that the former is completely

absorbed, and that the latter, in regard to polarization, is

quite differently affected.' The degree of absorption is

different for different metals. According to Jamin, the

remaining intensity, after ono and ten successive perpen-

dicular reflexions respectively from the metal-mirrors

named, is as follows (original intensity = 1) :

—
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with the notion of softness, whkh means the degree of

facility with which the plasticity of a metal can be dis-

counted. Thus lead is far softer than silver, and yet the
latter is by far the more plastic of the two. The now
famous experimentc of Tre.^ca (Compics Rendus, lis. 754)
show that the plasticity of certain metals at least goes
considerably farther than had before been supposed. He
operated with lead, copper, silver, iron, and some other
metals. Round disks made of these substances were
jilaced in a closely fitting cylindrical cavity drilled in

a block of steel, the cavity having a circular aperture

of two or four centimetres below. By means of an
hydraulic press, applied to a superimposed piston, a
pressure of 100,000 kilos was made to act upon the disk.s,

when the metal .was seen to " flow " out of the hole like a
\'iscid liquid. la spite of the immense rearrangement of

parts there was no breach of continuity. What came out
below was a compact cylinder with a rounded bottom,
consisting of so many layers superimposed upon one
another. Parallel experiments with layers of dough or

sand plus some connecting material proved that the

particles in all cases moved along the same tracks as

would be followed by a floT^ing cylinder of liquid. Of the

better known metals potassium and sodium are the softest;

they can be kneaded between the fingers like wax. After
these follow first thallium and then lead, the latter being

the softest of the metals used in the arts. Among these

the softness decreases in about the following order :—lead,

pure silver, pure gold, tin, copper, aluminium, platinum,

pure iron. As liquidity might be looked upon as the ne

plus ultra of softness, this is the right place for stating

that, while most metals, when heated up to their melting

points, pass pretty abruptly from the solid to the liquid

state, platinum and iron first assume, and throughout a

long range of temperatures retain, a condition of viscous

semi-solidity which enables two pieces of them to be
" welded " together by pressure into one continuous mass.

Potassium and sodium might probably be welded if their

surfaces could be kept clear of oxide.

According to Prechtl, the ordinary metals, in regard to

the degree of facility or perfection with which they can be

hammered flat on the anvil, roUed out into sheet, or

drawn into wire, form the following descending series :

—

Hammering. Rolling into Sheet. I>rawing into JVire.

Lead. Gold. Platinum.

Tia. SUver. Silver.

Gold. Copper Iron.

Zinc. Tin. Copper.

Silver. Lead Gold.

Copper. Zinc. Zino.

Platinum. Platinum. Tin.

Iron. Iron. Lead.

To give an idea of what can be done in this way, it may
be stated that gold can be beaten out to leaf of the thick-

ness of j-fVrj Dina-; and tl^at platinum, by judicious work,

can be draivn into wire
«(,],^,a

^'^- t^iick.

By the hardness of a metal we mean the resistance

which it offers to the file or to the engraver's tool. Taking

it in thi^ sense, it does not necessarily measure, e.g., the

resistance of a metal to abrasion by friction. Thus, for

instance, 10 per cent, aluminium bronze is scratched by an

edge-tool made of ordinary steel as used for knife-blades.

And yet it has been found that the sets of needles used

for perforating postage stamps last longer if made of

aluminium bronze than they do if made of steel

Elaslicil!/. —All raetals arc elastic to this extent tliat a change of

form, brought about by stresses not exceediDg certain limit values,

will disap; ear on the stress being removed. Strains exceeding the

"limit of elasticity" result in permanent deformation or (if suffi-

ciently great) in rupture. Where this limit lies is in no case pre-

cisely known. According to \Vertheim' (who has done more for

our k-^owledge of the subject than any one elsel and Hodgkinson,

i jinnjiles de CUtmie it de Ph^iique tiil.J. vol. lii.

B

the real law seems to be pretty much as indicated by the two curves

on the accompanying aiagram, where, in reference to a metallic

wire, stretched by an appended weight, the abscissa always means
the numerical value P of the weight, the ordinate of the upper curve
the total elonga
tion caused by P,

"^

theordinateofthc
lower curve that

part of the elong-
ation which re-

mains when P is

removed, so that
the piece of the
ordinate between
the two curves
gives the tempor-
ary ("elastic") ex-

pansion. From
P = up to a
somewhat indeB-
nite point(a or A)
both curves are nearly straight lines, the lower almost coinciding in

its beginning with the axis of abscissa ; from that point onwards

these two curves approach each other, and at a short distance from

the point of rupture tney rapidly converge towards intersection. For

any value of P which Uea fairly on the safe side of A, we have ap-

proximately
I?

q
where \ means the elastic (or substantially the total) expansion, .'

the length, and q the square section of the wire or cylinorical bar

operated upon. The reciprocal of e(viz. E— 1/«) is called the

" modulus of elasticity."

Wertheim has determined this constant for a large number of

metals and alloys. He used three methods : one was to measure the

elongations produced, in a wire of given dimensions, by a succession

of charges ; the other two consisted in causing a measured bar to

give off a musical note by (a) longitudinal and (6) transversal vibra-

tion, and counting the vibrations per second. The following table

gives some of his results. Column 2 gives the constant E for

millimetre and kilograrfinie. Hence 1000/E is the elongation in

millimetres per metre length per kUo. Column 3 shows the charge

causing a permanent elongation of 0-05 mm. per metre,—which,

for practical purposes, he takes as giving the limit of elasticity

;

column 4 gives the breaking strain. Values of E in square

brackets [ ] are derived from vibration experiments ; the rest

from direct measurements of elongations. Numbers in round

brackets ( ) do not necessarily refer to the same specimen as the

other data.

Name

Lead, dj'anii »....-

„ annealed
TlD, dra^n

,, annealed
Cadmium, drawn

,, annealed
Gold, d.-:ivn „ _

,, annealed
Silver, drawn., . —

•

„ annealed -

Zinc, pnre, cast In mould
Zinc, ordinary, drawn

„ ,, annealed

Palladium, drawn
„ annealed

Copper, drawn
,, annnaled

Platinum wire, medium thicknCBS, ]

drawn 1

„ ,, annealed

Plaunum wire, thick, drawn

„ „ annealed
Iron,* drawn «.«

,, 2 annealed
Nickcl.3 drawn
Cobalt,8 „ _

Aluminium* . '

Aluminium bronze*
Bias3&
German eilverC

1,803
1,727

[3,023]

[4,060]

[6,757]

[4,777]

8,132
e.58S

7,358
7,141
9,021
8,735
19,467]

11,769
9,789
12,449
10,519

17,004

15,518
16,987
15,622
20.869

50,794

7,040
10,700
8,543
10,788

For Wire of 1 Square mm.
Section. Weight (Li

Kilos) causing

Permanent
Elongation
of izim-

0-25
0-20
0-46
0-20

18-5
8-0

113
2-6

075
1-00

18
under 5
12

under 3

(26)

at)

33
under 6

Breakage.

21
1-8

(2 45)

27
10
29
16

27
40
30

34
23
61
47

;> 61
2xGl

The aliove numbers may be assumed to hold for temperatures from

15° to 20° C Wertheim executed determinations also at other tem

pei-atures; but, as his numbers do not appear to reveal the true

J From Do Brerr
~

» Approximnte, by H. St Clair Devllle.

4 From deflexion of hammered bar of 6 mm. ihlcknese. chu-ged In the middle

;

'"'Smp'osl'CzncTcWerthelm). - ComfClUbn. Zn.C»„Vl. (Wertbelm,.
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relations between E and temperature, we quote tlie results of
Kohlrauscli and Loomis, who found the following relations between
'the modulus E^ for 0* C. and the value E* for +^ C. :

—

I-on : El =Eo(l--000483r--00000012<»).
Copper : E4 =K(,{1 - 0O0.-.72 /-•000000'.'8f2).

Brass • E( = Eo(l - 000485 r --OOOOOnGr*).

Thu3, for these three metals at least, the value of E diminishes,
when temperature increases, at pretty much the same rate per
degree of temperature.

Specific Gravity.—This varies iu metals from '594 (lithium) to
22'48 (osmiuiii), and in one and the same species is a function

of temperature and of previous physical and mechanical treat-

ment. It has in general one value for tlie powJery metal as

obtained by reduction of the oxide iu hydrogen Delow the melting
point of the metal, another for the metal in tlie state which
it assumes spontaneously on ft-eezing, and this latter value again,

in general, is modified by hammering, rolling, or wire-drawing, &c.
These mechanical operations do uot necessarily add to the density

;

stamping, it is true, docs so necessarily, but rolling or drawing
occasionally causes a diminution of the density. Thus, for

instance, chemically pure iron in the ingot has the specific gravity

7'844; when it is rolled out into thin sheet, the value falls to
7*6

; when drawn into thin wire, to 775 (Berzelins). The follow-

ing table gives the specific gravities of all metals (except a few
very rare ones) according to the most trustworthy modern de-

terminations. Where special statements are not made, the numbers
may bo assumed to hold for the ordinary temperature (IS'* to 17" or
20" C), referred to water of tho same temperature (specific gravity
= 1) as a standard, and to hold for the natural frozen metal.

Name of Metal.

Dtliium
Potassium

,

Sodiam
,

Rubidium
,

Calcium
,

Mjgnesium
Caesium
Beiylllum
Strontium
Aluminium, puie, Ingot
Aluminium, ordinary, hammered
Bailum
Ziiconlum
Vanadium, powdL-r
Gallium
Lanthanum
Didymium
Cerium
Antimony
Chromium
Zinc, Ingot „
„ rolled out

Manganese A
Tin, cast

„ crystallized by galvanic cur- \

rent from solutions ]
Indium
Iron, chemically pure, ingot

. „ thin sheet

„ wrought, high quality
Nickel, ingot

„ forged
Cadmium, ingot

„ liammered
Cobalt
Molybdenum, containing 4 to 5 1

per cent, of carbon ]
Copper, native

„ cast

„ wire or thin sheet

„ electrotype, pure
.IJismuth
Silver, cast

,, stamped
LeaJ, Tcry slowly frozen

, .
qulcltly frozen In cold water

Piillndinm

rhallium.....

Khodium
lluthenium
Mercury, liquid

r, solid

Tungsten, compact, by Hj from \

chlonde vjpour ]

,, as reduc\;d by hydro- |

gen, powder f
Uranium
Gold, ingot

,, stamped

„ powder, precipitated by

)

ferrous sulphate {"

Platinum, pure
Iridium
Osmium

Specific Gravity

•594

•873

•9735
1-52

1-578
1-743

188
21
2-5

2-583 at 4'

2-67

over 4'

415
6-6
5-9

G'163
G-544
t*72S

G-715 at 16'

6-81

C915
7-2

7 14 to 7-2

7-2!) to 7-299

7-178

7-42
7-844
7-6
7-8 to 7-9

8-279

8-C6G
8-5J6
8fi67
8-5 to 8-7

8-94

8-94 to 8-95

8-945

9-823 ft 12'

10 4 to 10-5

10-57

11-254
11 -MS
11-4 at22'-&
11-86
12-1

12-21 at 0'

13-595 at 0':

14-39 below-40'

16-54

18 -.^3

19-265 at 13'

19-31 to 19-34

21-46
22-40
22-477

Authority.

Bunsen.
liaumhauer.

Bunsen.
Bunsen and Matthieaen.
Bunsen.
Setttrbei-g.

Debray.

Mallet, 1880.

Clarke.
Troost.

Roecoe.
Lecoq de Bolsbaudran.

nillebrandt and Norton.

.MnrchanJ and Scheerer.
Wohler.
Kar&tea,

Brunner.
Various authorities.

Ttlchter.

Beizelias.

Richter.

Schi'oder.

Debraj.

Mdrcbar.1 and Scheerer.

Hampe.
Holzmann.

G. Rose.
Deville.

Deville and Debray,
Crooltes.

Bunsen.
Deville and Debraj.
H. Kopp.

Wohler, 1855.

noscoc.

P^lgot, 1868.

Matthieseo.
G. Rose.

Deville ond Debray ,1876.

Thermic Properties.—The specific heats of most naetals have been
determined very carefully by Kegnault. The general result is that,

conformably with Dulougand Tetit's law, the "atomic heats" all

come to very nearly the same value {of about 6"4); i.e., atomic
weight by sjiocific heat = 6 "4. Thus we have for silver by tliecr"
6-4 108 «- -0593, and by exDerimerit '0570 forW tz :0D° n

Tho expansion by heat varies greatly. The following table gives

the linear expansions from 0" to 100" C, according to Fizeau {Comvics
Kcndtcs, Ixviii. 1125), th« length at 0" being taken as unity.

Name of Metal.

Platinum, cast
Gold, cast

Silver, cast
Copper, native, fiom Lake Superior
Copper, artificial »
Iron, soft, as uied for electromagnets «

„ reduced by hydrogen and comj-resscd
Ctist steel, English annealed
Bismuth, in ttie dirrctinn of the axis

„ at right angles to axis

„ mean expansion, calculated ,

Tin, of MalQCM, comp.-cssed powder ,

Lead, fla»t , ,

Zinc, distilled, compressed powder
,

Cadmium, distilled, compressed pov\der
Aluminium, cast

Brass ^1'5 per cenk copper, 28-5 per cent, zinc)

BronEC f8G-3 per cent copper, 9-7 per cent, tin, 4-0 per cent. zinc).

Expaniion
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4. Barely so : gold, (copper).

5. Practically non-volatile : (copper), iron, nickel, cobalt, alu-

minium; also lithium, barium, strontium, and calcium.

In the oxyhydrogen flame silver boils, forming a blue vapour,

while platinum volatUizes slonly, and osmium, though infusible,

very readily.

Latent Beats of Liquefaction—Of these we know little. The fol-

lowing numbers are due to Person—ioe, it may be stated, being 80.

Mercary .,

Lead
BlamQth..

Latent
Heat.

2 82
S-37

12-4

Latent
Heat.

Cadrolum

.

surer
Zinc

13-6

211
28-1

Of the latent heats of vaporization only that of mercury has been

determined,—by Mari^nac, who found it to be 103 to 106 units.

Conductivity

.

—Conductivity, whether thermic or electric, Is very

differently developed in different metals ; and, as an exact know-
ledge of these conductivities is of great scientific and practical

importance, much attention has been given to their numerical

determination. The following are the modes in which the two
conductivities have been defined as quantities.

1. Thermic.—Imagine one side (1) of a metallic plate, D units

thick, to be kept at the constant temperature <„ the other (II) at

t^. After a sufficient time each point between I and 11 mil be at

a constant intermediate temperature, and in every unit of time a

constant quantity Q of heat will pass from any circumscribed area

S on I to the opposite area S on 11, according to the equation

2 is called the (internal) conductivity of the metal. the plate is

made ot It is, strictly speaking, a function of i, and t^\ but
within a given small interval of temperatures it may be taken as a

constant.

2. Electric.—When a given constant battery is closed successively

by different wires of the same sort, then, according to experience,

the strength I of the current (as measured for instance by the heat-

equivaleut of the electricity flowing through the circuit in unit of

time) is in accordance with the equation

A/l=l-t-r;/j

,

where I is the length and s the square section of the wire, while A
is a constant which, for our purpose, need not be defined in regard

to its physical meaning; r measures the specific resistance of the

particular metal. Supposing a certain silver wire on the one hand
and a certain copper wire on the other, when substituted for each

other, to produce currents of the same strength, we have

'i'l/«i=r2'2/<2,

whence
rilr2=ti'2/(.s j',)=i

where k is the computed value of the ratio on the right-hand side.

Hence, taking r^ the resistance of copper, as unity, we have
r^ = k, i.e., k gives us the specific resistance of silver, that of copper

being taken = 1. In this relative manner resistances are usually

measured, silver generally being taken as the standard of compari-

son. Supposing the relative resistance of a metal to be R, the re-

ciprocal 1/R is called its "electric conductivity." For the same

metal R varies with the temperature, the higher temperature cor-

responding to the higher resistance. The following table gives the

electric conductivities of a number of metals as detennined by
Matthiesen, and the relative internal thermic conductivities of

(nominally) the 6am« metals as determined by Wiedemann and
Franz, with rods about 5 mm. thick, of which one end was kept

at 100° C., the rest of the rod in a " vacuum" (of 5 mm. tension)

at 12° C. Matthiesen's results, except in the two cases noted,- are

froK his memoir ia Fogg. Ann., 1858, ciii. 428.

Metals.

Copper, commerda], No. 3....

,, ,. No. 2

„ cbsmlcally pare, hard drawD..
Copper
Gold, pore

„ absolutely pure
^raas
Tin, pui-e «...

Pianoforte wire
Iron rod.M

SUel
Lead, pure. .'.

Platinum
German silver

Bismutli.

Alutninium
Mercurj' -.,..«

SUyer, pure .

Relative Conductivities.

Electric.
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mixture. The case of sodium amalgam may be quoted
as a forcible illustration. Wliat goes by this name in

laboratories is an alloy of two to three parts of sodium with
one hundred parts of mercury, which is easily produced by
forcing the two components into contact with each other

by means of a mortar and pestle, when they unite, with
deflagration, into an alloy which after cooling assumes the

form of a grey, hard, brittle solid, although mercury is a
liquid, and sodium, though a solid, is softer than wax.
Similar evidence of chemical action we have in the cases of

brass (copper and zinc), bronze (copper and tin), aluminium
bronze (copper and aluminium), and in many others that

might be quoted. There are indeed a good many alloys

the formation of which is not accompanied by any obvious

evolution of heat or any very marked change in the mean
properties of the components. But in the absence of all

precise thermic researches on the subject we are not in a

position to assert the absence of chemical action in any
case. Indeed our knowledge of the proximate composition

of alloys is in the highest degree indefinite—we do not

even know of a single composite metal which has been
really proved to be an unitary compound, and hence the

important problem of the relation in alloys between pro-

perties and composition must be attacked on a purely

empirical basis. What has been done in this direction

is shortly summarized in the following paragraphs.

Colour.—Most metals are white or grey ; so are the alloys of

these metals with one another. Gold alloys generally exhibit some-
thing like the shade of yellow which one would expect from their

composition ; its amalgams, however, are all white, not yellow.

Copper shows little tendency to impart its characteristic red colour

to its alloys with white or grey metals. Thus, for instance, the silver

alloy up to about 30 per cent, of copper exhibits an almost pure
white colour. The alloys of copper with zinc (brass) or tin (bronze)

are reddish-yellow when the copper predominates largely. As
the proportion of white metal increases, the colour passes succes-

sively" into dark yellow, pale yellow, and ultimately into white.
Aluminium bronze, containing from 5 to 10 ner cent, of aluminium,
is golden-yellow.

Plasticity.—This quality is most highly developed in certain pure
metals, notably in gold, platinum, silver, and copper. Of platinum
alloys little is known. The other three, on uniting with one
another, substantially retain their plasticities, but the addition of

any metal outside the group leads to deterioration. Thus, for

instance, according to Karsten, copper, by being alloyed with as little

as 6 percent, of zinc, loses its capability of being forged at a
red heat ; it cracks under the hammer. Antimony or arsenic to

the extent of 0'15 per cent, renders it unfit for being rolled into thin
sheet or drawn out into fine wire, and makes it brittle in the heat

;

Q-l per cent, of lead prohibits its conversion into leaf.

Hardness, Elasticity, Tensile Strength.— In reference to these
qualities, we shall confine ourselves to some very striking changes for

the better which the metals (1) gold, (2) silver, (3) copper suffer when
alloyed with moderate proportions (10 per cent, or so) of (1) cop-
per, (2) copper, (3) tin, zinc, or aluminium respectively. Any of

these five combinations leads to a considerable increase in the three

qualities named, although these are by no means highly developed
in the added metals ; most strikingly it does so in the case of alumi-
nium bronze (copper and aluminium), which is so hard as to be

very difficult to tile, and is said to be equal in tensUe strength
to wrought iron. To illustrate this we give in the following table,

after llatthiesen, the breaking strains of double wires, No. 23
gauge, in lb avoirdupois, for certain alloys on the one hand and their

components on the other.

Separate ifetats. Alloys.

T?^^!::::::::::::::::::::::::::::^^^'^^
"'^•^' " per cent, of tm so-so

GoM!!y."'.'.!;!!!!;!!"!'.".".'.'.!!!!!!!'.;i!!!!20l25 \
S'anaard (22 caraj) gold .70-75

^^....".^.."...."^^^^""Jwo i^'-'y- i "' '"«^ i 0' P'»«"™ ••••l'5-80

Specific Graneily.—This subject has been extensively investigated
by Matthiesen, Calvert and Johnson, Kuppfer, and others. In
discussing the results it is convenient to compare the values (S)

found with the vahies (Sj) calculated on the assumption that the
volume of the alloy is equal to the sum of the volumes of the com-
ponents. Let /I], p„, P3... stand for the relative weights of the com-
ponents, P for their joint weight, S,",Sj,S,...for their specific

gravities, and we have

where the expression en the Iiglil liand obviously means the con-'
joint volume Vj of the components ; byt the actual volume of the
alloy formed by their union is, in general, yj-VjCl-fs), where <
means the expansion (or, when negative, the contraction) of unit-
volume of mixture. Hence the real value

S=So/(l-f«)

,

whence
«=(S,-S)/S.

Matthiesen's investigation (Pogg.AnnaUnl<n\a^, vol. ex. p". 21)
extends over a large number of binary alloys derived from the metals
named in the following table. He naturally began by procuring
pure specimens of these metals and determining their specific
gravities. The results (each the mean of a number of determina-
tions) were aa follows :

—

Kama.
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Bismuth, Lead.
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slroiigly basylous ; metals of group 2 are only slowly

attacked, with formation of relatively feebly basylous

and practically insoluble hydrates. Disregarding the rarer

elements (as we propose to do in this section), the metals

not named so far may be said to be proof against the

action of pure water in the absence of free oxygen (air).

By the conjoint action of water and air, thallium, lead,

bismuth are oxidized, with formation of more or less

sparingly soluble hydrates (ThHO, PbOjH,, BiOjHj),

which, in the presence of carbonic acid, pass into still less

soluble basic carbonates.

Iron, as everybody knows, when exposed to moisture and

air, " rusts," that is, undergoes gradual conversion into a

brown ferric hydrate, Fe203j:H20 ; but this process never

takes place in the absence of air, and it is questionable

whether it ever sets in in the absence of carbonic acid.

What is known is that iron never rusts in solutions of

caustic alkalies or lime (which reagents preclude the pre-

sence of free carbonic acid), while it does so readily in

ordinary moist air containing CO^. When once started

the process proceeds with increasing rapidity, the ferric

hydrate produced acting as a carrier of oxygen; it gives

up part of its oxygen to the adjoining metal, being itself

reduced to (perhaps) FcjO^, which latter again absorbs

oxygen from the air to become ferric hydrate and so on

(Kuhlmann).

Copper, in the present connexion, is intermediate between

iron and the following group of metals.

Mercury, if pure, and all the " noble" metals (silver, gold,

platinum, and platinum-metals), are absolutely proof against

water even in the presence of oxygen and carbonic acid.

The metals grouped together above under 1 and 2 act

on steam pretty much as they do on liquid water. Of
the rest, the following are readily otidized by steam at a
red heat, with formation of hydrogen gas,—zinc, iron,

cadmium, cobalt, nickel, tin. Bismuth is similarly attacked,

but slowly, at a white heat. Aluminium is barely affected

even at a white heat, if it is pure; the ordinary impure
metal is liable to be very readily oxidized.

Aqueous Sulphuric or Hydrochloric Acid, of course,

readily dissolves groups 1 and 2, with evolution of hydro-
gen and formation of chlorides or sulphates. The same
holds for the following group (A) :—[manganese, zinc,

magnesium] iron, aluminium, cobalt, nickel, cadmium.
Tin dissolves readily in strong hot hydrochloric acid as
SuCIq ; aqueous vitriol does not acton it appreciably in

the cold ; at 1 50° it attacks it more or less quickly, accord-
ing to the strength of the acid, with evolution of sul-

phuretted hydrogen or, when the acid is stronger, of

sulphurous acid gas and deposition of sulphur (Calvert
and Johnson). A group (B), comprising copper, are,

substantially, attacked only in the presence of oxygen or

air. Lead, in sufficiently dilute acid, or in stronger acid if

not too hot, remains unchanged. A group (C) may be
formed of mercury, silver, gold, and platinum, which are
not touched by either aqUeous acid in any circumstances.

Hot (concentrated) oil of vitriol does not attack gold,

platinum, and platinum-metals generally ; all other metals
(including even silver) are converted into sulphates, with
evolution of sulphurous acid. In the case of iron, ferric

sulphate, Fe2(S04)3, is produced ; tin yields a somewhat
indefinite sulphate of its binoxide SnOj.

Nitric Acid {Aqueous).—Gold, platinum, iridium, and
rhodium only are proof against the action of this powerful
oxidizer. Tin and antimony (also arsenic) are converted by
it (ultimately) into hydrates of their highest oxides SnOo,
Sb^Oj (AS2O5),—the oxides of tin and antimony being
insoluble in water and in the acid itself. All other metals,

including palladium, are dissolved as nitrates, *he oxidiz-

ing part of the reagent being generally reduced to nitric

oxide, NO, or sometimes to N^Oj or N„Oj. Iron, zinc,

cadmium, also tin under certain conditions, reduce th6

dilute acid, partially at least, to nitrous oxide, N2O, or

nitrate of ammtonia, NH^.NOj = NjO -t- 2H2O.
Aqua Rtgia, a mixture of nitiHC and hydrochloric acids,

converts all metals (even gold, the " king of metals," when««

the name) into chlorides, except only rhodium, iridium,

and ruthenium, which, when pure, are not attacked.

Caustic Alkalies.—Of metals not decomposing liquid

pt}re water, only a few dissolve in aqueous caustic

potash or soda, with evolution of hydrogen. The most
important of these are aluminium and zinc, which are

converted into alumiuate, Al2033(K2 or Naj)0, and
zincate, ZnO.RHO, where R = K or Na respectively.

But of the rest the majority, when treated with boiling

sufficiently strong alkali, are attacked at least superficially;

of ordinary metals only gold, platinum, and silver are

perfectly proof against the reagents under consideration,

and these accordingly are used preferably for the construc-

tion of vessels intended for analytical operations involving

the use of aqueous caustic alkalies. For preparative

purposes iron is universally employed and works well ; but

it is not available analytically, becaust a superficial oxida-

tion of the empty part of the vessel (by the water and air)

cannot be prevented. According to the writer's experience

basins made of pure malleable nickel are free from this

drawback ; they work as well as platinum, and rather better

than silver ones do. There is hardly a single metal which
holds out against the alkalies themselves when in the state

of, fiery fusion ; even platinum is most violently attacked.

In chemical laboratories fusions with caustic alkalies are

always effected in vessels made of gold or silver, these

metals holding out fairly well even in the presence of air.

Gold is the better of the two. Iron, which stands so well

against aqueous alkalies, is most violently attacked by the

fused reagents. Yet tons of caustic soda are fused daily

in chemical works in iron pots without thereby suffering

contamination, which seems to show that (clean) iron,

like gold and silver, is attacked only by the conjoint

action of fused alkali and air, the influence of the latter

being of course minimized in large-scale operations.

Oxygen or Air.—The noble metals (from silver upwards)
do not combine directly with oxygen given as oxygen gas

(O,), although, like silver, they may absorb this gas largely

when in the fused condition, and may not be proof against

ozone, O,. Mercury, within a certain range of tempera-

tures situated close to its boiling point, combines slowly

with oxygen into the red oxide, which, however, breaks up
again at higher temperatures. All other metals, when
heated in oxygen or air, are converted, more or less readily,

into stable oxides. Potassium, for example, yields peroxide,

KjOj or K2O4 ; sodium gives Na,©, ; the barium-group
metals, as well as magnesium, cadmium, zinc, lead, copper,

are converted into their monoxides MeO. Bismuth and
antimony give (the latter very readily) sesquioxide (BijOj

and SbjOj, the latier being capable of passing into

SbjOj). Aluminium, when pure and kept out of contact

with siliceous matter, is only oxidized at a white heat,

and then very slowly, into alumina, Al.Oj. Tin, at high

temperatures, passes slowly into binoxide, SnOj.
Sulphur.—Amongst the better known metals, gold and

aluminium are the only ones which, when heated with

sulphur or in sulphur vapour, remain unchanged. All the

rest, under these circumstances, are converted into sulphides.

The metals of the alkalies and alkaline earths, also

magnesium, burn in sulphur-vapour as they do in oxygen.

Of the heavy meals, copper is the one which exhibits by
far the greatest avidity for sulphur, its subsulphide Cn.Ji
being the stablest of all heavy metallic suljihides in

opposition to dry reactions. See METm.r'prr.
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Chlorine.—All metals, when treated with chlorine gas at

the proper temperatures, pass into chlorides. In some
cases the chlorine is taken up in two instalments, a lower
chloride being produced first, to pass ultimately into a
higher chloride. Iron, for instance, is converted first

into FeClj, ultimately into Yt^(\, which practically means
a mixture of the two chlorides, or pure FejCl^ as a final

product. Of the several products, the chlorides of gold

and platinum (AuClj and PtCl^) are the only ones which
when heated beyond their temperature of formation

dissociate into metal and chlorine. The ultimate chlorina-

ition product of copper, CuCIj, when heated to redness,

decomposes into the lower chloride, CU2CI2, and chlorine.

All the rest, when heated by themselves, volatilize, some
at lower, others at higher temperatures.

Of the several individual chlorides, the following are

liquids or solids, volatile enough to be distilled from out

of glass vessels :—AsClj, SbClj, SnCl^, BiClj, HgCl^ the

chlorides of arsenic, antimony, tin, bismuth, mercury re-

spectively. The following are readily volatilized in a
current of chlorine, at a red heat :—Al^Clj, .CrjClg, FcjCl^,

the chlorides of aluminium, chromium, iron. The follow-

ing, though volatile at higher temperatures, are not vola-

tilized at dull redness :—KCl, NaCl, LiCl, NiQa, CoCU,
MnCLj, ZnClj, MgClj, PbCl^, AgCl, the chlorides o'f

potassium, sodium, lithium, nickel, cobalt, manganese,

zinc, magnesium, lead, silver. Somewhat less volatile

than the last-named group are the chlorides (^MCU) of

barium, strontium, and calcium.

Metallic chlorides, as a class, are readily soluble in

water. The foDowing are the most important exceptions:

—chloride of silver, AgCl, and subchloride of mercury,

HgoCli. are absolutely insoluble ; chloride of lead, PbClj,

and subchloride of copper, Cu,,Cl2, are very sparingly

soluble in water. The chlorides AsClj, SbClj, B1CI3, are at

once decomposed by (liquid) water, with formation of

oxide (AsjOj) or oxychlorides (SbClO, BiClO) and hydro-

chloric acid. The chlorides MgCl2, AljClj, CrjClj, FejClg

suffer a similar decomposition when evaporated with water

in the heat. The same holds in a limited sense for ZnClj,

CoCU, NiClj, and even CaCU. All chlorides, except those

of silver and mercury (and, of course, those of gold and

platinum), are oxidi2ed by steam at high temperatures,

with elimination of hydrochloric acid.

The above statements concerning the volatilities and

solubilities of metallic chlorides form the basis of a

number of important analytical methods for the separation

ef the respective metals.

For the characters of metals as chemical elements the

reader is referred to the article Chemistry and to the

special articles on the different metals. (w. d.)

METAL-WORK. Among the many stages in the de-

velopment of primeval man, none can have been of greater

moment in his struggle for existence than the discovery

of the metals, and the means of working them. The

names generally given to the three prehistoric periods of

man's life on the earth—the Stone, the Bronze, and the Iron

age—imply the vast importance of the progressive steps

from the flint knife to the bronze celt, and lastly to the

keen-edged elastic iron weapon or tool. The length of

time during which each of these ages lasted must of course

have been different in every country and race in the world.

The Digger Indians of South California have even now
not progressed beyond the Stone Age ; while some of the

tribes of Central Africa are acquainted with the use of

copper and bronze, though they are unable to smelt or

work iron.

The metals chiefly used have been gold, silver, copper

find tin (the last two generally mixed, forming an alloy

called bronze), iron, and lead. The peculiarities of these

various metals have naturally marked out each of them for

special uses and methods of treatment. The durability and
the extraordinary ductility and pliancy of gold, its power of

being subdivided, drawn out, or flattened into wire or leaf

of almost infinite fineness, have led to its being used for

works where great minuteness and delicacy of execution
were required ; while its beauty and rarity have, for the

most part, limited its use to objects of adornment and
luxury, as distinct from those of utility. In a lesser

degree most of the qualities of gold are shared by silver,

and consequently the treatment of these two metals has

always been very similar, though the greater abundance
of the latter metal has allowed it to be used on a larger

scale and for a greater variety of purposes.

Bronze is an alloy of copper and tin in varying propor-

tions, the proportion of tin being from 8 to 20 per cent.

The great fluidity of bronze when melted, the slightness of

its contraction on solidifying, together with its density and
hardness, make it especially suitable for casting, and allow

of its taking the impress of the mould with extreme sharp-

ness and delicacy. In the form of plate it can be tempered

and annealed till its elasticity and toughness are much
increased, and it can then be formed into almost any shape

under the hammer and punch. By other methods of

treatment, known to the ancient Egyptians, Greeks, and

others, but now forgotten, it could be hardened and formed

into knife and razor edges of the utmost keenness. In

many specimens of ancient bronze small quantities of

silver, lead, and zinc have been found, but their presence

is probably accidental.

In modern times, after the discovery of zinc, an alloy of

copper and zinc called brass has been much used, chiefly

for the sake of its cheapness as compared with bronze. In

beauty, durability, and delicacy of surface it is very inferior

to bronze, and, though of some commercial importance, has

been of but little use in the production of works of art.

To some extent copper was used in an almost pure state

during mediaeval times, especially from the 12th to the

15th century, mainly for objects of ecclesiastical use, such

as pyxes, monstrances, reliquaries, and croziers, partly on

account of its softness under the tool, and also because it

was slightly easier to apply enamel and gilding to pure

copper than to bronze (see' fig. 1). In the mediaeval

period it was used to some extent in the shape of thin

sheeting for roofs, as at St Mark's, Venice ; while during

the 16th and 17th centuries it was largely employed for

ornamental domestic vessels of various sorts.

Jron}—The abundance in which iron is found in so

many places, its great strength, its remarkable ductility

and malleability in a red-hot state, and the ease with

which two heated surfaces of iron can be welded together

under the hammer combine to make it speciaOy suitable

for works on a large scale where strength with lightness

are required—things such as screens, window-grills, orna-

mental hinges, and the like.

In its hot plastic state iron can be formed and modeUed

under the hammer to almost any degree of refinement,

while its great strength allows it to be beaten out mto

leaves and ornaments of abnost paper-like thinness and

delicacy. With repeated hammering, drawing out, and

annealing, it gains much in strength and toughness, and

the addition of a very minute quantity of carbon converte

1 Some recent analyses of the iron of prehistoric weapons have

brought to light the interesting fact that many of these earliest

specimens of iron manufacture contuifa considerable percentage of

nickel This special allov does not occur in any known iron ores,

but is invariably found in meteoric iron. It thus appears that iron

was manufactured from meteorolites which had faUen to the earth in

an almost pure metallic state, possibly long before prehistoric man

had learnt how to dig for and smelt iron in any of the forms of ore

which are found on this planet.
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it into steel, less tough, but of the keenest hardness. The
large employment of cast iron is comparatively modern, in

England at least only dating from the 16th century; it is

not, however, incapable of artistic treatment if due regard
be paid to the necessities of casting, and if no attempt is

made to imitate thT fine-drawn lightness to which wrought
iron so readily lends itself. At the best, however, it is not

generally suited for the finest work, as the great contrac-

tion of iron in passing from the fluid to the solid state

renders the cast somewhat blunt and spiritless.

Among the Assyrians, Egyptians, and Greeks the use of

iron, either cast or wrought, was very limited bronze being
the favourite metal for

almost all purposes.

The difficulty of smelt-

ing the ore was prob-

ably one i-eason for

this, as well as the

now forgotten skill

which enabled bronze

to be tempered to a
steel-like edge. Ithad,

however, its' value, of

which a proof occurs

in Homer {11. xxiii.),

where a mass of iron

is mentioned as being

one of the prizes at

the funeral games of

Patroclus.

Methods ofManipu-
lation in Metal- Work.

—Gold, silver, and
bronze may be treated

in various ways, the

chief of which are (1)

casting in a mould,

and (2) treatment by
hammeringand punch-
ing (French, repousse).

The first of these,

casting, is chiefly

adapted for bronze,

or in the case of the

more precious metals

only if they are used
on a very small scale.

The reason of this is

that a. repouss6 relief

is of much thinner

substance than if the

same design were cast,

even by the most
skilful metal-worker,

and so a large surface

may be produced with

a very small expendi-

ture of valuable metal.

Casting is probably
the most primitive FlO. 1.—Monstrance of Copper Gilt;

method of metal-work. Italian work of the 15th century.

This has passed through three stages, the first being

represented by solid castings, such as are most celts and
other implements of the prehistoric time ; the mould
was formed of clay, sand, or stone, and the fluid metal
was poured in tiU the hollow was full. The next stage

was, in the case of bronze, to introduce an iron core, prob-

ably t'o save needless expenditure of the more valuable

metal. The British Museum possesses an interesting

Etruscan or Archaic Italian example of this priniitivc

device. It is a bronze statuette from Sessa on ttie Voltariio

about 2 feet high, of a female standing, robed in a close
fitting chiton. The presence of the iron core has been
made visible by the splitting of the figure, owing to thb'

unequal contraction of the two metals. The forearms
which are extended, have been cast separately and solderetj

or brazed on to the elbows.

The third and last stage in the progress of the art of

casting was the employment of a core, generally of clay
round which the metal was cast in a mere skin, only thick
enough for strength, without waste of metal. The Greeks
and Romans attained to the greatest possible skill in this

process. Their exact method is not certainly known
but it appears probable that they were acquainted with
the process now called d, cire perdue—the same as that

employed by the great Italian artists in bronze, arid

still unimproved upon even at the present day. Cellini,

the great Florentine artist of the 16th century, his
described it fully in his Trattato della Scultura. If a

statue was to be cast, the figure was first roughly modeliid
in clay—only rather smaller in all its dimensions than tLe

future bronze; all over this a skin of wax was laid, a::d

worked by the sculptor with modelling tools to the required

form and finish. A mixture of pounded brick, clay, and
ashes was then ground finely in water to the consistence of

cream, and successive coats of this mixture were then

applied with a brush, tiU a second skin was formed all

over the wax, fitting closely into every line and depression

of the modelling. Soft clay was then carefully laid on to

strengthen the mould, in considerable thickness, till the

whole statue appeared like a shapeless mass of clay, round

which iron hoops were bound to hold it all together. The
whole was then thoroughly dried, and placed in a hot pven,

which baked the clay, both of the core and the outside

mould, and melted the wax, which was allowed to run out

from small holes made for the purpose. Thus a hollow

was left, corresponding to the skin of wax between the core

and the mould, the relative positions of which were pre-

served by various small rods of bronze, which had pre-

viously been driven through from the outer mould to the

rough core. The mould was now ready, and melted bronze

was poured in till the whole space between the core and

the outer mould was full. After slowly cooling, the outer

mould was broken away from outside the statue, and the

inner core as much as possible broken up and raked out

through a hole in the foot or some other part of the statue.

The projecting rods of bronze were then cut away, and

the whole finished by rubbing down and polishing over any

roughnesses or defective places. The most skilful sculptors,

however, had but little of this after-touching to do, the

final "modelling and even polish which they had put upon

the wax being faithfully reproduced in the bronze casting.

The further enrichment of the object by enameb and

inlay of other metals was practised at a very early period

by Assyrian, Egyptian, and Greek metal-workers, as well

as by the artists of Persia and mediaeval Europe.

The second chief process, that of hammered work (Greek,

sphyrelata ; French, repousse), was probably adopted for

bronze-work on a large scale, before the art of forming

large castings was discovered. In the most primitive

method thin plates of bronze were hammered over a

wooden core, rudely cut into the required shape, the core

serving the double purpose of giving shape to and

strengthening the thin metal.

A further development in the art of hammered work
consisted in laying the metal plate on a soft and elastic

bed of cement made of pitch and pounded brick. The
design was then beaten into relief from the back with

hammers and punches, the pitch bed yielding to the

>rntuberance8 which were thus formed, and serving *.o pre-
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vent the punch from breaking the metal into holes. The

pitch was then melted away from the front of the embossed

relief, and applied in a similar way to the back, so that the

modelling could be completed on the face of the relief,

the final touches being given by the graver. This process

was chiefly applied by mediaeval artists to the precious

metals, but by the AssjTians, Greeks, and other early

nations it was largely used for bronze.

The great gates of Shalmaneser II., 859-824 B.C., from

Balawat, now in the British Museum, are a remarkable

example of this sort of work on a large scale, though the

treatment of the reliefs is minute and delicate. The " Siris

bronzes," in the same museum, are a most astonishing

example of the skill attained by Greek artists in this

repouss^ work (see Bronsted's Bronzes of Siris, 1836).

They are a pair of shoulder-pieces from a suit of bronze

armour, and each has in very high relief a combat between

a Greek warrior and an Amazon. No work of art in

metal has probably ever surpassed these little figures for

beauty, vigour, and expression, while the skill with which

the artist has beaten these high reliefs out of a flat plate

of metal appears almost miraculous. The heads of the

figures are nearly detached from the ground, their sub-

stance is little thicker than paper, and yet in no place

has the metal been broken through by the punch. They

are probably of the school of Praxiteles, and date from the

4tK century B.C. (see fig. 2V

Fio. 2.—One of the Siris Bronzes.

Copper and tin have been but little used separately.

Copper in its pure state may be worked by the same

methods as bronze, but it is inferior to it in hardness

Btrength, and beauty of surface. Tin is too weak and

brittle a metal to be employed alone for any but small

objects. Some considerable number of tin drinking-cupa

and bowls of the Celtic period have been found in Corn-

wall in the neighbourhood of the celebrated tin and copper

mines, which appear to have been worked from a very early

period. The existence of these mines was knovm to the

Phcenicians, who carried on a considerable trade in metals

with the south-west corner of England and the Scilly Isles

—probably the Cassiterides of Pliny and other classical

writers.

The use of lead has been more extended. In sheets it

forms the best of all coverings for roofs and even spires,

in the Roman and mediaeval periods it was largely used

for cofiins, which were often richly ornamented vrith cast

work in relief. Though fusible at a very low temperature,

and very soft, it has great power of resisting decay from

damp or exposure. Its most important use in an artistic

form has been in the shape of baptismal fonts, chiefly

between the 11th and the 14th centuries. The superior

beauty of colour and durability of old specimens of lead is

owing to the natural presence of a small proportion of

silver. Modern smelters carefully extract this silver from

the lead ore, thereby greatly impairing the durability and

beauty of the metal.

As in almost all the arts, the ancient Egyptians excelled

in their metal-work, especially in the use of bronze and

the precious metals. These were worked by casting and

hammering, and ornamented by inlay, gilding, and enamels

with the greatest possible skill.

- From Egypt perhaps was derived the early skill of the

Hebrews. Further instruction in the art of metal-working

came probably to the Jews from the neighbouring country

of Tyre. The description of the great gold lions of

Solomon's throne, and the laver of cast bronze supported

on figures of oxen, shows that the artificers of that time had

overcome the difficulties of metal-working and founding

on a large scale. The Assyrians were perhaps the most

remarkable of all ancient nations for the colossal size and

splendour of their works in metal ; whole circuit walls of

great cities, such as Ecbatana, are said to have been

covered with metal plates, gilt or silvered.

Herodotus, Athenseus, and other Greek and Roman
writers have recorded the enormous number of colossal

itl tues and other works of art for which Babylon and

Niueveh were so famed. The numerous objects of bronze

and other metals brought to light by the excavations of

the last forty years in the Tigris and Euphrates valleys,

though mostly on a small scale, bear witness to the great

skill and artistic power of the people who produced them

:

while the recent discovery of some bronze statuette.s,

shown by inscriptions on them to be not later than 2200

B.C., proves how early was the development of this branch

of art among the people of Assyria.

The Metal- Work of Greece.—The poems of Homer are

full of descriptions of elaborate works in bronze, iron, gold,

and silver, which, even when full allowance is made for

poetic fancy, show clearly enough a very advanced amount

of skill in the working and ornamenting of these metals

among the Greeks of his time. His description of the

shield of Achilles, made of bronze, enriched with bands of

figure reliefs in gold, silver, and tin, could hardly have

been written by a man who had not some personal

acquaintance with works in metal of a very elaborate kind.

Again, the accuracy of his descriptions of brazen houses—

su'ch as that of Alcinous, Od. vii. 81—is borne witness to by

Pausanias's mention of the bronze temple of Athena

XaXxioiKos in Sparta, and the bronze chamber dedicated

to Myron in 648 B.C., as well as by the discovery of the

stains and bronze nails, which show that the whole interior

of the so-called treasury of Atreus at Mycenae was once

XVI. — lo
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covered with a lining of bronze plates. Of the two chief

methods of working bronze, gold, and silver, it is probable

that the hammer process was first practised, at least for

statues, among the Greeks, who themselves attributed the

invention of the art of hoUow casting to Theodorus and
RhcEcus, both Samian sculptors, about the middle of the

6th century B.C. Pausanias specially mentions that one

of the oldest statues he had ever seen was a large figure

of Zeus in Sparta, made of hammered bronze plates riveted

together. With increased skill in larg#castings, and the

discovery of the use of cores, by which the fluid bronze

was pouied into a mere skin-like cavity, hammered or

repouss^ work (Greek, sphyrelata) was only used for small

objects where lightness was desirable, or for the precious

metals in order to avoid large expenditure of metal. The
colossal statues of ivory and gold by Phidias were the

most notable examples of this use of gold, especially his

statue of Athena in the Parthenon, and the one of Zeus at

Olympia. The nude parts, such as face and hands, were

of ivory, while the armour and drapery were of beaten

gold. The comparatively small weight of gold used by
Phidias is very remarkable when the great size of the

statues is considered.

A graphic representation ot tne workshop of a Greek

sculptor in bronze is given on a fictile vase now in the

Berlin Museum (see Gerhard's Trinkschalen, plates xii.,

xiii.). One man is raking out the fire in a high furnace,

while another behind is blowing the bellows. Two others

are smoothing the surface of a statue with scraping tools,

formed like a stngiL A fourth is beating the arm of an

unfinished figure, the head of which lies at the workman's
feet. Perhaps the most important of early Greek works in

cast bronze, both from its size and great historical interest,

is the bronze pillar (now in the Hippodrome at Constanti-

nople) which was erected to commemorate the victory of

the allied Greek states over the Persians at Plateea in 479
B.C. (see Newton's Travels in the Levant). It is in the form
of three serpents twisted together, and before the heads

were broken off was at least 20 fe^t high. It is cast

hoUow, all in one piece, and has thii names of the allied

states engraved on the lower part of the coils. Its size

and the beauty of its surface show great technical skill in

the founder's art. On it once stood the gold tripod dedi-

cated to Apollo as a tenth of the spoils. It is described

both by Herodotus and Pausanias.

Marble was comparatively but litt'e used by the earlier

Greek sculptors, and even Myron, a rather older man than

Phidias, seems to have executed nearly all his most im-

portant stat\res in metaL
Additional richness was given to Greek bronze-work by

gold or silver inlay on lips, eyes, and borders of the dress

;

one remarkable statuette in the British Museum has eyes

inlaid with diamonds, and fret-work inlay in silver on the

border of the chiton.

The mirrors of the Greeks are among the most important

specimens of their artistic metal-work. These are bronze

disks, one side polished to serve as a reflector, and the back
ornamented with engraved outline drawings, often of great

beauty (see Gerhard, Etruskische Spiegel, 1843-67).

The Greek workman, in fact, was incapable of making
an ugly thing. Whatever the metal or whatever the object

formed, whether armour, personal ornaments, or domestic

vessels, the form was always specially adapted to its use,

the ornament natural and graceful, so that the commonest
water-jar was a delight alike to him who m?de it and those

who used it.

In metal-work, as in other arts, the Romans were pupils

and imitators of the Greeks. Owing to the growth of that

spirit of luxiiry which in time caused the extinc*ion of the

Roman empire, a considerable demand arose for magni-

ficent articles of gold and silver plate. The finest speci-'

mens of these that still exist are the very beautiful set of

silver plate found buried near Hildesheim in 1869, now in

the Berlin Museum. They consist of drinking vessels,

bowls, vases, ladles, and other objects of silver, parcel-gilt,

and exquisitely decorated with figures in relief, both cast

and repouss^. There are electrotypes of these in the

South Kensington Museum.
When the seat of the empire was changed from Rome

to Byzantium, the latter city became the chief centre for

the production of artistic metal-work. From Byzantium
the special skiU in this art was transmitted in the 9th and

10th centuries to the Rhenish provinces of Germany and

to Italy, and thence to the whole of Western Europe ; in

this way the 18th-century smith who wrought the Hamp-
ton Court iron gates was the heir to the mechanical skill

of the ancient metal-workers of Phcenicia and Greece.

In that period of extreme degradation into which all the

higher arts fell after the destruction of the Roman empire,

though true feeling for beauty and knowledge of the

subtleties of the human form remained for centuries almost

dormant, yet at Byzantium at least there still survived

great technical skill and power in the production of all

sorts of metal-work In the age of Justinian (first hall

of the 6th century) the great church of St Sophia at

Constantinople was adorned with an almost incredible

amount of wealth and splendour in the form of screens,

altars, candlesticks, and other ecclesiastical furniture made
of massive gold and silver.

Metal-Work in Italy.—It was therefore to Byzantium
that Italy turned for metal-workers, and especially for gold-

smiths, when, in the 6th to the 8th centuries, the basilica

of St Peter's in Rome was enriched with masses of gold

and silver for decorations and fittings, the gifts of many
donors from Behsarius to Leo EU., the mere catalogue of

which reads like a tale from the Arabian Nights. The
gorgeous Pala d'Oro, still in St Mark's at Venice, a gold

retable covered witt delicate reliefs and enriched with

enamels and jewels, was the work of Byzantine artists

during the 11th century. This work was in progress fcr

more than a hundred years, and was set in its place in

1106 A.D., though stiU unfinished (see Bellomo, Pala d'Oro

di S. Marco, 1847).

It was, however, especially lor the production of bronze

doors for churches, ornamented with panels of cast work

in high relief, that Italy obtained the services of Byzantine

workmen (see Garrucci, Arte Cristiana, 1872-82). One
artist named Staurachios produced many works of this

class, some of which still exist, such as the bronze doors

of the cathedral at Amalfi, dated 1066 a-D. Probably

by the same artist, though his name was spelled dif-

ferently, were the bronze doors of San Paolo fuori le

Mura, Rome, careful dra^vings of which exist, though the

originals were destroyed in the fire of 1824, Other

important examples exist at Ravello (1197), Salerno

(1099), Amalfi (l^^'-)* Atram (1087) ; and doors at Mon-
reale in Sicily and at Trani, signed by an artist named
Barisanos ^end of the 1 2th century) ; the reliefs on these

last are remarkable for expression and dignity, in spite

of their early rudeness of modelling and ignorance of the

human figure.

Most of these works in bronze were enriched with fine

lines inlaid in silver, and in some cases with a kind of

niello or enamel. The technical skiU of these Byzantine

metal-workers was soon acquired by native Italian artists,

who produced many important works in bronze similar io

style and execution to those of the Byzantine Greeks.

Such, for example, are the bronze doors of San Zenone at

Verona (unlike the others, of repoussfS not cast work) ; those

of the Duomo of Pisa, cast in 1 180 by Bonannus, and of the

I
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Duomo of Trbia, the last made in the beginning of the 12th

century by Oderisius of Benevento. Another artist named

Roger of Amalfi worked in the same way ; and in the

year 1219 the brothers Hubertus and Petrus of Piacenza

cast the bronze door for one of the side chapels in San

Giovanni in Laterano. One of the most important early

specimens of metal-work is the gold and silver altar of

Sant' Ambrogio in Milan. In character of work and

design it resembles the Venice Pala d'Oro, but is still

earlier in date, being a gift to the church from Arch-

bishop Angilbert II. in 835 a.d. (see Du Sommerard,

and D'Agincourt, Moyen Age). It is signed wolvxnivs

UAOISTEK PHABER ; nothing is known of the artist, but he

probably belonged to the semi-Byzantine school of the

Rhine provinces ; according to Dr Rock he was an Anglo-

Saxon goldsmith. It is a very sumptuous work, the front

of the altar being entirely of gold, with repouss6 reliefs

and cloisonn^e enamels ; the back and ends are of silver,

with gold ornaments. On the front are figures of Christ

and tho twelves apostles ; the ends and back have reliefs

illustrating the life of St Ambrose.

The most important existing work of art in metal of the

13th century is the great candelabrum now in Milan

cathedral. It is of gilt bronze, more than 1 4 feet high

;

it has seven branches for candles, and its upright stem

is supported on four winged dragons. For delicate and

spirited execution, together with refined gracefulness of

design, it is unsurpassed by any similar work of art. Every

one of the numerous little figures with which it is adorned

is worthy of study for the beauty and expression of the face,

and the dignified arrangement of the drapery (see fig. 3).

FlO. 3.—Boss from the Hila Ciiudelabrum.

The semi-conventional open scroll-work of branches and

fruit which wind around and frame each figure or group is

devised with the most perfect taste and richness of fancy,

while each minute part of this great piece of metal-work

is finished with all the care that could have been bestowed,

on the smallest article of gold jewellery. Though some-

thing in the grotesque dragons of the base recalls the

Byzantine school, yet the beauty of the figures and the

keen feeling for graceful curves and folds in the drapery

point to a native Italian as being the artist who produced

this wonderful work of art. There is a cast in the South

Kensington Museum.
During the 13th and 14th centuries in Italy the wide-

spread influence of Niccolo Pisano and his school encouraged

the sculptor to use marble rather than bronze for his work.

At this period wrought iron came into general use in the

form of screens for chapels and tombs, and griUs for

windows. These are mostly of great beauty, and show

remarkable skill in the use of the hammer, as well as power

in adapting the design to the requirements of the material
Among the finest examples of this sort of work are the

screens round the tombs of the Scala family at Verona,
1350-75,—a sort of net-work of light cusped quatrefoils,

each filled up with a small ladder (scala) in allusion to

the name of the family. The most elaborate specimen of

this wrought work is the screen to the Rinuccini chapel in

Santa ,Croce, Florence, of 1371, in which moulded pillars

and window-like tracery have been wrought and modelled

by the hammer with extraordinary skill (see Wyatt, Metal-

Work of Middle Ages). Of about the same date are the

almost equally magnificent screens in Sta Trinita, Florence,

and at Siena across the chapel in the Palazzo Pubblico.

The main part of most of these screens is filled in with

quatre-foils, and at the top is an open frieze formed of

plate iron pierced, repouss^, and enriched with engraving.

In the 14th century great quantities of objects for

ecclesiastical use were produced in Italy, some on a large

scale, and mostly the works of the best artists of the time.

Fia. 4.—Silver Repousso Reliefs from tliu Plstoia Relable.

The silver altar of the Florence baptistery is one of the

chief of these; it was begun in the first half of the 14th

century, and not completed till after 1477 (see Gaz. des

Beaux Arts, Jan. 1883). A whole scries of the greatest

artists in metal laboured on it in succession, among whom
were Orcagna, Ghiberti, Verrocchio, Ant. PoUajuolo, and

many others. It has elaborate reliefs in repouss6 work, cast

canopies, and minute statuettes, with the further enrich-

ment of translucent coloured enamels. The silver altai

and retable of Pistoia cathedral (see fig. 4), and the great

shrine at Orvieto, are works of the same class, and of equal

importance.

\vhole volumes might be devoted to the magnificent

works in bronze produced by the Florentine artists of this

century, works such as the baptistery gates by Ghiberti,

and the statues of Verrocchio, Donatello, and many
others, but these come rather under the head of sculpture
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Some very magnificent bronze screens were produced at

this time, especially that in Prato cathedral by Simone,

brother of Donatello, in 1444-61, and the screen and bronze

ornaments of the tomb of Piero and Giovanni dei Medici

in San Lorenzo, Florence, by Verrocchio, in 1472.

At the latter part of the 15th century and the beginning

of the 16th the PoUajuoli, Ricci, and other artists devoted

much labour and artistic skill to the production of candle-

sticks and smaller objects of bronze, such as door-knockers,

many of which are works of the greatest beauty. The
candlesticks in the Certosa near Pavia, and in the cathedrals

of Venice and Padua, are the finest examples of these.

Niccol6 Grossi, who worked in wrought iron under the

patronage of Lorenzo dei Medici, produced some wonderful

specimens of metal-work, such as the candlesticks, lanterns,

and rings fixed at intervals round the outside of the great

palaces (see fig. 5). The Strozzi palace in Florence and

FiQ. 5.- -Wrought Iron Candle-Pricke*. ; late 15th-century.

Florentine work.

the Palazzo del Magnifico at Siena have fine specimens of

these,—the former of ^vl•ought iron, the latter in cast bronze.

At Venice fine work in metal, such as salvers and vases,

was being produced, of almost Oriental design, and in

some cases the work of resident Arab artificers. In the

16th century Benvenuto Cellini was supreme for skill in

the production of enamelled jewellery, plate, and even larger

works of sculpture (see Plon's Ben. Cellini, 1882), and John

of Bologna in the latter part of the same century inherited

to some extent the skill and artistic power of the grpat

15th-century artists. Since that time Italy, like other

countries, has produced little metal-work of real value.

Spain.—From a very early period the metal-workers of

Spain have been distinguished for their skill, especially in

the use of the precious metals A very remarkable set of

specimens of goldsmith's worK of the 7th century are the

eleven votive crowns two crosses, and other objects found

in 1858 atGuarrazar, and now preserved at Madrid and in

Paris in Ihe Cluny Museum (see Du Sominerard, Musee de

Clu^v, 1852). Magnificent works in silver, such as shrines,

altar crosses, and church vessels of all kinds, were pro-

duced in Spain from the 14th to the 16th century,

—

especially a number of sumptuous tabernacles (custodia)

for the host, magnificent examples of which still exist

in the cathedrals of Toledo and Seville. The bronze

and wrought iron screens

—

ryas, mostly of the 15th
and 16th centuries—to be found in almost every im-

portant church in Spain are very fine examples of metal-

work. They generally have moulded rails or ballusters,

and rich friezes of pierced and repouss6 work, the whole
being often thickly plated with silver. The common use

of metal for pulpits is a peculiarity of Spain ; they are

sometimes of bronze, as the pairs in Burgos and Tokdo
cathedrals, or in ^^T0ught iron, like those at Zamora and
in the church of San Gil, Burgos. The great candelabrum
or tenehrarium in Seville cathedral is the finest speci-

men of 16th-century metal-work in Spain; it was mainly
the work of Bart. Morel in 1562. It is of cast bronza.

enriched with delicate scroll-work foliage, and with num-
bers of well-modelled statuettes, the general effect being

very rich and graceful. Especially in the art of metal-

work Spain was much influenced in the 15th and 16th

centuries by both Italy and Germany, so that numberless

Spanish objects produced at that time owe little or nothing

to native designers. At an earlier period Arab and Moor-
ish influence is no less apparent.

England.—In Saxon times the English metal-workers,

especially of the precious metals, possessed great skill, and
appear to have produced shrines, altar-frontals, retables,

and other ecclesiastical furniture of considerable size and
magnificence.

Dunstan, archbishop of Canterbury (925-988), like

Bernward, bishop of Hildesheira a few years later, and St

Eloi of France three centuries earlier, was himself a skilful

worker in all kinds of metal. The description of the gold

and silver retable given to the high altar of Ely by Abbot
Theodwin in the 1 1th centurj', shows it to have been a large

and elaborate piece of work decorated with many reliefs

and figures in the round. In 1241 Henry III. gave the

order for the great gold shrine to contain the bones of

Edward the Confessor (see W. HxxTgis, \n Gleanings from
Westminster). It was the work of members of the Otho
family, among whom the goldsmith's and coiner's crafts

appear to have been long hereditary. Countless other

important works in the precious metals adorned every

abbey and cathedral church in the kingdom.

In the 13th century the English workers in T^TOught

iron were especially skilful. The grill over the tomb of

Queen Eleanor at Westminster, by Thomas de Leghton,

made about 1294, is a remarkable example of skill in weld-

ing and modelling with the hammer (see fig. 6).

The rich and graceful iron hinges, made often for small

and out-of-the-way country churches, are a large and

important class in th? list of English wrought iron-work.

Those on the refectory door of Merton College, Oxford, are

a beautiful and well-preserved examnle dating from the

14th century.

More mechanical in execution, though still very rich in

effect, is that sort of iron tracery work produced by cutting

out patterns in plate, and superimposing one plate over

the other, so as to give richness of effect by the shadows

produced by these varying planes. The screen by Henry

V.'s tomb at Westminster is a good early specimen,f^f this

kind of work.

The screen to Bishop West's chapel at Ely, aha that

rrund Edward IV. 's tomb at Windsor, both made towards

the end of the 15th centurv are the most magnificent
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English examples of WTOUght iron, in which every art and
feat of skill known to the smith has been brought into

play to give variety and richness to the work.

Much wrought-iron work of great beauty was produced

at the beginning of the 18th century, especially under the

superintendence of Sir Christopher Wren (see Ebbetts,

Iron Work of \'th and I8lh Centuries, 1880). Large
flowing leaves of acanthus and other plants were beaten

out with wonderful spirit and beauty of curve. The
gates from Hampton Court are the finest examples of

this class of work (see fig. 7).

From an early period bronze and latten (a variety of

brass) were much used in England for the smaller objects

both of ecclesiastical and domestic use, but except for

tombs and lecterns were but little used on a large scale till

the 16th century. The full-length recumbent eflSgies of

Henry III. and Queen Eleanor at Westminster, cast in

bronze by the " cire perdue " process, and thickly gilt, are

equal, if not superior, in artistic beauty to any sculptor's

work of the same period (end of the 13th century) that was

produced in Italy or elsewhere. These effigies are the work

Fio. 6.—Part of the " Eleanor Grill."

01 an Englishman named William Torel (see WestminMer

Gleanings). The gates to Henry VII. 's chapel, and the

screen round his tomb at Westminster (see fig. 8), are very

elaborate and beautiful examples of " latten " work, show-

ing the greatest technical skill in the founder's art. In

latten also were produced the numerous monumental

brasses of which about two thousand still exist in England.

Though a few were made in the 13 th centiiry, yet it was

not tSl the Uth that they came into general use. They

are made of cast plates of brass, with the design worked

upon them with the chisel and graver. All those, how-

ever, to be seen in English churches are not of native

work—great quantities of them being Flemish imports (see

Cotman, Waller, and Boutell tin Monumental Brasses).

In addition to its chief use as a roof covering, lead was

sometimes used in England for making fonts, generally

tub-shaped, with figures cast in relief. Many examples

exist : e.g., at Tidenhara, Gloucestershire ; Warborough and

Dorchester, Oxon ; Chirton, Wilts ; and other places.

Germany.—Unlike England, Germany in the 10th and
11th centuries produced large and elaborate works in cast

bronze, especially doors for churches, much resembling

the contemporary doors made in Italy under Byzantine

influence. Bernward, bishop of Hildesheim, 992-1022,
was especially skilled in this work, and was much influenced

in design by a visit to Rome in the suite of Otho III. The
bronze column with winding reliefs now at Hildesheim

was the result of his study of Trajan's column, and the

bronze door which he made for his own cathedral shows

classical influence, especially in the composition of the

drapery of the figures in the panels.

FlQ. 7.—Part of one of the Hampton Court Gates.

The bronze doors of Augsburg (1047-72) are similar

in style. The bronze tomb of Rudolph of Swabia in

Mersburg cathedral (1080) is another fine work of the

same school. The production of works in gold and silver

was also carried on vigorously in Germany. The shrine of

the three kings at Cologne is the finest surviving example

At a later time Augsburg and >^aremberg were the chief

centres for the production of artistic works in the various

metals. Herman Vischer, in the 15th century, and his son

and grandsons were veryremarkable as bronze founders. The

font at Wittenberg, decorated with reliefs of the apostles,

was the work of the elder Vischer, while Peter and his son

produced, among other important works, the shrine of St

Sebald at Nuremberg, a work of great finish and of

astonishing richness of fancy in its design (see Doebner

ChrhtUches Kunsthlaii, 1866, Nos. 10-12). The tomb

of Maximilian I., and the statues round it, at Innsbruck,

begun in 1521, are perhaps the most meritorious German

work of this class in the 16th century, and show consider-

able Italian influence.
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la wrought iron the German smiths, especially during

the 15th century, greatly excelled Almost peculiar to

Germany is the use of wrought iron for grave-crosses and
sepulchral monuments, of which the Nuremberg and other

cemeteries contain fije examples. Many elaborate well-

canopies were made in wrought iron, and gave full play to

the

Flo. S.—Part of Henry VII. 'a Croiue Screen.

fancy and invention of the smith. The celebrated

most are now destroyed, but a fine specimen still jsi&ta

at Westminster on the tomb of William de Valence (1296).

In ornamental iron-work for doors the French smiths were

pre-eminent for the richness of design and skilful treatment

of their metal. No examples probably surpass those on

the west doors of Notre Dame in Paris—now unhappily

much falsified by restoration. Tie crockets and finiala

on the filches of Amiens and Rheims are beautiful speci-

mens of a highly ornamental treatment of cast lead, for

which France was especially celebrated. In most respects,

however, the development of the various kinds of metal-

working went through much the same stages as in England.

Persia and Damascus.—The metal-workers of the East,

especially in brass and steel, were renowned for their skill

15th-century example over the well at Antwerp, attributed

to Quintin Massys, is the finest of these.

France.—From the time of the Romans the city of

Limoges has. been celebrated for all sorts of metal-work,

and especially for brass enriched with enamel. In the

13th and 14th centuries many life-size sepulchral effigies

were made of beaten copper or bronze, and ornamented by

various-coloured " champlev(5 " enamels. The beauty of

these effigies led to their being imported into England;

Fio. 9.—Brass Vase, pierced and gilt ; 17th century Persian work.

even in the time of Theophilus, the monkish writer on the

subject in the 13 th century. But it was during the reign

of Shah Abbas I. (d. 1628) that the greatest amount of

skill both in design and execution was reached by the

Persian workmen. Delicate pierced vessels of gilt brass,

enriched by tooling and inlay of gold and silver, were

among the chief specialties of the Persians (see fig. 9).

A process called by Europe«ns "damascening" (from

Damascus, the chief seat of the export) was used to produce

very delicate and rich surface ornament. A pattern was

incised with a grayer in iron or steel, and then gold wire

was beaten into the sunk lines, the whole surface being

then smoothed and polished. In the time of Cellini this

process was copied in Italy, and largely used, especially

for the decoration of weapons and armour. The repouss6

process both for brass and silver was much used by Oriental

workers, and even now fine works of this class are prc>-

duced in the East, old designs still being adhsred to.
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Recent Metal- Work—In modern Europe generally .the

arts of metal-working both as regards design and tech-
nical skill are not in a flourishing condition. The great
bronze lions of the Nelson monument in London are a sad
example of the present low state of the founder's art.

Coarse sand-casting in England now takes the place of the
delicate "cire perdue" process.

Some attempts have lately been made in Germany to
revive the art of good wrought-iron work. The Prussian
gates, bought at a high price for the South Kensington
Bluseum, are large and pretentious, but unfortunately are
only of value as a warning to show what wrought iron
ought not to be. Some English recent specimens of ham-
mered work are more hopeful, and show that one or two
smiths are working in the right direction.

Literature.—TRUEmoKic : Worsaae, NordisTce Oldsager i Kjohen-
havn, 1854 ; Perrin, £tude prehistorique—Age du bronze, 1870.
Classical : Layard, Nineveh and Babylon, 1853 ; Lane's and
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METAMORPHOSIS. This term has been employed
in several distinct senses in biology. During the early

part of the century it was constantly used to include the

current morphological conceptions, as, for instance, of the

parts of a flower as modified or " metamorphosed " leaves,

or of the segments of a skull as modified vertebrae.

It is stOl frequently employed to denote that progressive

change from the general to the special undergone by all

developing tissues and organs (see Biology, Embryology),
but in this sense is conveniently superseded by the term
" differentiation." In the process of animal development,
two types are broadly distinguishable,—a fcetal type, in

which development takes place wholly or in greater part

either within the egg or within the body of the parent,

and a larval type, in which the young are born in a

condition more or less difi"ering -from that of the adult,

while the adult stage again is reached in one of two ways,

either by a process of gradual change, or by a succession

of more or less rapid and striking transformations, to

which the term metamorphosis is now usually restricted.

Metamorphosis is generally regarded as having been

brought about by the action of natural selection, partly in

curtailing and reducing the phases of development (an

obvious advantage in economy of both structural and

functional change), and partly also in favouring the

acquirement of such secondary characters as are advan-

tageous in the struggle for existence. Freshwater and
terrestrial animals develop without metamorphosis much
more frequently than marine members of the same group,

a circumstance which has been variously explained. For

details of metamorphoses see the articles on the various

groups of animals ; see also Balfour's Coiiiparalice "Em-

bryology. 1880-81.

METAPHYSIC
THE term metaphysic, originally intended to mark the

place of a particular treatise in the collection of

Aristotle's works, has, mainly owing to a misunderstanding,

survived several other titles,—such as " First Philosophy,"
" Ontology," and " Theology," which Aristotle himself

used or suggested. Neo-Platonic mystics interpreted it

as signifying that which is not merely " after " but
" beyond " physics, and found in it a fit designation

for a science which, as they held, could not be attained

except by one who had turned his back upon the natural

world. And writers of a diff'erent tendency in a later

time gladly accepted it as a convenient nickname for

theories which they regarded as having no basis in

experience, in the same spirit in which the great German
minister Stein used the analogous title of " metapoLitics

"

for airy and unpractical schemes of social reform. A brief

indication of the contents of Aristotle's treatise may enable

ns to give a general definition of the science which was first

distinctly constituted by it, and to determine in what sense

the subjects which that science has to consider are beyond

nature and experience.

For Aristotle, metaphysic is the science which has to do

with Being as such, Being in general, as distinguished from

tie special sciences which deal with special forms of

Wng. There are certain questions which, in Aristotle's

7i«w, we have a right to ask in regard to everything that

presents itself as real 'We may a^-k wlipt is its ideal

nature or definition, and what are the conditions of its

realization ; we may ask by what or whom it was produced,

and for what end ; we may ask, in other words, fur the

formal and the material, for the eflScient and the final

causes of everything that is. These different questions

point to different elements in our notion of Being, elements

which may be considered in their general relations ajiart

from any particular case of their union. Tlie«c, therefore,

the first philosophy must investigate. But, further, this

science of being cannot be entirely separated from the

science of knowing, but must determine at lea.st its most

general principles. For the science that deals with what

is most universal in being U, for that very reason, dealing

with the objects which are most nearly akin to the

intelligence. These, indeed, are not the objects which are

first presented to our minds ; we begin with the particular,

not the universal, with a TrpSn-ov ri/juv which is not irpCrrov

</>v<T€i; but science reaches its true form only when the

order of thought is made one with the order of nature, and

the particular is known through the universal. Yet this

conversion or revolution of the intellectual point of view

is not to be regarded as an absolute change from error to

truth : for Aristotle holds that nihil est in inlellectu quod

nan prius in sensu, in the meaning that in sense perception

there is already the working of that discriminative iiitelli-
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gence^ which, beginning in sense perception, with the dis-

tinction of particular from particular, can rest only when it

has apprehended things in their universal forms or defini-

tions. Looking at knowledge formally, the highest law of

thought, the law of contradiction (or, as we might call it, to

indicate Aristotle's meaning more exactly, the law of de-

finition or distinction), is already implied in the firbt act of

perception by which one thing is distinguished from another.

Looking at it materially, the reason of man is to be con-

ceived as potentially all that is knowable ; i.e., objects are

so related to it that for it to know them in their essential

definitions is only to know itself. The aim of science, in

this view, is to break through the husk of matter, and to

apprehend things in their forms, in which they are one with

the mind that knows" them. Hence also it follows that in

rising to the most universal science, the science of Being in

general, the mind is not leaving the region of immediate

experience, in which it is at home, for a far-off region of

abstractions. Rather it is refuming to itself, apprehend-

ing that which is most closely related to itself, and which

therefore, though it is late in being made the direct object

of investigation, is yet presupposed in aU that is, and is

known.^
Metaphysic, then, is the science which deals with the

principles which are presupposed in all being and knowing,

though they are brought to light only by philosophy.

Another trait completes the Aristotelian account of it.

It is theology, or the science of God. Now God is vo'ijo-is

voijcrcois, pure self-consciousness, the absolute thought which

is one with its object, and He is therefore the first cause

of all existence. For, while the world of nature is a world

of motion and change, in which form is realized in matter,

this process of the finite can be explained only by referring

it back to an unmoved mover, in whom there is no distinc-

tion of matter and form, and who is, therefore, in Aristotle's

view, to be conceived as pure form, the purely ideal or

theoretic activity of a consciousness whose object is itself.

Such a conception, however, while it secures the independ-

ence and absoluteness of the unmoved mover, by removing

him from all relation to what is other than himself, seems

to make his connexion with the world inexplicable. We
can on this theory refer the world to God, but not God to

the world. Hence Aristotle seems sometimes to say that

God is the first mover only as He is the last end after which

all creation strives, and this leads him to attribute to

nature a desire or will which is directed towards the good

as its object or end.

Aristotle then brings together in his metaphysic three

elements which are often separated from each other, and

the connexion of which is far from being at once obvious.

It is to him the science of the first principles of being.

It is also the science of the first principles of knowing.

Lastly, it is the science of God, as the beginning and end

of all things, the absolute unity of being and thought, in

which all the difi^erences of finite thought and existence

are either excluded or overcome.

To some this description' of the contents of Aristotle's

treatise, and especially the last part of it, may seem to be

a confirmation of all the worst charges brought against

mets physic. For at both extremes this supposed science

seems to deal with that which is beyond experience, and

which therefore cannot be verified by it. It takes us

back to a beginning which is prior to the existence as weU
as to the consciousness of finite objects in time and space,

and on to an end to which no scientific prophecy based

upon our consciousness of such objects can reach. In the

' ekivajut KpiTixit, Anal. Post., ii. 99d.

- What is said here as to the intelligence is partly taken from the

JJe Anima. Tne necessary qualifications of the above general state-

ment of Aristotle's views will be given subsequently.

former aspect of it, it has to do with notions so abstract

and general that it seems as if they could not be fixed or

tested by reference to any experience, but must necessarily

be the playthings of dialectical sophistry. In the latter

aspect of it, it entangles us in questions as to the final

cause and vdtimate meaning of things, questions involving

so comprehensive a view of the infinite universe in which

we are insignificant parts that it seems as if any attempt

to answer them must be for us vain and presumptuous.

On both sides, therefore, metaphysic appears to be an

attempt to occupy regions which are beyond the habitable

space of the intelligible world^to deal with ideas which

are either so vague and abstract that they cannot be

fastened to any definite meaning, or so complex and far-

reaching that they can never by any possibility be verified.

For beings like men, fixed within these narrow limits of

space and time, the true course, it would seem, is to

"cultivate their gardens," asking neither whence they

come nor whither they go, or asking it only within the

possible limits of history and scientific prophecy. To go

back to the beginning or on to the end is beyond them,

even in a temporal, still more in a metaphysical, sense.

That which is TpaJrov (^vVci escapes us even more absolutely

than the prehistorical and pregeologieal records of man
and his world. That which is vo-totoi/ ^<jo-€i escapes us

even more absolutely than the far-off future type of

civilization, which social science vainly endeavours to

anticipate. Our state is best pictured by that early

Anglican philosopher who compared it to a bird flying

through a lighted room "between the night and the

night." The true aim of philosophy is, therefore, it

would seem, to direct our thoughts to the careful exam-

ination and utilization of the narrow space allotted to us

by an inscrutable power, and with scientific -self-restraint

to refrain from all speculation either on first or on fina)

causes.

The main questiojis as to the pu.5siDUity and the nature of

metaphysic, according to Aristotle's conception of it, may
be summed up under two heads. We may ask whethe t

we can in any sense reach that which is beyond experience,

and, if so, whether this " beyond " is a first or a last

principle, a pre-condition or a final cause of nature and

experience, or both. The former question branches out

into two, according as we look at metaphysic from the

objective or the subjective side, or, to express the matter

more accurately, according as we consider it in relation to

those natural objects which are merely objects of knowledge,

or in relation to those spiritual objects which are also

subjects of knowledge. We shall therefore consider meta-

physic, first, in relation to science in general, and, secondly,

in relation to the special science of psychology. The

latter question also has two a-spects ; for, while the idea of

a first cause or principle points to the connexion between

metaphysic and logic, the idea of a last principle or final

cause connects metaphysic with theology. We shall there-

fore consider in the third place the relation of metaphysic

to logic, and in the fourth place its relation to religion and

the philosophy of religion.

1 . The Relation ofMetaphysic to Science.—The beginnings

of science and metaphysic are identical, though there is a

sense in which it may be admitted that the metaphysical

comes before the scientific or positive era. The first efforts

of philosophv grasp at once at the prize of absolute

knowledge. No sooner did the Greeks become dissatisfied

with the pictorial synthesis of mythology by which their

thoughts were first lifted above the confusion of particular

things, than they asked for one universal principle which

should explain all things. The Ionic school sought to find

some one phenomenon of nature which might be used as

the key to all other phenomena. The Eleatics, seeing the
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futility of making one finite tbing thu explanation of all

other finite things, tried to find that explanation in the very

notion of unity or being itself. We need not underestimate

the speculative value of such bold attempts to sum up all

fhe variety of the world in one idea, but it is obvious that

they rather give a name to the problem than solve it, or

that they put the very consciousness of the problem in place

of the solution of it. Science is possible only if we can

rise from the particular to the universal, from a subjective

view of things as they immediately present themselves to

us in perception to an objective determination of them
through laws and principles which have no special relation

to any particular set of events or to any one individual

subject. But this is only one aspect of the matter. To
advance from a conception of the world ire ordine ad
individuum to one in ordine ad universum, and so to

discount and eliminate what is merely subjective and
accidental in our first consciousness of the world, is the

beginning of knowledge. But little is gained unless the

universal, which we reach through the negation of the

particulars, is more than their mere negation ; unless it

is a law or principle by means of which we can explain

the particulars. Now the defect of early philosophy

was that its universal was " the one beyond the many,"
not the " one in the many,"—in other words, that it was
not a law or principle by which the particulars subsumed
under it could be explained, but simply the abstraction

of an element common to them. But the process of

knowledge is a process that involves both analysis and
synthesis, negation and reaffirmation of the particulars

with which we start. If we exaggerate the former aspect

of it, we enter upon the via negativa of the mystics, the

way of pure abstraction and negation, which would open
the mind to the ideal reality of things simply by shutting

it to all the perceptions of sensible phenomena. ' And, if we
follow out this method to its legitimate result, we must
treat the highest abstraction, the abstraction of Being, as if

it were the sum of all reality, and the Neo-Platonic ecstasy

io which all distinction, even the distinction of subject and
object, is lost as the only attitude of mind in which truth

can be apprehended.

In the philosophy of the Socratic school we find the first

attempt at a systematic as opposed to an abstract theory

—

the first attempt to bring together the one and the many,
and so to determine the former that it should throw light

upon the latter. Yet even in Plato the tendency to oppose

the ' universal to the particular is stronger than the

tendency to relate them to each other, and in some of iis

dialogues, as, e.g., in the Phxdo, we find a near approach

to that identificatioa of the process of knowledge with

abstraction which is the characteristic of mysticism.

Aristotle, therefore, had some ground for taking the Platonic

principle that " the real is the universal " in a sense which
excludes the reality of the individual. Yet, though he
detected P.'ato's error in opposing the universal to the

particular, and though, at the same time, he did not

entirely lose sight of the truth which Plato had exagger-

ated, that the particular is intelligible only through the

universal, Aristotle was not able to escape the influence

of that dualism which had marred the philosophy of his

predecessor. Hence the effect of his protest against a

philosophy of abstraction was partly neutralized by his

separation between the divine Being as pure form and
nature as the unity of form and matter, and again by his

separation of the pure reason which apprehends the

forms of things from the perceptions of sense which deal

with forms realized in matter. And after Aristotle's time

the tendency of philosophy was more and more to withdraw

from contact with experience. The Neo-Platonic philo-

sophy and tho Christian theology which was so strongly

16-6

influenced by it, contained, indeed, an idea of the iecon-
ciliation of God and nature, and hence of form and matter,

which -must ultimately be fatal to dualism, and therefore to

the method of mere abstraction. But the explicit meaning
of the philosophy of the Middle Ages was still dualistic,

and the mode in which the Aristotelian formulje were
wrought into the substance of Christian doctrine by the
scholastics tended more and more to conceal that idea of

the unity of opposites which was involved in Christianity.

Hence mediaeval realism presented, in its most one-sided

form, the doctrine that " the real is the universal," meaning
by the universal nothing more than the abstract. And, as

a natural consequence, the modern insurrection of the

scientific spirit against scholasticism. took its start from
an equally bald and one-sided assertion of the opposite

principle, that "the real is the individual," meaning by
thatthe individual of imniediate perception. If Platonism
had <dwelt too exclusively on one aspect of the process of

knowledge, viz., that it seeks to rise above the particular, the

sensible, the subjective, to the universal, the intelligible, the

objective, as if in the latter alone were reality to be found,

modern men of science learnt from their first nominalistic

teachers to regard the universal as nothing more than an
abbreviated expression for the particulars, and science itself

as a mere generalization of the facts of sensible perception.

But this \'iew of scientific knowledge, as a mere reaffirma-

tion of what is immediately given in sense, is as imperfect

as the opposite theory, which reduces it to the mere
negation of what is so given. An ideal world utterly

and entirely divorced from the phenomenal, and an ideal

world which is simply a repetition of the phenomenal,
are equally meaningless. The processes of science have
both a negative and a positive side ; they involve a nega-

tion of the particular as it is immediately presented in

sense, but only with a view to its being reaffirmed with a

new determination through the universal. The fact as it

is first presented to us is not the fact as it is ; for, though

it is from the fact as given that we rise to the knowledge

of the law, it is the law that first enables us to understand

what the fact really means. Our first consciousness of

things is thus, not an immovable foundation upon which

science may build, but rather a hypothetical and self-con-

tradictory starting-point of investigation, which become?

changed and transformed as we advance.

The nominalism of scientific men in modem times is due

to twe special causes, one of which has already been

mentioned. It is partly due to the traditions of a time

when medifeval realism was the great enemy of science.

The Baconian protest against the " anticipation of nature "

was a relative truth when it was urged against a class of

writers who supposed that true theories could be attained

without regard to facts ; the Baconian assertion of the

necessity of attending to axiomata media was the necessary

correction of the tendencies of mystics, who supposed that

philosophy could attain its end by grasping at once at

absolute unity, and contented themselves, therefore, with

a unity which did nothing to explain the difi'erences.

But, when the former was turned into the dogmotic

assertion that the mind is, or ought to be, passive in tne

process of knowledge, as having in itself no principle for the

explanation of things, and when the latter was turned int«

the dogmatic assertion that science can only proceed from

part to part and never from the whole to the parts, these

relative truths became a source of error. And this erroi

was confirmed and increased by the mistaken views of those

who first tried to correct it. For these, admitting that

scientific truth is entirely derived from external experience,

only ventured to assert the existence of a priori knowledge

alongside of, and in addition to, that which is a posteriori.

In other words, they sought in inner experience a ba'is for
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those bellels which outward experience seemed unable to

support. But this basis was soon found to be treacherous.

Introspection, observation of the inner life as opposed to

and distinguished from the outer life, could be only an

observation of the facts of the individual consciousness as

such; and to base religion and morality on such a founda-

tion was to treat God and right as subjective phenomena,

which do not necessarily correspond to any objective

reality. Nor was this conclusion really evaded by the

assertion of the self-evidencing necessity of such ideas and

beliefs, or of the principles upon which they are founded.

For this necessity, as a subjective phenomenon, might be

accounted for otherwise than by the supposition of their

objective validity. Such scepticism, further, was favoured

by the progress of science, which, as it advanced from

physics to biology and sociology, became more and more in-

consistent with the idea of an absolute breach between inner

and outer experience, and narrowed the sphere which had
been hitherto reserved for the former. Man, it was urged, is

but a part in a greater whole, not exempted from the law

of action and reaction which connects all parts of that

whole with each other. His individual life contains only

a few links in a chain of causation that goes back to a

beginning and onward to an end of which he knows
nothing. And, as Spinoza says, vis qua unaqiixque res in

exuUndo perseverat a causis exiernis infinite superatur.

Hence to treat ideas which are only states of the individual

consciousness as the explanation of the world, instead of

treating them as phenomena to be explained by its relation

to that world, seemed to be an absurdity. The particular

beliefs and tendencies of the mind were to be regarded,

not as ultimate facts in reference to which everything

is to be interpreted, but rather as facts which are

themselves to be referred to more general causes and
laws. It thus appeared that the attempt to divide truth

into an a posteriori and an a priori part, the latter of

which should find its evidence in an inner experience

as the former in an outer experience, is an illusive pro-

cess. ' If the a jyriori is reduced to the level of the a
posteriori, it becomes impossible to base on the a priori

any beliefs that go beyond the range of subjective

experience. If the self and the not-self 'are taken simply

as different finite things, which we can observe in turn,

their relations must be brought under the general laws of

the connexion of finite things with each other ; and the

phenomena of mind must be treated, like the phenomena
of matter, as facts to be accounted for according to these

laws.

^
" But this of itself indicates a way of escape both from

the introspective theory and from the empiricism to which
it is opposed. • For it suggests the question—What is the

socrce of those very laws which guide the procedure of

science in accounting for facts, psychological facts among
others? When a scientific psychologist of the modern
school attempts to show how by .habituation of the

individual and the race the necessity of thought expressed

in the law of causation was produced in the minds of the

present generation of men, it is obvious that his whole
investigation and argument presuppose the law whose
genesis he is accounting for. A glaring instance of such
circular reasoning is found- in the writings of the most
prominent representative of the school in the present day.

Mr Spencer begins by laying down as a first postulate of

science that necessity of thought must be taken as a

criterion of truth. It is by the continual aid of this

postulate that he constructs his system of nature, and
finaUy,-his psychological theory of the development of

ponsciousness in man. t Yet the main object of this

psychological theory seems to be to account for the very

necessities with which the author starts. Obviously such a

philosophy contains elements of which ' the^ author is

imperfectly conscious ; for it involves that mind is not

only the last product but the first presupposition -of

nature, or, in other words, that in mind nature returns

upon its first principle. But to admit this is at once to

lift the conscious being as such above the position which

he would hold as merely a finite part of a finite world. It

is to assert that nature has an essential relation to a con-

sciousness which is developed in man, and that in the

growth of this consciousness we have, not an evolutiop

which is the result of the action of nature as a system of

external causes upon him, but an evolution in which nature

is really " coming to itself," i.e., coming to self-conscious-

ness, in him.

Now it was Kant who first—though with a certain

limitation of aim—brought this idea of the relativity

of thought and being to the consciousness of the modem
world. In the Critique of Pure Reason, thought, indeed,

is not set up as an absolute prius, in relation to which all

existence must be conceived, but it is set up as the prius

of experience, and so of all existences which are objects of

our knowledge. Experience is for Kant essentially relative

to the conscious self ; it exists through the necessary

subsumption of the forms 4nd matter of sense under the

categories, as, on the other hand, the consciousness of self

is recognized as essentially dependent on this process. On
this view, the a priori and a posteriori factors of experience

do not really exist apart as two separate portions of

knowledge. If they are severed, each loses all its mean-

ing. Perceptions in themselves are void ; categories in

themselves are empty. We do not look outwards for one

kind of truth and inwards for another, ' nor do we even,

by an external process, bring facts given as contingent

under principles recognized as necessary ; but the a priori

is the condition under which alone the a posteriori exists

for us. Even if it is allowed that the facts of inner and

outer experience contain a contingent element or matter,

given under the conditions of time and space, yet neither

time nor space nor the facts of experience conditioned by

them exist for us except as elements of an experience

which is organized according to the categories.

This is the essential truth which Kant had to express.

It is marred in his statement of it by the persistent

influence of the abstract division between contingent

matter given from without and necessary principles

supplied from within, a division essentially inconsistent

with the attempt to show that the contingent matter i»

necessarily subsumed under these principles, and indeed

exists for us only as it is so subsumed. But Kant himself

puts into our hands the means of correcting his own
inadequacy, when he reduces the inaccessible thing in itself,

which he at first speaks of as affecting our sensibility and

so giving rise to the contingent matter of experience, to a

noumenon {voovfi-evov) which is projected by reason itself.

The Dialectic exhibits the idea of thought as not only

constituting finite experience but also reaching beyond it,

though as yet only in a negative way. The mind is, on

this view, so far unlimited that it knows its own limits ; it

is conscious of the defects of its experience, of the con-

tingency of its sensible matter, and the emptiness and

finitude of its categories ; and by reason of this conscious-

ness it is always seeking in experience an ideal which it is

impossible to realize there. Thought measures experience

by its own nature, and finds it wanting. It demands

a kind of unity or identity in its objects which it is unable

to, find in the actual objects of experience.' It is this

demand of reason which Efts man above a mere animal

existence, and forces him by aid of the categories to

determine the matter of sense as a world of objects
;
yet, as

this finite world of experience can never satisfy the demand
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of reason, the consciousness of it is immediately com-
bined witli the consciousness of its limited and phenomenal
character. 'The student of the Criliqxie of Pure Reason
oannot but recpgnize the strange balance between the real

and the phenomenal in which it ends, allowing to man the

consciousness of each so'far as to enable him to see the

defects of the other,—so that by aid of the pure identity of

reason he can criticize and condemn the " blindness " or

unresolved difference of experience, and by means of the

eDncretemess and complexity of experience he can condemn
rtie " empty " identity of reason.

In order, however, to understand the full bearing of

Kant's criticism of knowledge, and at the same time to find

the meeting-point of the opposite currents of thought which

alternately prevail in it, it will be necessary to consider

the subject a little more closely. The lesson of the Critique

may be gathered up into two points. In the first place,

it is a refutation of the ordinary view of experience as

something immediately given for thought and not con-

stituted by it. In the second place, it is a demonstration

of the merely phenomenal character of the objects of

experience, i.e., the demonstration that the objects ol

experience, even as determined by science, are not things

in themselves. Both these results require to be kept

clearly in view if we would understand the movement of

thought excited by Kant. On the one hand Kant had to

teach that what is ordinarily regarded as real, the world

of experience, is transcendently ideal, i.e., is determined as

real by a priori forms of thought. On the other hand he

had to teach that the world so determined is empirically

and not transcendentally real, i.e., its reality is merely

phenomenal. With the former lesson he met the man of

science, and compelled him to renounce his materialistic

explanation of the world as a thing which exists in

independence of the mind that knows it. The world we
know is a world which exists only as it exists for us, for

the thinking subject; hence the thinking subject, the ego,

cannot be taken as an object like other objects, an object

the phenomena of which are to be explained like other

phenomena by their place in the connexion of experience.

Having, however, thus repelled scientific materialism by
the proof that the reality of experience is ideal, Kant
refuses to proceed to the complete identification of reahty

with ideality, and meets the claims of the metaphysician

with the assertion that the reality of experience is merely

phenomenal. Hence he rejects any idealism that would
involve the negation of things in themselves beyond

phenomena, or the identification of the objects of experience

With these things. The reality we know is a reality which
exists only for us as conscious subjects, but this, though

it is the only reality we can know, is not the absolute

reality.'

It is, however, to be observed that the nature of this

opposition between phenomena and things in themselves

seems to change as we advance from the Analytic, where
the existence of such things is presupposed, to the Dialectic,

where the grounds of that presupposition are examined.
Ikt first the opposition seems to be between what is present

So consciousness and what is absolutely beyond conscious-

ness. The matter of experience is regarded as given exter-

nally in the affections of the sensible subject,—affections

caused by an unknown thing in itself, of which, however,
fliey can tell us nothing. On the other hand the form of

experience, the categories and principles of judgment which
forn these affections into objects of knowledge, are not pure

expressions of the real nature, the pure identity, of the

•ubgect in itself, but only products of the identity of the

self in relation to the sensibility and its forms of time

and space. Hence, on both sides we must regard expe-

rience as merely phenomenal, alike in relation to the

noumenal object and in relation to the noumenal subject,"

which lurk behind the veil and send forth into expe-

rience on the one side affections which become objects

through their determination by the unity of thought, and
on the other side an identity of thought which bec6fiies

self-conscious in relation to the objects so determined bj
itself.

Kant, however, having thus answered the question of

the possibility of experience by reference to two things in

themselves which are out of experience, is obliged to ask

himself how the consciousness of these two things in

themselves, and the criticism of experience in relation to

them, is possible. And herej obviously, the opposition

can no longer be conceived as an opposition between that

which is and that which is not in consciousness. For the

things in themselves must be present to consciousness in

some fashion in order that they may be contrasted with the

phenomena. If, therefore, phenomena are now regarded

as unreal, it must be because we have an idea of reality to

which the reality of experience does not fully correspond-.

In the Analytic Kant had beenispeaking as if the real con-

sisted in something which is not present to the conscious

subject at all, though we, by analysis of his experience,

can refer to it as the cause of that which is so present.

Now in the Dialectic he has to account for the fact that

the conscious subject himself is able to transcend his

experience, and to contrast the objects of it as phenomenal
with things in themselves.

Now it is obvious that such an- opposition is possible only

so far as the thought, which constitutes experience, is at

the same time conscious of itself in opposition to the

experience it constitutes. The reason why experience is

condemned as phenomenal is, therefore, not because it is

that which exists for thought as opposed to that wLieh
does not exist for thought, but because it imperfectly

corresponds to the determination of thought in itself. In
other words, it is condemned as unreal, not because it is

ideal, but because it is imperfectly ideal. And the absolute

reality is represented, not as that which exists without

relation to thought, but as that which is identical with the

thought for which it is. In the Dialectic, therefore,

the noumenon is substituted fbr the thing in itself, and
the noumenon is, as Kant tells us, the object as it exists

for an intuitive or perceptive understanding, i.e., an under-

standing which does not synthetically combine the given

matter of sense into objects by means of categories, but

whose thought is one with the existence of the objects it

knows. It is the idea of such a pure identity of knowing
and being, as suggested by thought itself, which leads us

to regard our actual empirical knowledge as imperfect, and

its objects as not, in an absolute sense, real objects. The
noumena are not, therefore, the unknown causes by whose

action and reaction conscious experience is produced ; they

represent a unity of thought with itself to which it finds

experience inadequate. This higher unity of thought with

itself is what Kant calls reason, and he identifies it with

the faculty of syllogizing. Further, he finds in the three

forms of syllogism a guiding thread which brings him to

the recognition of three forms in which the pure unity of

reason presents itself to us in opposition to the merely

synthetic unity of experience, a psychological, a cosmo-

logical, and a theological form. In each of these cases

the empirical process of knowledge is accompanied, guided,

and stimulated by an idea which nevertheless it is unable

to realize or verify. In fysychology we have ever present

to us an idea of the identity of the self, which is never

realized in our actual self-consciousness, because the self

of which we are conscious is manifold ii^ its states and

because it stands in relation to an external world. The
idea of simple identity is, therefore, something we may set
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before us as the goal of an ideal psychology, to which we
may approximate in so far as we can trace unity of faculty

through all the differences of mental phenomena, but to

which we can never attain owing to the nature of the matter

with which we deal. Again, in our scientific attempts to

explain our external experience, the unity of reason takes

the form of an idea of the world as a completed infinite

whole, which contains ail the objects known to us and all

other possible objects ; but this cannot be realized in

an experience whict is conditioned by space and time,

and is, therefore, ever incomplete. The idea of totality

is, therefore, an ideal, which guides and stimulates our

scientific progress, without which such a thing as science

could not exist, but which at the same time can never be

realized by science. Lastly, the ^unity of reason takes a

third form in which identity and Totality are combined,

—

as the idea of a unity in which all differences, even the

difference of subject and object, are transcended,—the idea

of a unity of all things with each other and with the mind
that knows them. This idea also is one which science can

neither surrender nor realize. It cannot surrender it

without giving up that striving after unity without which
science would not exist ; and it cannot realize it, for the

difference between the world, as it is presented to us in

actual e.xperience, and the subjective determination of

our thinking consciousness cannot be overcome. We can,

indeed, use the idea that the world is an organic whole,

determined in relation to an end which consciousness sets

for itself, as an heuristic principle to guide us in following

the connexion of things with each other ; but, as we cannot

by means of any such idea anticipate what the facts of

external experience will be, so we cannot prove that for a

mind other than ours the unity of things which we repre-

sent in this way might, not take a quite different aspect.

Indeed we have reason to think it would ; for, while we
always think of -a designing mind as using materials which

have an existence and nature independent of the purposes

to which they are put, the absolute mind must be conceived

as creating the materials themselves by the same act

whereby they are determined to an end. We must con-

ceive it, in short, as an intuitive understanding for which

end and means, objective and subjective, are one, or, in

other words, as an intelligence whose consciousness of

itself is or contains the existence of all that is object

for it.

This new view of the things in themselves as noumena
or ideals of reason involves a new attitude of thought

towards them different from that dogmatic attitude which

is provisionally adopted in the Analytic. Accordingly, we
now find Kant speaking of them, not as things which exist

independently of their being conceived, but as "prob-

lematical conceptions " of which we cannot even determine

whether they correspond to any objects at all. They are
" limitative " notions which have a negative value, in so far

as they keep open a vacant space beyond experience, but

do not enable us to fill that space with any positive realities.

They are like dark lanterns which cast light upon the

empirical world, and show what are its boundaries, but

leave their own nature in obscurity. All that we can say

of the noumenal self or subject is that it corresponds to the

unity implied in all knowledge, but whether there is such

a self, independent of the process of empirical synthesis

and the self-consciousness which accompanies that process,

we cannot tell. All that we can say of the noumenal reality

0^ the objective world is that it corresponds to the idea

of the objects of experience as a completed whole in them-
selves apart from the process whereby we know them, but
whether there is any such real world independent of the

process of experience it is impossible to say. Lastly, all

that we can say of God is that He corresponds to the idea

of the unity of all things with the mind that knows them,—

-

an ideal which is involved in all knowledge,— but whetb r

the realization of this idea in an intuitive understandiiiq

is even possible we have no means of determining, how-
ever we may suspect that understanding and sensibility are
" branches springing from the same unknown root." The
Criticism of Pure Reason ends, therefore, in a kind of

seesaw between two forms of consciousness—a thinking
consciousness, which transcends experience and sets before

us an idea of absolute reality, but which cannot attain

to any knowledge or even certitude of any object

corresponding to this idea, and an empirical conscious-

ness, which gives us true knowledge of its objects, but
whose objects are determined as merely phenomenal and
not absolutely real.

The equipoise thus maintained between the empirical

and the intelligible world is, however, in the Critique of

Practical Beason, overbalanced in favour of the latter.

WTiat the theoretical reason could not do " in that it was
weak through the flesh," through its dependence on the

very empirical consciousness which it sought to transcend,

is possible to the practical reason, because it is primarily

determined by itself. In our moral consciousness we find

ourselves under a law which calls upon us to act as beings

who are absolutely self-determined or free, and which,

therefore, assures us that our intelligible self is our real self,

and conclusively determines our empirical self in contrast

with it as phenomenal. Thus the moral law gives reality

to the intelligible world ; or, as Kant expresses it, " the

idea of an intelligible world is a point of view beyond the

phenomenal which the reason sees itself compelled to take

up, in order to think of itself as practical." In other

words, the moral law presupposes freedom or determination

in the rational being as such, and makes him regard him-

self, not merely as a link in the -chain of conditioned

existences in time and space, but as the original source

of his own life. The blank space beyond the phenomenal
thus begins to be filled up by the idea of a free causality

which again postulates a world adequate and conform-

able to itself. And the man who, as an empiric individu-

ality, is obliged to regard himself merely as an individual

being determined by other individual beings and things

is authorized as a moral being to treat this apparent

necessity as having its reality in freedom, and to look upon
himself as the denizen of a spiritual world where nothing

is determined for him from without which is not simply

the expi^ssion of his own self-determination from within.

"Thus we have found, what Aristotle could not find, a

fixed point on which reason can set its lever, not in any

present or future world, but in its own inner idea of

freedom,—a point fixed for it by the immovable moral

law, as a secure basis from which it can move the human
will, even against the opposition of all the powers of

nature." ^ Starting from this idea of freedom, therefore,

Kant proceeds to reconstruct for faith the unseen world,

which in the Critique of Pure Reason he had denied as an

object of knoxoledge. Nor is he content to leave the

two worlds in sharp antithesis to each*other, but even in

the Critique of Practical Reason, and still more in the

Critiqtie of Judgment, he brings them into relation to each

other, and so gives to theoretical reason a kind of

authority to use for the explanation of the phenomenal

world those ideas which of itself it might be inclined to

regard as illusive.

In all this, however, it is difficult to avoid seeiiig a

partial retractation of Kant's first viewas to the irreconcilable

opposition of the phenomenal and the noumenal. For, in

the first place, the moral imperative is addressed to a self

' Kant, i. CSS (Rosenkranz's edition).
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which is at one and the same time regarded in both
characters, and which is called upon to subsume under the

moral law acts which otherwise derive their character and
meaning from the relations of the phenomenal world. That
the particular nature of men as phenomenal individuals

can be the means of realizing the universal law of reason is

implied in all Kant's statements of the latter, and particu-

larly in his conception of men as constituting together a
" kingdom of ends "; for it is difficult to conceive this

kingdom otherwise than as an organic unity of society, in

which each individual, by reason of his special tendencies

and capacities, has a definite office to fulfil in realizing

the universal principle that binds all the members of the

kingdom to each other. The summum bonum, again, is

said to consist in the union of happiness with goodness,

i.e., of the empirical conditions of man's individual life as

a sensible subject with the pure self-determination of the

intelligible self ; and God is postulated as a Deies ex

machina to bind together these two unrelated elements,

—

a conception which shows the difficulty into which Kant
has brought himself by defining them as unrelated. Still

more obvious is the effort of Kant to get beyond the

dualism of his first view of things in the Critique of
Judgment. For in that work he maintains that the con-

sciousness of the beautiful and the sublime is or involves

a harmony of the understanding or the reason with sense

;

and, what is btill more important, he points out that the

idea of organic unity, without which we cannot explain the

phenomena of life, contains in it a possibility of the recon-

ciliation of freedom and necessity, of the intelligible and the

phenomenal. This idea, he argues, we are authorized by
our moral consciousness to apply to the whole coiirse of the

things in the phenomenal world, and so to regard it as a
process to realize the moral ideal. No doubt he again

partially retracts this view when he declares that we must
treat the idea of final causality as merely a subjective

principle of judgment, which, even in the, case of linng
beings, is to be regarded only as necessary for us as finite

intelligences. But such saving clauses, in which Kant
recurs to the dualism with which he started, cannot hide

from us how near he has come to the renunciation of it.

When we regard Kant in this way as asserting from one
point of view an absolute limit which from another point

of view he permits us to transcend, it becomes obvious

that his philosophy is in an unstable equilibrium, which
cannot but be disturbed by any one who attempts to

develop or even to restate his ideas. Hence we need not

wonder that those who take in earnest his denunciations

of any attempt to transcend experience generally,—like

Professor Huxley,—reject as worthless all Kant's later work

;

and that, on the other side, those who take in earnest his

ideas of freedom, of organic unity, of an intuitive under-

standing, and of a summum bonum in which freedom and
necessity meet together, are compelled to break through

the arbitrary line which he drew between knowledge
and belief. In favour of the former course it is easy in

many places to appeal to the letter of Kant. In favour of

the latter it need only be pointed out that, in Kant's view,

all experience rests upon, or is in its development guided

by, those ideas which yet he will not permit us to treat as

sources of knowledge. Hence the principles of the Critique

cannot legitimately be used against metaphysic, except

by those who are prepared to admit the ideas of reason, up
to the point to which he admits them, as ideas that limit

and direct our experience,—while rejecting all use of them
to cast light upon that which is beyond experience. In

other wordsi they must maintain the possibility of a purely

negative knowledge, of the knowledge of a limit by one

who yet cannot go beyond it. They must show how we
can have an ideal of knowledge which enables us to criticize

experience without-enabling us to transform it ; they must
show how ideas of the supersensible can so far be present
to our thought as to make visible the boundaries of the
prison of sense in which we are confined, without in any
way enabling us to escape from it.

fc this possible? We may gather up the Kantian
antithesis in the assertion that experience is the imperfect
realization of an ideal of knowledge, derived from reason,
with materials, derived from sense and understanding, the
nature of which is such that they can never be brought
into correspondence with the ideal. But this ideal, in all its

three forms, as we have seen, is simply the idea of a pure
unity or identity in which all differences are lost er
dissolved—whether they be the differences of the inner or

of the outer life, or finally the difference of inner and
outer, subjective and objective, from each other. Kant's
view therefore is, in effect, this, that thought carries
with it the consciousness of an identity or unity, to which
our actual experience in none of its forms fully corresponds.

On the other hand, Kant does not hesitate equally to con-
demn the identity of thought as " empty " and subjective,

because it does not contain in itself nor can evolve from
itself the complex matter of experience. But this

alternate condemnation of experience as unreal from the
point of view of the ideas, and of the ideas as unreal from
the point of view of experience, seems to show that both, are

unreal, as being abstract elements, which have no value save

in their relation to each other, and which lose all their mean-
ing when separated from the unity to which they belong.

According to this view, ideas and experience, noumena
and phenomena, if they are opposed, are also necessarily

related to each other. If our empirical consciousness of

the world of objects in space and time, as determined by
the categories, does not correspond to the unity or identity

of thought which is our ideal of knowledge, yet that idea

of Unity or identity is set up by thought in relation to

experience, and cannot, therefore, be essentially irrecon-

cilable with it. The two terms may be opposed, but their

opposition cannot be absolute, seeing that they are in

essential relation to each other. It is a great logical error

not to discern that a negative relation is still a relation,

i.e., that it has a positive unity beyond it. This positive

unity may not, indeed, be consciously present to us in

our immediate apprehension of the relation in question,

but it is necessarily implied in it. Now it is just because,

in his separation of noumena and phenomena, Kant omits

to note their essential relativity that he is forced to regard

the former as a set of abstract identities of which nothing

can be known, and the latter as the imperfect products of

a synthesis which can never be completed or brought to a

true unity. Yet the value of his whole treatment of the

ideas of reason in relation to our intellectual and moral

experience arises from the fact that in practice he does

not hold to this abstract separation of the two elements.

Ideas absolutely incommensurable with experience could

neither stimulate nor guide our empirical synthesis ; they

could not even be brought into any connexion with it.

When, therefore, Kant brings them into this connexion, he

necessarily alters their meaning. Hence the pure abstract

identity which excludes all difference is changed, in its

application, into the idea of an organic unity, of which the

highest type is found in self-consciousness, with its trans-

parent difference of the subjective and objeotive self. It

would be absurd and meaningless to say that science seeks to

reduce experience to an abstract identity, in which there is

no difference, unless for this were tacitly substituted what

is really an entirely different proposition, that science seeks

to find in the infinitely diversified world of space and time

that unity in difference of which self- consciousness has in

itself the pattern. It is In reference to the former Wind



86 METAPHYSIC
of identity—the abstract oneness of formal logic—that

Kant proves that it is impossible for experience to be

made adequate to ideas. But it is only of the latter kind

of identity—the oneness of self-consciousness—that it can

be said that it furnishes a guiding principle to scientific

investigation or an ideal of knowledge. The same con-

fasion is btill more evident in Kant's account of our moral

experience, in dealing with which ho directly attempts to

get sjTithetic propositions out of the pure identity of

reason, in other words, to draw definite moral laws out

of the logical principle of non-contradiction. ViTiatever

success he° attains is gained by substituting for the formal

principle of sel/consule/u-y the positive idea of consistency

mith the self, and again by conceiving this self as a concrete

individual, the member of a society, and so standing in

essential relation to other selves. The pure abstraction

from all the external results of action and from all motives

of desire, which at the beginning of the Mdaphysic of

Ethics Kant declares to bo essential to morality, is modified

end indeed transformed, as we go.on, by the admissions

that other rational beings are not external to us in any

sense that excludes their good from being an end of our

endeavour, and that the desires are not irrational and

immoral except in so far as they are directed to the

pleasures of the sensuous individual (which in a conscious

being they never entirely are). Both in the speculative

and in the practical sphere, therefore, the absolute opposi-

tion of the ideal or noumenal to the empirical disappears,

as soon as Kant attempts to apply it. For in both the

abstract identity of formal logic, which is really the

meaning of the noumenon as absolutely opposed to and

incommensurable with experience, gives way to the unity

of self-consciousness,—a unity which is so far from being

absolutely opposed to the difference of the empirical

consciousness that it necessarily implies it. For self-

consciousness presupposes the consciousness of objects

;

though it is opposed to that consciousness, it is essentially

correlated with it, and therefore its opposition cannot be

regarded as absolute, or incapable of being transcended.

These considerations may throw some light on the

relation of the Analytic and Dialectic of Kant, and on the

nature of the opposition .of noumenon and phenomenon
as it is presented in the latter. In the deduction of the

categories, Kant pointed out the essential relation of the

objective world of experience to what he called the
" transcendental unity of apperception "; i.e., he pointed

out that tlie unity of consciousness is implied in all its

objects. This unity, he further showed, must be conceived

as " capable of self-consciousness "; but it actually becomes
conscious of self only in relation, though also in opposi-

tion, to the other objects determined by it. Now it is this

consciousness of itself in opposition to other objects which
is the source of Kant's " ideas of reason," of the dissatisfac-

tion of the mind with its empirical knowledge, even in its

scientific form, and of the demand for a higher kind of know-
ledge to which experience is not adequate. That a standard
is set up for experience by which it is condemned is simply

a result of the further development of that unity which is

implied in experience—a result of the progress of thought
from consciousness to self-consciousness, and of the contrast

between the former and the latter. The problem" with
which Kant's Dialectic attempts to deal, and which it treats

as insoluble, is, therefore, simply the problem of raising con-

tcioumess to tlieform of self-consciousness ; in other words, of

attaining to a knowledge of the world of experience as not
merely a " synthetic,"and therefore imperfect, unity of things
external to each other, but as an organic unity of transparent
differences, a self-differentiating, self-integrating unity, such
as seems to be presented to us in pure self-consciousnee.?.

Nor can this problem be regarded as insoluble; for the

unity of self-consciousness is identical with the unity of

consciousness ; it is only that unity become self-conscious.

Hence the point of view at which consciousness and self-

consciousness seem to be absolutely opposed to each other,

—

the highest point of view which Kant distinctly reaches,

—

can be regarded only as a stage of transition from the point

at which their relative difference and opposition is not y«t

developed to the point at which they are seen to be the

factors or elements of a still higher unity.

The later philosophy of Germany, from Kant to Hegel,

is little more than the development of the idea just stated

in its twofold aspect. In the first place, it is an attempt

to show what is involved in the idea of thought or self-

consciousness as in itself an organic whole, a many-in-one,

a unity which expresses itself in difference, yet so that the

difference remains transparent, and therefore is immediately

recognized as expression of the unity. In the second

place, it is an attempt to bridge over the difference between

thought or self-consciousness and the external world of

experience, and to show that this opposition also is

subordinated to a higher unity. Or, to put it more directly,

the idealistic philosophy of Germany seeks, on the one

hand, to develop a logic or metaphysic which bases itself,

not, like formal logic, on the idea of bare identity, but on

the idea of self-consciousness; and, on the other hand, to

show, in a philosophy of nature and spirit, how, by means
of this logic, the opposition of thought to its object, or

of the a priori to the a posteriori in knowledge, may be

transcended. In the third and fourth sections of this

article something more will be said of the manner in

which this task was fulfilled. Here only a few words are

necessary to sum up the results reached, and to give more
distinctness to the new ideal of knowledge which those

results suggest; We have seen that Kant's critical attitude

involved two things,—on the one hand, the assertion that

the existence we know is necessarily existence for thought,

and, on the other hand, the denial that that which exists

for our thought is absolute reality, a denial which again

involves the presence to our thought of an ideal of know-
ledge, by which our actual knowledge is condemned.
This ideal, however, was falsely conceived by Kant as an
identity without any difference, and, in this sense, he does

not hesitate to apply it even to self-consciousness itself.

For, in a remarkable passage,^ he attempts to prove that

the consciousness of self is not a knowledge of the self, by
a simple reference to the duality of the self knowing and
the self known, arguing that the ego " stands in its own
way," just because it exists only /or itself, i.e., because in

knowing itself it presupposes itself. Kant evidently thinks

that to know the real self it would be neCessary to apprehend
it in simple identity as purely an object without reference

to a subject, or purely a subject without reference to an
object. Yet to this it seems sufficient to answer that such

an object or subject would lose its character as object or

subject and become equivalent to mere being in general,

and that, as such being is a mere abstraction, to know it

cannot be the ideal of knowledge. If therefore there be a

unity or identity of thought which is not realized in ex-

perience, and ip reference to which we can regard experience

as an imperfect form of knowledge, it cannot be found in

this abstract identity of being. In truth, as we have seen, i%

is found in that very idea of self-consciousness which Kanf
is criticizing. Just because we are self-conscious, and there^

fore oppose the unity of the conscious self to the manifold-'

ness of the world in space and time, do we seek in the
world of space and time for a transparent unity which we
cannot at first find there. But, when thifj is seen, we. find

in Kant himself the partial solution of the difficulty

' Krililc, p. 279 (Rosenkranz's edition), c/. Hegel, v. p. 268.
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Sell-consciou3nes3 presuppoFes consciousness ; for, while tlio

apprehension of objects in consoouiness is possible only

in relation to the unity of the seif, yet it is only in

relation to and distinction from these objects that we arc

conscious of that unit}'. Hence the two opposites, self

and not-self, are bound together, and prcaupposo a unity

which reveals itself in their opposition, and which, when
made explicit, must reconcile them. If, therefore, self-

consciousness, in its first opposition to consciousness, gives

rise to an ideal of knowledge to which our empirical

knowledge of objects is inadequate, this arises from the

fact that not only empirical knowledge but also the ideal

to which it is opposed is imperfect, or that they both

point to a unity which is manifested in their difference,

and which is capable of containing and resolving it. In

other words, the opposition of science to its ideal, which

Kant has stated in his Antinomies, is not an absolute

opposition, but one the origin and end of which can be

seen.

This opposition reaches its highest point in tlie con-

trast between the transparent unity of self-consciousness,

in which the difference of knower and known is evanescent,

and the essential manifoldness and self-externality of the

world in space, in which the differences seem to be insoluble.

We must, indeed, think of self-consciousness as having life

in itself and therefore as differentiating itself from itself;

but this differentiation is held within the limit of its unity,

it is a separation of movements which are separated only as

they are united.'' On the other hand, the world in space

presents itself as the sphere of external determination, in

which things are primarily disunited and acC only^as they

are acted on. frpip ^without,' and in which this external

influence never 'goes so far as to destroy their reciprocal

externality. ' In this sense it is that the opposition of mind
acd matter was taken by Descartes, and it is a survival of

the same mode of thought that leads many even now to

draw absolute lines of division between .a /i?-iO)-i . and a
posteriori, between ideas and facts,' between .spiritual and
natural. .Kant^and' Fichte give a new. aspect, to the

diSIoulty by- showing that'^the difficulty is one of recon-

ciling, consciousness' and , self-consciousness, and that in

consciousness there is already present .jtlie unity which is

manifested in self-consciousness, as, on the 'other hand, it

is only through consciousness and in opposition to 'it that

self-consciousness is possible.' And Fichte made a further

step when he attempted to show that the categories and the

forms of perception, time and space, which Kant had taken
as inexplicable facts, are implied in this contrast of con-

sciousness and self-consciousness. The error that clings to

Fichte's speculations is, however, that he treats conscious-

ness merely as a necessary illusion which exists simply
with a view to self-consciousness, and hence is led to regard
self-consciousness itself—because it is essentially related

to this necessary illusion—as a schema or image of an
unknowable absolute. In fact, in the end Fichte falls

back upon the abstract identity in which Kant had found
his noumenon, and so ends his philosophy with mysticism.

Even Schelling, though he saw that the absolute unity
must be, one that transcends the difference of self and not-

self, did not finally escape the tendency to merge all

difference in absolute oneness. On the other hand, it was
the endeavour of 'Hegel to proceed in the opposite way,

—

not' to lose self-consciousness or subjectivity in a mere
anity of suTistance, but rather to show that the absolute
substance can bo truly defined only e.s a self-conscious

sttxbject. And just because he did this he was prepared
to take a further step, and to regard the external world,

not^as Fichte regarded it, as merely the opposite of spirit,

nor as Schelling regarded it, as merely the repetition and
co-equal of spirit, but rather as its necessary manifestation

or as that in and through which alone it can realize itself.

His doctrine therefore might be summed up in two proposi-

tions,—first, that the absolute substance is spiritual or self-

conscious, and, secondly, that the absolute subject or spirit

can be conceived as realizing itself only through that very
world of e.xternality which at first appears as its opposite.

In both respects Hegel's philosophy reverses the via nega-

tioa of mysticism, and teaches that it is only through the

exhaustion of difference that the unity of science, of which
the mind contains in itself the certitude, is to be realized.

For mind or spirit, viewed in itself, is conceived as a self-

differentiating unity, a unity which exists only through
opposition of itself to itself. And it is but a necessary

result of such a conception that spirit can fully realize its

unity only through a world which in the first instance

must present itself as the extreme opposite of' spirit.

Hence the, process of thought in itself, which is exhibited

in the logic, ends in the opposition to thought of a world
which is its negative counterpart. And the "absolute
spirit '' of Hegel is thus, not pure self-consciousness, but
that more concrete unity of self-consciousness with itself

wliich it attains through and by means of this world.

The effect of this view upon the relation of metaphj"sic to

"science, which we^are at present considering, is noticeable.

It does not, as is often supposed, supersede science by an
a priori construction of the universe, nor does it leave the

results of science unchanged and simply provide for it a

deeper foundation. The latter was the point at which

Kant and Fichte stopped; for,* while they . showed the

relativity of experience to the principle of self-consciousness;

they conceived that the function of metaphysic is completed

I

inT showing the phenomenal character of the objects of

I

science, and in reserving a free space beyond the phe-

nomenal world for " God, freedom, and immortality.'^

Schelling, on the other hand, as he did not adopt this

merely negative view of the relation of spirit to nature or

of a priwi to empirical truth, was obliged to reinterpret

the latter by the former. •' As, however, he did not recog-

nize any distinctions which were not merely quantitative,

he was led to apply the same easy key to every lock, and

to think that he had explained all the different forms of

existence, organic and inorganic, when he had merely

pointed out a certain analogy between them.''; The meta^

physic of Hegel, whatever may be said of the actual

philosophy of nature produced by its author, contains no

necessity for any such arbitrary procedure. In his Loffic,

indec«l, he attempts to give us in ahstrado the movement

of thought in itself, from its simplest determination of

being as'qualitative or quantitative, through the reflective

categories of substance and cause, up to its full conseious-

ness'of itself in its organic unity. i And in so 'doing he of

course gives as an account of the various categories which

science uses in the interpretation of nature. He further

attempts to show that the highest categories of science are

in themselves imperfect and self-contradictory,—in other

words, that they mark a stage of thought which falls

short of that unity of being and knomng after which

science is striving, and which is the presupposition as

well as the goal of all intelligence. But, while he does

this, he clearly acknowledges two things,—on the one

hand that nature is essentially different from pure self-t

consciousness, and that therefore logic can never by

direct evolution of its categories anticii>ate the investiga-'

tions of science, and, in the second place, that the final

interpretation of nature through tht- highest categorie*

presupposes its interpretation by the lower categories, and

cannot be directly achieved without it. In other word§^

I This subject—the progress of thought from lower to higher ca^
BOries and methods—wUI be more fully discussed in the third sectioSr
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ecience must first determine tbe laws ot nature according

to the principles of causality and reciprocity, ero phiJosopliy

can be in a position to discover the ultimate meaning of

nature by the aid of higher principles. "The philosophy

of nature," says Hegel, "takes up the material which

physical science by direct dealing with experience has

prepared for it at the point to which science has brought

it, and again transforms this formed material without

going back to experience to verify it. Science must,
j

therefore, work into the hands of philosophy, in order that
^

philosophy in its turn may translate the lower universality ,

of the understanding realized by science into the higher

universality. of reason, and may show how in the light of

this higher universality the intelligible world takes the

aspect of a whole which has its necessity in itself. The

philosophic way of looking at things is not a capricious

attempt, once in a way for a change, to walk upon one's

head after one has got tired of walking upon one's feet, or

to transform one's work-a-day face by painting it over

;

but, just because the scientific manner of knowing does not

satisfy the whole demand of intelligence, philosophy must

supplement it by another manner of knowing." ^

The result then may be briefly expressed thus. Kant

and his successors showed the relativity of the object of

knowledge to the knowing mind. He thus pointed out

that the ordinary consciousness, and even science, are

abstract and imperfect modes of knowing, in so far as in

their determination of objects they take no account of a

factor which is always present, to wit, the knowing subject.

For iheir purposes, indeed, this abstraction is justifiable

and necessary, for by it they are enabled within their pre-

scribed limits to give a more complete view of these objects

in their relation to each other than if the attempt had

been made to regard them also in relation to the kno-wing

subject. At the same time the scientific result so arrived

at is imperfect and incomplete, and it has to be recon-

sidered in the light of a philosophy which retracts this

provisional abstraction. For it must be remembered that

the fact that science looks at things only in their relation

to each other, and not to the kno^ving mind, narrows the

points of view or categories under which it is able to

regard thera, or, in other words, limits the questions which

the mind is able to put to nature. Just because science

does not treat its objects as essentially i elated toth« mind,

it is unable to rise to what Hegel calls the point of view

of reason, or of the "notion"; i.e., it is obliged to treat

objects and their relations merely under a sot of categories,

the highest of which are those of causality and r.eciprocity,

and it is incapable of attaining to the conception of their

organic unity. In other words, it is able to reach only a

synthetic unity of given differences, and it cannot discover a

principle of unity out of which the differences spring and

to which they return. Now philosophy goes beyond science

just because, along with the idea of the relativity of things

to the mind, it brings in the conception of such a unity.

Its highest aim is, therefore, not merely, as Kant still

held, to secure a place for the supersensible beyond the

region of experience, but to reinterpret experience, in the

light of a unity which is presupposed in it, but which

cannot be made conscious or explicit until the relation of

experience to the thinking self is seen,—the unity of all

things with each other and with the mind that knows them.

2. Relation of Metaphysic to Psychology.—It has already

been shown that the doctrine that the thinking subject is

presupposed in all objects of knowledge—or, in other

words, that existence means existence for a conscious self

—is not to be taken in a psychological sense. The idea

that all science is based on psychology, and that, therefore,

' Heprel. vii. p. 18.

metaphysic and psychology are identical, cannot be retained

by any one who has entered into the full meaning of the

Kantian criticism. It is, however, so natural a misinter-

pretation of it, and it is so much favoured by the letter of

the very book in which it was first decisively refuted,

that it wiU be useful to point out more directly the fallacy

involved in it, especially as this will place us in a better

position to determine the true relation of the two parts of

philosophy thus confounded.

The misunderstanding first took a definite form in the

introduction to Locke's Essay, in which he proposes to

provide against any undue application of the intellectual

powers of man to problems which are too high for them,

by first examining and measuring the powers themselves.

Stated in this n'ay, it is obvious that the proposal

involves an absurdity , for we have nothing to measure

with, except the very powers that are to be measured. To
see round our knowledge and find its boundary, we must

stand outside of it, and where is such a standing ground to

be found? We cannot by knowing prescribe limits to

knowledge, or, if we seem to be able to do so, it can only

be because we compare our actual knowledge with some

idea of knowledge which we presuppose. In this way the

ancient sceptics—and modern ^vTiters like Sir W. Hamilton

and Mr Spencer who have followed them—turned the

duality involved in the idea of knowledge against its unity,

and argued that, because we cannot know the object

except as different from and related to the subject, we
cannot know it as it is in itself. Obviously in this

argument it is involvied that in true or absolute knowledge

the object must not be distinguished at all from the subject,

—to which the easy answer is that without such distinc-

tion knowledge wpuld be impossible. The sceptic argu-

ment, therefore, lands us in the unhappy case pictured

in the German proverb :
" If water chokes us, what shall

we drink?" The objeet cannot be known if it is

distinguished from the subject, and it cannot be known if

it is not distingiiished from the subject. Obviously the

one objection is as good as the other, and both combined

only show that the idea of knowledge involves distinction

as well as unity, and uruty as well as distinction. The
sceptic insists on one of these characteristics to the exclusion

of the other, and condemns our actual knowledge because

it contains both. In Kant there is undoubtedly some trace

of the same fallacy, in so far as the idea by contrast with

which he condemns the objects of experience as pheno-

menal is the idea of an abstract identity without any
difference ; but we have seen that with him this abstract

identity is on the point of passing into an altogether

different idea—the idea of self-consciousness as the type of

knowledge.'

It appears, then, ttat the idea of measuring our powers
before we employ them rests on a paralogism ; for what is

really meant is that we abstract one of the elements of the

idea of knowledge, and then condemn knowledge for having
other elements in it. It is possible to criticize and con-

demn 'special conceptions as not conforming to our idea

of knowledge ; but it is not possible to criticize the idea

of knowledge itself ; all we can do is to explain it. It is

possible to see the limited and hypothetical character of

certain of our ideas or explanations of things, because we
are conscious that in developing them we have left out of

account certain elements necessary to the whole truth;
but this criticism itself implies, as the standard to which we
appeal, a consciousness of truth and reality, a conscioiisnass

which we cannot further criticize. Here, therefore, we
come upon what must seem to all who think ,it admissible
to question the' very possibility of knowledge an inevitable
reasoning in a circle. We can answer objections only by
means of the very idea which they dispute. But the
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aii8W(tr 18 nevertheless a good one ; for the objector also

stands within the very circle which he seeks to break, and

baa no means of breaking it except itself. As soon as he

speaks, he can be refuted by his own words ; for his doubts

also presuppose that unity of the intelligence and the

intelligible world which he pretends to deny.

The eiTor, however, cannot be fully corrected until we
consider what gives it plausibility. The confusion of the

metaphysical with the psychological problem is due to the

fact that the being who is the subject of knowledge, for

whom all exists that does exist, appears to be one, and only

one, of the many objects of knowledge. When we say

that existence means only an existence for a thinking self,

we seem to be identifying the whole world with the feelings

and ideas of men, i.e., with certain phenomena that belong

to ihe life of a class of beings which only forms a part of

that world,—pLenomena, moreover, that are not exactly

the same in any two of that c!a;33 of beings. If we are to

escape this difficulty it is obvious that we must be able to

separate the conscious self or subject, as it is implied -in

all knowledge, from the nature of man as a being who
" though formally self-conscious " is yet " p^t of this par-

tial world," i.e., one of the objects which we know along with

and in distinction from other objects, and in whom " the

self-consciousness which is in itself complete, and which

in its completeness includes the world as its object," is only

progressively realized.^ Metaphysic has to deal with con-

ditions of the know%ble, and hence with self-consciousness

as that unity which is implied in all that is and is known.
Psychology has to inquire how this self-consciousness is

realized or developed in man, in whom the consciousness

of self grows with the consciousness of a world in space
and time, of which he individually is only a part, and to parts
of which only he stands in immediate relation. In con-
sidering the former question we are considering the sphere
within which all knowledge and all objects of knowledge are
contained. In considering the latter we are selecting one
particular object or class of objects within this sphere,

—

although no doubt it must make a great difference in our
treatment of this object that we have to consider it as
existing, not only for us but for itself. If nature " becomes
self-conscious in man," it is impossible to treat man
mereli/ as one among the other objects of nature. But it

is not less true that he is one of those objects, and, in this
point of view, the department of science and philosophy
that deals with his life is as distinct from metaphysic

—

whicl- deals with the conditions of aU knowing and being—as is astronomy or physics. In both cases we have
befo-.j us objects which we may consider in themselves
apart from their relations to the conscious subject, and
in both cases we must take cognizance of these relations if

we would have a complete and final view of those objects.
It is possible to have a purely objective anthropology or
psychology—which abstracts from the relation of man to
the mind that knows him—just as it is possible to have a
purely objective science of nature. Such a natural science
of man, however, will necessarily abstract at the same time
from the fact that in man is manifested that universal
principle in relation to which all things are and are known.
In other words, it will omit that distinctive characteristic of
man's bein^ in virtue of which he is a subject of knowledge
and a mcral agent. Hence the abstraction in this case is

more likely to lead to positive error, more Ukely to produce
not only an imperfect but a distorted view of the object.
Inorganic nature, if we take it in itself, is not untruly
viewed, under the categories of causality and reciprocity,
as a collection of objects externally determined by each
oaier

: the error lies only in taking it as if it could exist

' Hume. vol. i. p. 131 (Green's edition).

in itself. Even organic beings do not suffer much injustice

in being brought under sucti categories; for, though, as

living and still more as sensitive beings, they involve in

themselves and in their relation to the world a kind of

unity of differences to which the categories of external

relation imperfectly correspond, yet they are not such

unities for themselves, but only for us. In other words, the

principle through which they are and are known is still

external to them. Hence also they are determined by

outward influences, though these influences act rather as

stimuli to what we may call the self-determined movement
of their own life than as mechanical or chemical forces

which change it. But in man, in so far as he is self-con-

scious,—and it is self-consciousness that makes Him man,
—the unity through which all things are and are known
is manifested ; and therefore he is emancipated, or at

least is continually emancipating himself, from the law
of external influence. Nature and necessity exist for

him as that from which his life starts, in relation to which
he becomes conscious of himself, against which he has
to assert himself, and in the complete overcoming of

which lies the end of all his endeavour. Nature is the

negative rather than the positive starting-point of his

existence, the presupposition against which he reacts rather
than that on which he proceeds ; and, therefore, to treat him
simply as a natupjl being is even more inaccurate and
misleading than to forget or deny his relation to nature
altogether. A true psychology must, however, avoid both
errors : it must conceiveman as at once spiritual and natural

;

it must find a reconciliation of freedom and necessity. It

must face all the difficulties involved in the conception

of the absolute principle of self-consciousness,—through
which all things are and are known,—as manifesting itself

in the life of a being like man, who " comes to himself
''

only by a long process of development out of the uncon-
sciousness of a merely animal existence

This problem first presented itself in a distinct form in

the discussions of the Socratic school as to the nature of

knowledge, discussions which turn mainly upon the relatioo

of the conscious to the unconscious element in thought.

Socrates, by his method more than by any direct state-

ment, drew attention to the fact that all particular judg-
ments in morals involve or presuppose a universal principle.

At the same time he pointed out that, so far from this

universal principle being known to those who are con-

tinually making such judgments, they are not even
conscious of its existence. They constantly use general

terms whose meaning they have never even thought of

defining. The beginnmg of a rational life for them must
therefore lie in their becoming conscious of their ignorance,

i.e., conscious that they have been all along judging, and
therefore acting, on untested and even unknown assump-
tions. They must bring the unconscious universal to the

light of day and define it, for until that is done it is

impossible to live a moral, that is, a rational life. " Virtue

is knowledge," i.e., it is acting, not according to opinions,

or particular judgments,—whose universal is unknown, and
which therefore may be regarded as expressing merely the

impulses or habits of the individual,—but in view of a

universal principle determined by reason.

The onesidedness of this view—which absolutely con-

demns as vice aU virtue that is not based on conscio'U

principle—was partly corrected by another part of tbw

doctrine of Socrates, who taught that knowledge is some-

thing that must be evolved from within the mind, and net

merely communicated to it from without. For this implie*

that the moral principle may be present in men's minds,

and may rule their thoughts and actions, long befon
they become directly conscious of it. They are rational

although they have never thought about reason, and they
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do not wait for scientific ethics to judge and act morally,

any more than they wait for logic to reason correctly. It

is this line of thought which is universalized and mythically

expressed by Plato in his doctrine of "reminiscence."

According to this myth, wo were conscious of ideas or

universals in our pre-natal state ; we forgot them in the

shock of birth into this mortal life; but in feeling or

sharing the rapture of the poet or the lover we recall them
as identified or confused with individual objects which
" are like them, or partake in them." The same explana-

tion is given of the practical skill of the general and the

statesman, and eteu of the " right opinion " which guides

the ordinary good man. Such opinion is neither knowledge
nor ignorance : not knowledge, for general principles or

ideas are not in it present to the mind as ideas, and there-

fore the particular cannot be distinctly subsumed under
them

;
yet not ignorance, for the ideas are after all present,

though wrapped up in the particulars or confused with
them. Nay, in the Thesitetus, Plato endeavours to show
that ihe pure particular without the universal, sensations

without ideas, cannot enter into our consciousness at all,

and that therefore the lowest point to which a conscious

being can descend is " opinion," in which particular and
universal, sensible and intelligible, are mingled together.

In other words, no conscious being can apprehend the
particular except through the universal, though that uni-

versal may be present only in consciousness and not to

it. The task of philosophy is therefore only to make men
"recollect themselves," i.e., to make self-conscious that
universality of thought fn which all rational beings
"partake," or which, in the language of later philosophy,
constitutes reason. The imperfection of Plato's view lay,

however, in this, that, while he clearly recognized that the
condition of all consciousness of the particular is the
universal, he did not see with equal clearness that the
universal has a meaning only in relation to the particular.

And this tendency to separate universal from particular is

naturally accompanied by a tendency to set the subjecwve
against the objective, and to regard the world, not as the
manifestation of reason, but as a dualistic world, in which
reason is chained to a lower principle—a world which
can at best only give a hint or suggestion to the mind to
enable it to recollect itself and recover for itself its own
treasures.

_
Thus the false method of introspection, the

" high priori road " of mystieism, -was at least opened up
by Plato, if he did not altogether forsake the narrower
and harder way to the spiritual world through nature and
experience.

The great step in advance taken by Aristotle was due to
his seeing the danger of this tendency. Those, however,
who have maintained that Aristotle is the great a posteriori
philosopher,—as Plato is the great a priori philosopher,

—

have entirely mistaken the bearing of Aristotle's criticism
of the Phtonic theory. As strongly as Plato does Aristotle
maintain that 'reason is Bwd/xa irivra ra. vo-qTo., and that,
therefore, the apprehension of truth by the mind is not a
mere external communication of it to the mind, but rather
is the mind coming to a consciousness of itself. As firmly
as Plato does he declare that truth in its highest form is

self-evidencing, i.e., that the principles of science, the laws
of nature, when once they have been discovered, are seen
to be irue by their own light. His statements to this
effect have been neglected or explained away, because
they were supposed to be incongistent with his still more
frequently reiterated assertions that it is only from
experience and by induction that the truth of things can
be discovered. Writers of a later day,—who came to
Aristotle with an idea of a fixed opposition between a
priori and a posteriori, and who held that the only possible
alternatives were either to divide knowledge between the

two or to explain away one of them,—could not comprehend!

that Aristotle might be in earnest both in asserting that

knowledge is derived from experience and in asserting that

it is an apprehension by reason of that which is identical

with itself and needs no extraneous evidence. But
Aristotle started with no such fixed opposition. On the

contrary, any one who reads the last chapter of the

Posterior Analytics will see that he bad no difficulty in

maintaining that knowledge begins in the apprehension of

TO Koff tKao-rov in sense perception, and that it proceeds

from many perceptions to experience, and from many
experiences to science ; while at the same time he declared

that the principles of science have their evidence in them-

selves. And the meaning of this declaration is sho^vn in

the Be Anima, where we find him speaking of knowledge as

the realization in the " passive reason " of man of an " active

reason " which is eternal and unchangeable, and which in

the consciousness of itself includes the iinowledge of all

things. Of this realization, indeed, there is in man only

the potentiality or capacity, but just because this is a pure

or universal capacity, because, as Aristotle puts it, it has no
quality or determination of its own to stand between it and
its objects, it is a capacity in which the absolute reason can

realize itself, a capacity of knowing all things. Here we
have Plato's myth of reminiscence freed from the metaphor
of memory, and reduced to scientific terms ; for that myth
simply meant that the evolution of knowledge is the

development of the mind to the consciousness of itself, and
of all that is potentially in it. Only, by the combination

of this doctrine with the idea of the necessity of induction,

Aristotle at the same time guards against the purely

subjective interpretation to which in Plato it was liable.

For the process by which the mind " comes to itself " is

conceived as a process by which at the same time it rises

from the particular to the universal, from the yvwpi/ia

rjfjuv to the yviipifia dirXcus, from the bare apprehension of

the facts of experience to the knowledge of them through

their principles or laws.

Yet Aristotle was as little able as Plato to work out fully

a theory of the relation between the universal and the

individual reason ; and the cause of this failure was in

both cases substantially the same. In Plato's philosophy,

the ideal tended" to divorce itself from the phenomenal
world in such wise that the latter was regarded only as

suggesting or partaking in the former, but not as entirely

explicable by it. It was not merely that, to the mind of the

individual in its progress, the veil was only gradually lifted

from the rationality of the world, but that in the world

there was an irrational element from which the mind
could save itself only by flight into the region of abstrac-

tion. And, though Aristotle by his doctrine of the essential

relation of ideas to experience, or of the development of

the mind to the acquisition of knowledge of the woild,

seemed to be on the way to correct this error, yet he too

shrinks from regarding the phenomenal world as in itself

intelligible. To him also an irrational matter mingles with

things, and is in them a source of contingency and imper-

fection. Chance is not merely the reflexion upon the world

of our imperfect knowledge, but a fact of experience, and

there is therefore a region in which our best science cannot

rise above generality to universality. In this way there

remains for Aristotle an absolute a posteriori, a reality which

cannot be understood, and which we can scarcely conceive

as existing at all for the divine intelligence. At this point

the Aristoielian philosophy appears to stand between two

alternatives, either that, in the sense of pantheism, the finrtf

world and its contingency is an illusion, or that it is con-

tingent only for the growing intelligence of iian, which

fully understands neither itself nor the world which is its

object. Aristotle, however, does not choose either horn of
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the dilemma, and leaves us therefore with an unresolved

dualism between thought and its object ; and this again

necessarily involves a dualism between the active reason,

which, as Le asserts, realizes itself in man, and the passive

reason which constitutes his natm-e as a finite being.

In the Middle Ages the Platonic and Aristotelian idea

that the apprehension of objective truth is one with the

evolution of the mind to self-consciousness seemed to be

entirely lost. Knowledge of the finite world was regarded

as indifferent, and knowledge of the infinite was conceived

to be something given on authority, and in reference to

which the mind was confined to an attitude of passive

reception or implicit faitL No greater slavery of the

spirit can be conceived than that in which even the

truths of religion and morality—the truths that regard the

inmost life of the spirit itself—were taken as a lesson

to be learned by rote from the lips of a teacher. Yet
the consciousness that such truth, if it was to be received

by the mind, still more if it was to transform the mind,

could not be entirely foreign to it, found a voice in the

scholastic philosophy. And the compromise or truce

between faith and reason expressed in the saying of Anselm
credo ut intelligam,—according to which reason was to

confine itself to the analysis anid demonstration of the data

received in implicit faith from the church,—prepared the

way for the recognition that the two are not essentially

at variance. The mind that proceeds from veneratio to

ielectatio, from awe and submission to the doctrine to

enjoyment and appreciation of it, must already in its awe
and submission have the beginnings of an intelligent

appreciation. Anselm's saying might be understood simply

as meaning that we must have spiritual experience ere

we can understand the things of the spirit. And in this

sense it was adopted by the Keformers to express an idea

almost the opposite of that with which the scholastics

had associated it,—the idea that the direct apprehension of

spiritual truth as entering into the inner life of the subject,

as identified with his very consciousness of self, is the basis

•f all knowledge of it. In the Protestant church of the

period after the Reformation, we find a growing tendency

to insist on the subjectivity of religion, in the same exclusive

and one-sided way in which the mediaeval church had
insisted on its objectivity. In some extreme representa-

tives of Protestantism this went so far as to lead to a

disregard, almost to a rejection, of all objective doctrine,

and a reduction of theology to an account of the religious

fonsciousness. On the other hand, while religion was thus

made subjective, science claimed to be purely objective,

and the followers of Bacon seemed to adopt towards nature

the same attitude of passive receptivity which the medieval
Christian was taught to hold towards the church. While
man was to learn everything from himself in religion, he
was to learn nothing from himself in science. His aim
must be to exclude subjective idola, in other words, to

accept the facts as they vvere given, and keep himself out of

the way. The inevitable restJdt of this difference of view
as to the nature of knowledge in these two different

regions was, however, on the one hand a withdrawal of

religion from all connexion with finite interests, and,

especially from the attempt to connect religious principles

with the knowledge of the finite world, and, on the other
hand, an increasing tendency in those who represented
finite science to regard religion as something merely
subjective and even individual, as a feeling which could
not be translated into thought or made the basis of any
knowledge of the objective world.

The opposite principles of certitude which were thus
set up for religious truth and truth of science need only
to be brought together and contrasted to betray that they
lest upon opposite abstractions, neither of which expresses

the complete nature of truth or knowledge. On the onti

hand the truths of religion were maintained just because
they were not, or were not merely, objective, but were
capable of being tested by inner experience, and identified
with the self-consciousness of the individual. On the other
hand the truths of science were maintained because they
were not, or were not merely, subjective, but were capable
of being verified in objective experience. It was rightly
scon on the one sid* that mere subjecti-^e feelings or
opinions have no valiaity for any one but the subject of
them, and on the other side that what is merely objective
or externally given can have permanent value and interest
for the intelligence only as it ceases to be mere isolated
and unrelated fact—nay, that, even when science has
discovered law and order in nature, it still wants the
highest value and interest sc long as that law and order are
not seen as standing in essential relation to the inteUigence
itself. The idea of truth or knowledge as that which is at
once objective and subjective, as the unity of things with the
mind that knows them, enables us to understand the con-
demnation which the religious mind passed upon a merely
external dogma, and even its lack of interest in a science

which presented itself as an account of merely objective or
external facts. And it enables us also to understand the
way in which scientific men insisted upon objective fact

as the basis of all knowledge, and the disrespect which
they felt for a religion which seemed to admit that it had
no such support. What is wanted to clear up the confusion
on both sides is the growth of the perception among
scientific men that the objectivity which they are seeking
cannot be mere objectivity (which would be unmeaning),
but an objectivity that stands in essential relation to the
intelligence, and, on the other hand, the growth of the

perception among religious men that tha Kubjectinty of

religion only means that God, who is the objective principle

by whom things are, and are known, is spiritual, and can
therefore be revealed to the spirit. When these two cor-

rections have been made, it must become obvious that the

religious consciousness is not the consciousness of another

object than that which is present in finite experience and
science, but simply a higher way of knowing the same
object. And in this it is also involved that the two ideas

of a priori and a posteriori, of that which is evolved from
within and that which is given from without, are not

essentially opposed to each other, but that the a posteriori

is simply the first form of a consciousness which in its

ultimate development must become a priori.

In that philosophy of compromise which was initiated

by Descartes, one part of knowledge was regarded as innate,

or developed from within, and another part as empirical,

or imparted from without. In the second period of the

history of modem philosophy this compromise was broken,

and the names of Locke and Leibnitz—though with some

hesitation on both sides—represent respectively the theories

that all knowledge is a posteriori and that all knowledge

is a priori. The compromise seemed to be renewed with

Kant, but the form in which it was renewed pointed, as

has been already shown, to something more than a com-

promise, for his doctrine was that the a posteriori element,

the facts, exist for us only under a priori conditions, or,

in other words, that what is usually called a posteriori

is in part a priori. The criticism of this view need not

be repeated. It is sufficient here to say that if, as Kant

shows, the elements are inseparable or organically united,

it is impossible to allege that so much belongs to the one

and so much to the other. Furthermore, the consciousness

of an essential difference in the elements of knowledge is

possible only so far as that difference is transcended by the

unity of knowledge. We can distinguish the a priori from

the a posteriori only on condition that we can transcend
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the distinction, and this means that the distinction itself

is not absolute, but that there is a point of view from

which the a posteriori may be regarded as a priori, and

that which is given from without to the spirit may be

referred to its own self-determined developmeut.

Now it is just here that we come upon tho turning-point

of the philosophical controversy, in the form which it has

taken in modern times. The problem may be expressed

thus—In what sense can we apply the idea of development

to the human spirit 1 Are we to treat that development

as merely a determination from without, or as an evolution

from within, or as partly the one and partly the other?

In a sense all writers of the present day would admit that

this last is the case. For, on the one hand, even the

Darwinian theory accounts for development by aid of

what we may call the a priori tendency of the individual

to maintain itself in the struggle for existence, though it

supposes that the condition or medium in which the indi-

vidual is placed determines the direction in which that

development proceeds. And, on the other hand, no one

now would adopt the Leibnitzian theory that the indi-

vidual is a monad, whose self-development is entirely con-

ditioned by itself in such a sense that all the relations

which it has to other existences are merely apparent, and

that the coincidence of its life with the life of the world is

the result of a pre-established harmony. On both sides,

therefore, the idea of self-determination would be admitted,

though the tendency of the Darwinians would be to regard

this self-determination as something merely formal ; and

on both sides it would also be admitted that the self-

determination does not exclude a determination from with-

out, though extreme opponents of Darwin might be inclined

to reduce this determination to a mere stimulus or external

condition of the development of the nature of the subject

to which the stimulus is applied. The question, however,

remains whether, after all, this" opposition of without and

within is an absolute one, or whether there is any point of

view from which it may be transcended. To Aristotle it

seemed possible to answer this question in the affirmative,

because he conceived that the reason of man is a pure or

universal Suva/tts, the evolution of which to complete self-

consciousness is one with the process whereby the objective

world comes to be known. Yet, as Aristotle admitted the

existence in the world of a material principle which was
essentially different from the ideal principle of reason, he

was obliged to limit his statement as to the possible unity

of the subjective and the objective consciousness, and to

say merely that " in things loithout matter the knower is

identical with the known." But this would immediately

lead to the conclusion that the pure development of reason

must be secured by abstraction from all finite and material

objects, rather than by a thorough comprehension of them.

The freedom of the spirit, on this theory, must be a negative

and not a positive freedom, a freedom won, not by over-

coming the world, but by withdrawing ourselves from its

influence. It remained, therefore, for modern philosophy

to work out the Aristotelian idea that the rational being

as such, in spite of its necessary relation to and depend-
ence on an external world, is never in an absolute sense

externally determined. And, as we have already seen, the

Kantian philosophy brought this problem within tho reach

of solution, in so far as it showed, first, that objective

existence can have no meaning except existence for a
thinking self, and, secondly, that existence for a thinking
self means existence the consciousness of which Ls "capable
of being combined with the consciousness of self." Add
further to these propositions what was shown by Kant's
successors, that that only can be combined with tho con-

sciousness of self \yhich is essentially related to it, and we
arrive at an idealistic theory of the world, which enables

us at once to understand the rclati^e value of the distinc-

tion between self-determination and determination from

without, and at the same time to see that its value is only

relative. If it be true that nothing exists which is not a

possible object of consciousness, and again that there is no

possible object of consciousness which is not essentially

related to self-consciousness, then the phenomena of tha

external world, which at first present themselves under the

aspect of contingent facts, must be capable of being ulti-

mately recognized as the manifestation of reason ; and the

history of the conscious being in his relations with that

world is not a struggle between two independent and

unrelated forces, but the evolution by antagonism of one

spiritual principle. It is, on 4.his view, the same life which

within us is striving for development, and which without

us conditions that development. And the reason why the

two terms, the self and the not-self, thus appear to be

independent of each other, or to be brought together only

as they externally act or react upon each other, lies in this,

that the object is imperfectly known, and the subject is

imperfectly self-conscious. This, however, does not make it

less true that in self-consciousness is to be found the prin-

ciple in reference to which the whole process may be

explained, and therefore that the self-conscious subject, as

such, lives a life which belongs to him, not merely as one

object among others, but as having in himself the principle

from which the life and being of all proceeds.

From this point of view, as has been already indicated,

the relative value of a theory of human development, such

as that which might be based on the ideas of Darwin,

would not be denied. The conscious being may be regarded

simply as an externally determined object, and the incorrect-

ness of this assumption will not entirely destroy the value

of the results attained, especially if, as is often the case

with those who seek to construct a natural science of man,

the assumption itself is not very strictly adhered to, but

corrected by the tacit admission of other conceptions some-

what inconsistent with it. But, at the same time, it would

require to be pointed out that such a science is necessarily

abstract and imperfect, as it omits from its view the

central fact in the life of the object of which it treats. It

can do nothing to account for man's consciousness, or his

capacity of becoming conscious, of the influences by which

he is supposed to be determined ; or, to put it from the

other side, it takes for granted that the objects that

influence man are intelligible objects, " capable of being

combined with the consciousness of self," without seeing

how much is involved in this assumption. Now it is

evident that the consciousness of an influence cannot be

explained by the influence itself, nor even 'by that taken

together with the nature of the sensitive beings subjected

to it. It is evident also that an influence mediated by

consciousness is not, strictly speaking, an external influence,

but that it is already transformed, and in process of being

further transformed, by the development of the self to

which it is present. For the dawn of consciousness, in

which the external object first comes into existence for uS;

as opposed to the self, is at the same time the beginning

of the process by which its externality is negated or over-

come. Self-consciousness is that which makes us indi-

viduals in a sense in which individuality can be predicated

of none but a self-conscious being. For, in determining

himself as a self, thu individual at the same time excludes

from himself every other thing and being, and determines

them as external objects. He emancipates himself from

the world at the same time that he repels the world from

himself. Yet this movement of thought, by which his

individuality is constituted, is also that by which he is lifted

above mere individuality, for, in becoming conscious of self

and not-self in their opposition and relation, he ceases to
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be simply identiffed with the one to the exclusion of the

other. His finite individuality is regarded by him from a

universal point of view, in which it has no less and no more
importance than any other inSividuality, or in which its

greater or less importance is determined only by its place

in the whole. On this universality of consciousness rests

the possibility of science and of morality. For all science

is just a contemplation of the world in ordine ad universum

and not in ordine ad individuum ; and all morality is just

action with a view to an interest which belongs to the

agent, not as this individual, but as a member of a grsater

whole, and ultimately of the absolute whole in which all

men and all things are included.

In this nature of the conscious subject lies also the

possibility of metaphysic in the sense of Aristotle, as that

science which goes back to a TrpQiTov ^tvcru, a beginning

which is prior to the existence in conscioushess of the

individual self, and onward to an end in which the divisions

of the finite consciousness are transcended,—as including,

in short, onjtology, or metaphysic in the narrower sense, on

the one side, and theology, or the philosophy of religion,

on the other. In truth, these two extremes of science are

necessarily bound together : we can only go back to the

beginning if we can go on to the end ; we can only recover

the first unity if we can anticipate the last. Or, to free

the subject more definitely from the associations of time,

we cannot apprehend the unity which is involved or pre-

supposed in all the differences of our conscious life except

in so far as we can look at our individual existence from

the point of view of the whole to which it belongs. This

will become evident if we consider the nature of the limits

which have to be transcended by such a science. The
individual conscious subject, as he finds himself at first,

is but one being iii a world that stretches out, apparently

without limits, on every side of him. Of the things by

which he is immediately surrounded he sees but a small

part, and the influences which he receives from them are.

as he knows, like the wave that breaks upon a shore from

an unknown ocean, only the last partial expression of

impulses that come from regions beyond his ken. Again,

he finds himself as one in a changing series of beings, of

which he knows only the last preceding terms, and he is

aware that in a few years he, as one of this- series, will

cease to be. He is thus to himself a definitely limited

being, and though his knowledge of himself and his world

may be gradually widened so as to reach some little way
back into the past, and anticipate a little of the future, or

may go outwards in space to embrace a widening circle of

existences around him, yet he alwdys stops at a limit, of

which he is conscious that it is no absolute limit, but

simply an arbitrary halting-place where vision grows

indistinct and imperfect. When he reflects upon himself

from this point of view, he is forced to regard himself as

but a fragment, and a fragment of an unknown whole, by
which his whole being is determined to be what it- is.

His highest knowledge seems to be but a consciousness

of his ignorance, his highest freedom a determination by

motives the ultimate meaning of which is hid -from him.

So far there seems to be no room for any metaphysical

knowledge, any knowledge of ourselves and our world

which is other than relative and in ordine ad individuum.

But further reflexion shows that in this very consciousness

of limit there is implied a consciousness of that which is

beyond limit. While we proceed from part to part, beginning

with ourselves and our immediate surroundings, and follow-

ing out lines of connexion that lose themselves in the dis-

tance, we are guided by a consciousness of the whole as a

unity through which the parts are determined. Nay, it is

just the presence of this consciousness that makes us capable

of what seems the piecework of our knowledge, in which,

by the aid of the principle of causality, we connect parti-
cular with particular, and so graduaily extend the sphere
of^ light into the encompassing darkness. For that
principle simply means that the limited external object
does not sufficiently explain to us its own existence, and
that therefore we are forced to explain it by a reference to
something beyond it. It means, in other words, that we
cannot rest in that which is not a self-bounded, self-

determined whole. The application of the category of
external determination has therefore an essential reference
to the higher category of self-determination. The mere
endlessness of space and time has no meaning except in

opposition, yet in relation, to the true infinity of which
we find the type in self-conscious thought. Or, to put it

in the Kantian form in which it is already familiar to us,

the consciousness of the objective world in space and time
stands in essential relation to the unity of self-conscious-

ness. And if when we regard the former exclusively we
are forced to view ourselves as insignificant and short-

sighted finite beings in an infinite universe, when we
regard the latter we are enabled to see that in all this

uniyerse there is revealed only that spiritual principle

which we find also in ourselves. In this way a new light

is thrown on our first consciousness of ignorance. The
strivings of our reason after knowledge can no longer be

regarded as strivings after an unknown goal, but rather

after a goal which it has prescribed for itself. The narrow
limits of our individual life are not removed, but they

cease to be for us the limits of a narrow circle of definitior

withiu a formless infinite. They become the limits of a
sphere within a sphere, a sphere which is defined by the

idea of knowledge or self-consciousness itself, and in which
therefore, however we may wander, we are everywhere at

home. In religious language, the sphere ii not a mere
universe, but God, who is without us onlj as He is within

us, so that "by the God within we can understand the

God without."

Agiin, as this eonsciousness takes mau beyond, his

immediate existence, and enables him to determine it in

relation to an absolute unity of all things in God, so it

enables him to go back to a unity which is behind or

prior to that existence. For, if the individual can look at

himself as he looks at others, and at others as he looks at

himself, i.e., from a point of view which is unaffected by
his individuality, and in which that individuality is for him
only what it is for impartial reason, he can have nothing in

him which binds his consciousness to his individuality as

mere individuality ; as therefore he can go havond himself

to apprehend the whole in which his individuality has a

place, there is nothing to prevent him from going back

upon himself, and upon the conditions which are prior to

his own individual being. He is not tied to his immediate

life, and can go below it just as he can rise above it.

" O God, I think Thy thoughts after Thee," said Kepler.

In reading the "thoughts" written in the planetary

system, Kepler was discovering the meaning of that

which is simpler and more elementary than the existence

of man, as a cycle of mechanical relations are simpler and

more elementary than self-consciousness. Yet it was a

true feeling that led him to connect this descent into the

mechanical world with God. For it is only in virtue of

the same faculty which enables us to rise to the absolute

life which includes and subordinates our own that we can

so free us from the imEkge of our own conscious life as to

apprehend and fix in thought the simpler relations of

purely piysical existence. But the same faculty of going

back upon ourselves has a still deeper manifestation.

Not only Can we abstract from ourselves so as to under-

stand the inorganic world, we can also abstract from our-

selves so as to understand the conditions which are prior
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to the tliought, and therefore to the existence, of any

objective eittrnal world at all, the universal conditions of

the knowable and therefore also of reality. In doing so,

to use Hegel's metaphor, which is but an extension of

Kepler's, we are "thinking what God thought and was

before the creation of the world," i.e., we are thinking the

spiritual unity presupposed in all knowledge, and therefore

io all objects of knowledge- the consciousness in relation

to which everything is, and is known.

3. The RtLuion of Logic io Metaphysic.—The ordinary

view of logic is based on two presuppositions which tend to

separate it almost entirely from metaphysic ; it is based on

the presupposition of an opposition, or at least a merely

external relation, between thought and its object, and again

of an opposition, or merely external relation, between the

form or method and the content or matter of thought. The
intelligence is regarded as dealing with an object which is

givep to it externally, and to which, therefore, it can be

true only if it leaves it unchanged and introduces into it

nothing of its own. Truth, to use a well-known definition,

is the agreement of our conceptions with their objects, and

in bringing about this agreement all the 'concessions- must

be on the side of thought. Conformably to this view, the

processes of .thought must be purely analytic; i^., thought

may break up the given idea of the object into its con-

stituent elements, and again out of these elements it may
recompose the idea in its unity, but it can add nothing and

take nothing away. It ' k like an instrument which

alternately dissects a solid mass into smaller parts and

again mechanically presses them together, but which

never penetrates and dissolves the hard matter, still less

fuses it into a new fornj by bringing it into contact with

new chemical elements.

This conception, like much of the philosophy of which
it is a specimen, is a kind of exaggerated caricature of one

aspect of the philosophy of Aristotle. Aristotle is the

great analytic philosopher. He first laid down boundaries

in that continuous domain of science which Plato had first

surveyed. Not that he ever .completely lost sight of the

nnity or continuity of the different sciences which he thus

distinguished. His unrivalled speculative genius is shown

nowheremore clearlythan in those not unfrequent utterances

of speculative insight into the unity of things different, by

which, as at a stroke, he makes his own landmarks and all

landmarks to disappear. . Yet such utterances generally

stand by themselves, and 'do not alter the general analytic

spirit of his philosophy. They are not so developed as to

show distinctly the merely relative character of the divisions

and distinctions which are set up, or the limits of the sphere

within which they hold good. Hence it was easy for

minds which possessed something of Aristotle's keenness

of understanding without his speculative depth to neglect

such expressions, or to explain thera away. And this

process of degradation was the more rapid as the philosophy

of Aristotle soon ceased to bo studied in his own writings,

and became a traditionary possession of the schools. In

this way we may partly explain how logic came to be

regarded by mediaeval philosophy as a form of thought

which cbnld be altogether separated from the matter, and

by the application of which that matter could he in no way
affected or changed. But for such a view, indeed, it is

difficult to conceive how the schoolmen could have ventured

to apply any logical processes at all to the sacred matter of

dogma. The idea of externally adding anything to tlie

faitli once delivered to tlie saints was excluded by the

principle of authority ; and the idea of developing out of

that faith anything that was not immcdiatel sontained in

it had not yet presented itself to any one. Hence the

business of thought seemed to be purely formal and

analytic, and it was only on the plea of its being such that

its activity could be' tolerated at all. Nor was this view

of logic at once changed by the revolt against scholasticism.^

The first philosophical exponents of the modern scientific

movement, while they rejected the matter 'of dogma as

fictitious, or at least as transcending the sphere of positive

knowledge, and while they substituted in its place, as the

object of investigation, the facts of experience, did not

realize any more than the schoolmen that the form and

method of knowledge could be other than analytic of given

matter. - Bacon, their protagonist, was above all solicitous

to guard,against any subjective <!n^t«)>a<io naiuree; nor did

he see that the questions which, in his theory of forms,

he proposed that science should ask of nature themselves

involved any preconceived theory regarding it. Conscious,

as every true scientific man must be, that the study of

nature involves a constant self-abnegation, a patient self-

distrustful course of experiment and observation, he and

his followers did not realize the presuppositions that make
' the inquiry possible, and by which it must be guided. Still

less did they recognize that the separation between the

mind and its object which they took for granted can only

be a relative division, i.e., a division on tha, basis of a

unity, and that therefore the self-abnegation of, the mind
in its investigation of facts cannot be an absolute self-

abnegation, but is only the first step on the way to the

discovery that the facts are intelligible, and so eteentially

related to the intelligence. Hence to them logic still

seemed a mere analytic process, the end and aim of which

was understood to be that a world, existing in itself out

of relation to thought, should be reproduced in a more or

less imperfect image in thought. And, when it came to be

suspected by a less naive philosophy of experience that,

after all, certain presuppositions, not given in experience

itself, were involved in the scientific interpretation of it,

various expedients were devised to reduce these presupposi-

tions in an indirect way to empirical truths,—expedients

of which Mill's attempt to base the law of causality upon

an inductio per enumtrationem simplicem may be taken as

the type,\

? 'When we go back to Aristotle,—who was the "founder
of logic" in the sense that he was the first who treated

logical method as a separate branch of science,—we find

that his division of logic from metaphysic is by no means
so definite and complete is it was made by some of bis

successors. The verification of the highest prindple of

thought, the law of contradiction, is treated by him as the

business of metaphysic. And, though he separates the idea

of truth from the idea of reality, and regards the former

as involving a relation of thought to a reality which is

determined in itself independent of that relation, yet he

does not regard this independence as by any means absolute.

Truth is defined by him as a connexion or distinction of

ideas which corresponds to a union or separation of things,

but does not necessarily .so correspond. This definition,

however, holds good only in so far as things are not

scientifically known, or in so far as things not essentially

related are brought together Kara otj/j/Sc/Stjko's. Where
necessity comes in, and is apprehended by reason, the

case is different. For in that case we have not merely

an external synthesis, but an essential identity, i.e., a unity

of elements which can neither be, nor be known, apart

from each other., In relation to the principles of science,

therefore, Aristotle holds that error, i.e., a connexion of

ideas not corresponding to a connexion of tVings, is impos-

sible, and that the only alternatives are knowledge and ig-

norance. Either we possess the idea or we do not possess it;

as Aristotle otherwise expresses it, in thought ve aie either

in contact with the things or not in contact w^ith them;

there is no third possibility. The meaning of Ari«totle

becomes clearer when we remember that, according to hi-"'
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view, the intelligence, in apprehending the indivisible unity

of- elements in the object, is at the same time ajiprehending

the unity of the object with itself. The mind cannot be
ueeeived in regard to that \Yhich forms a part of its con-

sciousness of itself. In freeing the essential conception of

the object from the cckitingency of matter, science has

freed the object from that which made it foreign to

intelligence, and the relation of thought to things ceases

to be one of correspondence, and becomes one of identity.

The legitimate inference from this view of the relation

of the intelligence to the intelligible world would seem
to be that the partial separation of thought from its object

and its imperfect correspondence with it is characteristic

of ovir first empirical consciousness of things, and of the

progress from that consciousness to science, but that in

completed science the division ceases. The esse of things

is not their percipi, but their intdligi. But, if this ba

taken as the truth, then it can no longer be supposed that

the process by which scientific knowledge is attained con-

sists sim])ly in an analysis of the object as it is given in

immediate percejjtion. On the contrary, it must be held

that, if our thought has to submit itself to the object, and
to be brought into conformity with it, by a process of

induction, it is equally true that in this process the object

also must be changed, that it may be brought into con-

formity with the i)rinciple of thought. The genesis, of

science, according to this view, is not merely an analysis

of given facts, but ao process of vital transformation by
which consciousness on the one side and the object on

the other are brought into unity with each other. • The
idea, indeed, of an empty process, a process in which the

activity of the mind is merely formal, is one which will

not stand the slightest examination. A mind without

categories, if such a thing were conceivable, would have

no questions to ask in relation to the object presented to

it, and could therefore get no answers. Those who make
a pretence of approaching & subject in an absolutely

receptive attitude, and without any presuppositions, only

show that they are unconscious of the categories by
which their thought is ruled ; and they will be ' most
slavishly guided by these categories just because they

are unconscious of them. The schoolmen, when
they applied their logical principles to the matter of

Christian dogma, did not recognize that they were doing

more than analysing and bringing out clearly the meaning
of that dogma. But the effect of their work svas to turn

the system of divinity into a collection of insoluble puzzles;

for the doctrine was a doctrine of reconciliation between

divine and human, infinite and finite, universal and
particular, and the principle of their method was to treat

all these oppositions as absolute. In like manner it might

be shown that the analysis of social phenomena v\'hich was
made in the last century was inadequate and superficial,

just because of the latent assumption of individualism on

which it proceeded, and that the greater success of wTiters

like Comte and Spencer does not arise merely or mainly

from their being more careful observers of the phenomena
of. social life, but in great part from the fact that, rather by
the unconscious movement of opinion than by any distinct

metaphysic, their minds have become possessed by more,

adequate categories.

The idea that the process of thought is merely formal,

br analytic of given matter, is, however, an error that has

a truth underlying it. This is the truth expressed by
Aristotle in his much misunderstood comparison of the

intelligence of man to a tabula rasa, upon which nothing

at first is written, and again in his assertion—already

quoted—that the mind is a pure StVa/iis, without any
distinguishing quality of its own which could prevent it

from apprehending the real nature of other things. In

other words, self-coascious reason is not a special thing in

the world, but the jirinciple through which all things are,^

and are understood ; and hence, as regards the distinction of

things from each otlior, it is in the first instance undeter-

mined and indifferent, and therefore open to be determined
in one way or another, according to the object to which it

is directed. But this simply means that the conscious

subject, as such, is not bound to his own individuality, but
can regard things, nay, in a sense, must regard them, from
a point of view which is independent of it. This is what
makes possible the self-restraint and self-abnegation pre-

scribed to the scientific man, whose whole duty, as it is often

said, is to keep himself out of the way and let the objects

speak, to lay aside all subjective idola and prejudices

that stand between him and the reality of things. This at

first sight may. seem to be equivalent to the assertion that

the mind ought to be in a state of simple passivity or

receptivity towards objects. What is really meant, how-

ever, is not that the intelligence should go out of itself, or

cease to be itself, that it may ];now its object, but simply

that it should show itself in its universality, or freedom

from the limits of the individual nature. The self-abnega-

tion of science is an endeavour, so to speak, to see the

object with its own eyes, but this it can do only in so far

as the consciousness 'for which the object is is that con-

sciousness in relation to which alone all objects are, and

are understood. Or, to put it in another form, the con-

scious self in its scientific self-abnegation does not give

itself up to another, and become purely passive ; it only

gives up all activity which is not the activity of that

universal thought for which and through which all things

are. Hence, when it has so abnegated itself, its most intense

construstive activity is just beginning, though, just so far

as the self-abnegation has been real, that constructive

activity has become one ivith the seLf-revelation of the

object. As, however, it is only through the constructive

activity of thought that there exists for us any object at

all, so it is only through its continued actirity that the

conception of the object is changed, till it is completely

revealed and known. And this activity involves a con-

tinuous synthesis, by which an ever wider range of facts

is brought together in an ever more definite unity, until

the mind has, if we may use the expression, exhausted its

store of categories upon the world, and until the world has

completely revealed itself in its unity with itself and with'

the jnind.

To combine these two ideas—on the one hand that science

begins in a self-abnegation by which the mind renounces

all subjective prejudices, and thereby attains a purely,

objective attitude, and on the other hand that this purely

objective attitude is not a mere attitude of reception, but

one in which the mind is continually transforming 'th«

object by its own categories,—to see that the universality:

of the mind in knowing is not mere emptiness, and that its

activity is synthetic just when it is most free from all pre-

suppositions extraneous to the nature of its object,—is one

of the greatest difficulties of the student of metaphysic.

Universality at first looks so like emptiness, and a universal

activity so like a merely formal activity, that it is no

s^-onder that the one should be mistaken for the other.

But if we make such a confusion, we may soon be forced

to choose between a sensationalism that makes knowledge

impossible and a mysticism which makes it empty. The

pure identity of thought with itself which is involved in

the process of analysis is put on the one side, and tlve

manifold matter of experience which is the object qf

thought on the other, and between these opposites
,
%o;

mediation is possible. If we take our stand upon tlje

latter, we are forced to reject all mental synthesis as

invalid, because it involves a subjective addition to the
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facts ; ir we taVe our stand ou the former, we are com-

pelled to regard all objective experience as irrational,

because it does not corrpsuoud to the. pure identity of

thought'

In Aristotle's view of logic it cannot be said that this

difficulty is clearly solved, thou.sh he seems to have seen

the error of both extremes. On tlie one hand he often

recognizes the synthetic character of the process of induc-

tion, as when he speaks of the universal idea or law as a

central principle, in which we must find the key to all the

difficulties suggested by different aspects of a given subject.

Yet in other places we trace the influence of a merely ana-

lytic conception of that process as a process in which the

universal is to be reached by abstracting from the peculi-

irities of individuals. And this conception of it is favoured

by Aristotle's metaphysical theory, according to which the

forms of things in the •finite world are manifested in a

resisting matter, a matter which prevents them from being

perfectly or universally realized. For, in so far as this is

the case, the facts will not be entirely explained by the

knowledge of the form, and the knowledge of the form

must be obtained, not by combining all the facts, but rather

by abstracting from them. Again, in Aristotle's account'

of the process of thought in the Prior Analytics, he

regards it as a formal deductive process ; and, though
in the Posterior Analytics he attempts to give a synthetic

meaning to the syllogism by treating it as the method in

which the properties of a thing may be proved of it, or
.

combined nith it, through its essential defiaition, yet this

adventitious meaning Bestowed upon the syllogistic process

does not alter its essential nature. The ultimate source of

this inadequate view, of the process of thought seems to lie

io Aristotle's imperfect conception of the unity or identity

which is for him the type of knowledge. For, though, both

in the Metapkysic and the De Anima, he defines Ihat identity

as self-consciousness or as a consciousness of objects which
is identical with self-consciousness, yet he does not seem
clearly to distinguish between a unity in which there is no
difference and a unity in which difference is transcended and
reconciled. This seems to be shown by his description of the

principles which reason apprehends as individua or indi-

visible unities, rather than unities which imply, while they
transcend, difference. Yet, in this definition of the unity

of knowledge as self-consciousness, Aristotle has implicitly

admitted that there is 'a duality or difference in the unity
itself, and this might have been expected to modify his

conception of the relation of consciousness to its objects.

For, as self-consciousness is not simple like a chemical

element, but only in the sense that it is an indissoluble

unity of opposites, it might have been anticipated that

one who had realized self-consciousness as the principle

of knowledge would be able to regard the opposition

between the consciousness of self and the consciousness of

the world as itself also capable of being conceived as a.

uniSy.

/This misconception of Aristptle may be shown in

another way. In the Metaphysic we find him laying down
wha| is called the logical law of contradiction as the
tiltimato principle of knowledge. The meaning of this

principle, however, as Aristotle states it, is simply that
thought in its essence is definition or distinction. • If, as

Hexftclitus says, everything at once is arid is not, if we
cannot attach any definite predicates to -things by -which
thsyi tnay be distinguished from each -other,* then,' 'as-

Aristotle argues, thought is chaos, -^and knowledge lis"

impossible. If determination be not,.-negation7-if "ith^

assertion of A be not the negation of not-A, then there is

no meaning in words. The criticism to be made on this

view is obnously, not that it is a false statement of the law
of thought, but that it is an imperfect statement of it.

Thought is undoubtedly distinction ; ani, if all distinction

be confounded, uo meaning can be apprehended or ex-

pressed. . But thought is also relation and connexion of

the things distinguished, and this a.si)ect.of it is equally

important with the other. Aristotle shows his one-sided-

ness—a one-sidedriess which throws him into opposition

to Plato, but which enables him to correct Plato only bv

falling into the opposite error—when he exclusively fixes

his attention on the " differentiating" aspect of, knowledge,

and takes no notice of the " integrating" aspect of it. It

is easy to see that this exclusive attention to one side of

the truth may lead in many ways to a distorted view both

of the world and of the intelligence that apprehends it. If

Heraclitus be interpreted as simply denying the right of

thought to introduce its defiiiitencss into the flux of sense,

nothing but absolute scepticism can come out of his

philosophy ; and Aristotle was right in maintaining that it is

only as the flux is brought to a stand, and the universal is

fixed as a permanent an-d definite object of thought,' that

knowledge becomes possible. But^ on the other hand, if

distinction be taken as absolute, if the definite assertion

of a thing be taken as a negation of all relation to what it

ds not, if the fi.vity of thought be taken as an abstract self-

identity which excludes all the movement pf finite things

wherein they show their finitude and pass beyond them-

selves into other things, then knowledge will be. equally

impossible. Our consciousness, on such a theory, would

be disintegrated into parts which would own no connexion

with each other ; nor w-ould it be possible for us to think

of things as, in spite of their differences, bound together into

the unity of one world. The law of contradiction or

distinction, therefore, is likely to lead to serious miscon-

ceptions, unless it be complemented by a law of relation

—

a law expressing the truth that there is a unity which

transcends all distinction. For all intelligible distinction

—all distinction of things in the intelligible world—must
be subordinate to their unity as belongi-ng to that world,

and therefore essentially connected with each other and

with the intelligence. In such a world, in other words,

there can bo no absolute distinctions or differences (not

even between being and not-being); for distinction without

relation is impossible, and a conception held in absolute

isolation from all correfated conceptions ceases to have

any meaning. This does not, of course, imply a negation

of the law of contradiction within its o^ti sphere, but it

does imply that that sphere is limited, and that there is no

absolute contradiction. All opposition is within a pre-

supposed unity, and therefore points to a higher reconcilia-

tion, a .'econciliation which is reached when we show that

the r^^^position is one of correlative elements.

The great step in logical theory which was taken by the

idealistic philosophy of the post-Kantian period was simply

to dissipate the confusion which had prevailed so long

between that bare or formal identity, which is but the

beginning of thought and knowledge, and that concrete

unity of difference, which is its highest idea and end. It

was, in other words, to correct and complete the concep-

tions of thought as analytical, and as externally syntheti-

cal, by the conception of it as self-determining, to show
that it is a unity which rnanifests itself in difference and
opposition, yet in all this, even when it seems to be

dealing with an object which is altogether external to

it, is really developing and revealing itself. This new
movement of thought might, in one point of view, be

described as the addition of another logic to the. logic

of analysis and ~ the -logic of inductive synthesis which

were already in existence. But it was really more than

this ; for the new logic was not merely an external addition

* ^ptfx^ffayros rov kuS6\ov h -iTJ^^yXPt ^'** ^^'t. . il. 19.
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to the old logics, it also put a new meaning into these

logics by bringing to light the principles that were involved

in them. At the §ame time it broke down the division

that had been supposed to exist between logic and meta-

physic, between the form Qr method of thought and its

matter. It showed that thought itself contains a matter

from which it cannot be separated, and that it is only by
reason -of this matter that it is able to ask intelligent

questions of nature, and to get from nature intelligible

answers. A short space must be devoted to explain this

relation of the three logics to each other.

The analytic logic fairly represents our first scientific

attitude to the world, in which we concentrate our attention

upon- the facts as they are given in experience, with no
thought of any mental synthesis through which they are

given. To ourselves we seeni to have to do with an object

which is altogether independent of. our thought, and what
we need in order to know it is to keep ourselves in a purely

receptive attitude. Ail we can do is to analyse what, is

given, without adding anything of our own to it. -It has,

however, already been pointed out that this apparent self-

abnegation is possible only because, in abnegating our indi-

vidual point of view, we do not abnegate the point of view

that belongs to us as universal or thinking subjects. In

other words, the objectivity of knowledge thus attained is

Dot the ceasing of the activity of our thought, but rather of

a.'l that interferes with that activity. We seem to abstract

from ourselves, but what we do abstract from is only the

individuality that stands between us and the world. The
friientific observer who has thus denied himself, however,

is not necessarily conscious of the meaning of what he has

done. The immediate expression of his consciousnesses

not " I think the object," but " it, the object, is " ; and the

more intensely active he is the more his activity is lost for

bim in the object of it. His whole work is, for himself,

only the analysis of given facts, and for the rest he seems

to have nothing to do but to take the world as he finds

it. The voice of nature to which he listens is' for him
not his own voice but the voice of a stranger, and it does

not occur to him to reflect that nature could not speak to

any one but a consciouj^self. Sis business is to determine

things as they present themselves, to enumerate their

qualities,.to measure their quantities ; and his logic accord-

ingly is a logic governed by the idea of the relative com-
prehension and extension of the things which he thus

names and classifies. Such an analytic logic seems to be

all that is necessary, because the only predicates by which

things are as yet determined are those which are involved

in their presence to us in perception, and as perceived they

seem to be at once given in all their reality to the mind
that"apprehends them.

A step is taken beyond this- first naive consciousness of

things, whenever a distinction is made between appearance

and reality, or whenever it is seen that the things perceived

are essentially related to each other, and that therefore they

cannot be known by their immediate presence to sense, but

only by a mind which relates that which is, to that which

is not, immediately perceived. If " the shows of things are

least themselves," we must go beyond the shows in order to

know them ; we must seek out the permanent for that

which is given as transient, the law for the phenomenon,
the cause for the effect. The process oC thought in kriow

ledge therefore is no longer lost in its immediate cbject,

out is, partly at least, distinguished from it. For just in

proportion as the reality is separated from the appearance

does the kno'wer become conscious of an activity of his own
thought in determining things. From this point of view

nature is no longer an object which spontaneonsly reveals

itself to us, but rather one which hides its meaning from

a?, and out of which we must wring its secret by persistent

questioning. And, as this questioning process obviously
has not its direction determined purely by the object itself

it becomes manifest that the mind must bring with it the
categories by which it seeks to make nature intelligible.

To ask for the causes of things, or the laws of things, pre-
supposes that the immediate appearance of them does not
correspond to an idea of reality which the mind brings
with it, and by which it judges the appearance. Nature
is supposed to be given to or perceived by us as a multi-
tude of objects in space passing through successive changes
in time ; and what science seeks is to discover a necessity
of connexion running through all this apparently contingent
coexistence and succession and binding it into a system.
Science, therefore, seems to question nature by means of
an idea of the necessary interdependence and connexion of
all things, as parts of one systematic whole governed by
general laws—an idea which it does not get' from nature,
but which it brings to nature. Hence the logic in which
this process of investigation expresses its consciousness of

itself will be a synthetic logic, a logic built on certain prin-
ciples which are conceived to be independent of experience,

and by the aid of which' we may so transform that experi-

ence, so penetrate into it or get beyond it, as to find for it

a better explanation than that which it immediately gives of

itself. The Posterior Analytic, in which Aristotle brings in

the idea of cause to vivify the syllogistic process, or supply a
real meaning to it, may already be regarded as a first essay

in this direction. And the theory of inductive logic, as

explained by Bacon and his successors down to Jlill, is a

continuous attempt to determine what are the principles and
methods on which experience must be questioned, in order

to extract from it a knowledge which is liot given jn im-

mediate perception.

It was, however, Hume v.'ho first brought into a clear

light the subjectivity of the principles postulated in this

logic, and especially of the principle of causality, which is

the most important of them. In thus contrasting the sub-

jectivity of the principles' of science with the objectivity

of the facts to which they are applied, it was his intention

to cast doubt on the science which is based on the applica-

tion of the former to the latter. The principles, he main-

tains, are not legitimately derived from the facts, therefore

they cannot legitimately be used to interpret them. They
are due to the influence of habit, which by an illegitimate

process raises frequency of occurrence into the universality

and necessity of law, and so changes a mere subjective

association of ideas into an assured belief and expectation

of objective facts. The answer given by Kant to this

sceptical criticism of science involved a rejection of that

very opposition of subjective and objective upon which it

was based. Without necessary and universal principles,

the experience of things as qualitatively and quantitatively

determined objects, coexisting in space and passing

through changes in time (or even the determination of the

successive states of the subject as suceessive), would itself

have Ibeen impossible. Hence necessity of thought cannot

be derived from a frequent experience of such objects. It

is true that the determination of things as permanent sub-

stances reciprocally acting on each other, according to uni-

versal laws, goes beyond the determination of them as

qualified and quantified phenomena in space and time.

But both determinations are possible only through the

same a priori principle, and we cannot admit the former

determination without implicitly admitting the latter.^ As,

therefore, it is through the necessity and universality^ of

thought that objects exist for us, even before the application

to them of the principles of scientific induction', and as the

AppHcation of those principles is only a further step in

that a priori synthesis which is alreaxly involved in the

perception of these objects, we have no reason for treating
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the former kind of synthesis as objectively valid which

does not equally apply to the latter.

This vindication of the principles of induction has, how-

ever, a further consequence, which was not clearly seen by

Kant. It is fatal to the antithesis of the " given " and

the " known," of what is perceived and what is conceived,

of natura malericditer spedata and natura formaliier

tpectala, which he still admitted. For that antithesis

really rested on the idea that there is no universal and

necessary principle of determination of things involved in

the apprehension of them as qualified and quantified

phenomena in space and time. So soon, therefore, as it is

seen that there is such a principle, and that the first deter-

mination of things as objects of perception is due to the

same a priori synthesis which determines them in the

second place as objects of experience, the ground for that

contrast between reality and appearance on which Ihe

theory of induction rested is taken away. Kant, indeed,

finds a new meaning for that contrast by interpreting it as

^erring, not to the opposition between things as they are

given and things as they are known, but to a supposed

opposition between things as they are given and known in

experience and things as they are in themselves out of

experience. This new antithesis of reality and appearance,

however, only means that the former antithesis has broken

down, and that therefore the ideal of knowledge based

upon it has yielded to a new ideal. The so-called things

in themselves are noumena, the objects of an intuitive or

perceptive understanding, i.e., objects in which the contrast

of perception and conception, of given and known, is tran-

scended. We can make Kant's theory consistent only by

supposing him to mean that the conception of the world as

a system of substances determining each other according

to universal laws does not yet satisfy the idea of know-

ledge which reason brings with it. In other words, just

as science from tjie point of view of necessary law found

something wanting in the conception of the world as a

mere complex of quantified and qualified phenomena in

space and time, so philosophy, in view of a still higher ideal

of knowledge, may condemn the conception of the world

as a system of objects determined by necessary laws of

relation as itself inadequate and imperfect. And we have
seen that this higher ideal is -that which is involved in

the unity of self-consciousness. Unfortunately Kant was
unable, as Aristotle had been unable, to distinguish this

idea from the idea of an abstract identity in which there

is no room for oven a relative difference of perception and
conception, and therefore the perceptive understanding was
named by him only to be rejected.

If, however, we correct this inadequacy of Kant's state-

nient, as his later works enable us partly to correct it,

we see that it involves a new idea of knowledge and a new
logic,—a logic governed by the idea of organic unity and
development, just as the analytic logic had been governed
by the idea of identity, and as the inductive logic had been
governed by the idea of necessary law. For, if the unity

of self-consciousness be our type of knowledge, truth must
mean to us, not the apprehension of objects as self-identical

things, distinguished from each other in quantity and
quality, nor even the determination of such things as

standing in necessary relations to each other. It must
mean the determination of the world (and of whatever in

it is in any sense an independent reality, so far as it is so

independent) as a unity which realizes itself in and through

djfiereace, a unity which is indeed determined, but deter-

mined by itself. In a view of the world which is governed
by this category, correlation must be reinterpreted as

organic unity, and causation as develojiment. Its logical

method must be neither analytical nor synthetical, or

rather it must be both at once, i.e., it must endeavour to

exhibit the process of things as the evolution of a unity

which is at oni.'O self-differentiating and self-integrating,

which manifests itself in difference, that through difference

it may return upon itself. Further, 'as this logic arises

sini|>Iy out of a deeper consciousness of that which was
contained in the two previous logics, so it first enables us

to explain them. In other words, the advance from the

anal.ytic to the inductive logic, and again from the inductive

to what may be called the genetic logic, may itself be

shown to be a self-determined development of thought, in

which the first two steps are the imperfect manifestation

of a principle fully reveared only in the last step. The
consciousness of self-identical objects, independent of each

other and of thought, is thus only the beginning of a pro-

cess of knowledge which reaches its second stage in the

determination of these objects as essentially related to each

other, and which finds its ultimate end in the knowledge

of the correlated objects as essentially related to thi mind
that knows them. Or if, in this last point of view, things

are still conceived as having a certain relative independence

of the mind, it can only be in so far as they are in the

Leibnitzian sense monads, or microcosms,

—

i.e., in so far as

they are self-determined, and so have, in the narrower circle

of their individual life, something analogous to the self-

completed nature of the world, svhen it is contemplated in

its unity with its spiritual principle.

Such a genetic logic is inconsistent with any absolute

distinction between \h.Q a priori iivd a poslerion element

in knowledge. For here the a pn-iori is not simply a law

of necessary connexion to be applied to an external matter,

but a principle of organic development, a principle which,

from the very nature of it, cannot be applied to a foreign

matter. To treat the world as organic is to apply to it a

category which is inconsistent with its being something

merely given or externally presented to thought. The
relation of things to thought must itself be brought under

the same category of organic unity which is applied to the

relation of things to each other in the world, other^vise the

externality of the world to the thought for which it is will

contradict the conception of the world as itself organic.

Hence the distinction of a priori and a posieriori, so far as

it is maintained at all, must shrink to something secondary

and relative. It can be jnaintained only as a distinction

of thought from its object, which presupposes their ultimate

unity. From this point of view logic may be E^id to deal

with the a priori, in so far as it treats the general conditions

and methods of knowledge without reference to any parti-

cular object. Logic must exhibit abstractly the process by

which the intelligence establishes its unity with tbo intelli-

gible world ; or, to put it in another way, it must demon-
strate that the being of thinc^ cai be truly conceived only

as their being for thought. It is limited to the a^jrt'ort, in

the sense that it ends with the idea that the esse of things

is their intelligi, and does not consider how this real

intelligence or intelligible reality manifests itself in the

concrete world of nature and spirit.

In this sense logic cannot be separated from metaphysic
if metaphysic be confined to ontology. They are simply

two aspects of one science, which we may regard either as

determining the idea of being or the idea of knowing.
The process of knowing is never really a formal process; it

always involves the application of certain categories, and
these categories are simply successive definitions of being

or reality. We cannot separate the category from the

movement of thought by which it is evolved and applied,

nor the transition from lower to higher categories from
changes of logical method. Hence a logic divorced from
metaphysic inevitably becomes empty and unreal, and a

metaphysic divorced from logic reduces itself to a kind of

dictionary of abstract terms, which are put in no living
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relation to each other. For such a logic and such a meta-

physic must rest on the assumption of an absolute division

between being and thought, the ve>y two terms the unity

of which it raust be the utmost object of both logic and
metaphysic to prove and to produce.

4. The Rdaiion of Metaphysic to Philosophy of Religion.

—The possibility of a " first philosophy," as we have

already seen, is essentially bound up with the possibility

of what we may call a last philosophy. It is only in so

Far as we can rise above the point of view of the individual

ftnd the dualism of the ordinary consciousness—in so far,

in other words, as we can have at least an anticipative

consciousness of that last unity in which all the differences

of things froTn each other md from the mind that knows
them are explained and transcended—that we are able to

go back to that first unity which all these differences pre-

suppose. The life of ipan begins with a divided conscious-

ness, with a consciousness of self which is opposed to the

consciousness of what is not-self, with a consciousness of a

multiplicity of particulars which do not seem to be bound
together by any one universal principle. Such division

and apparent independence of what are really parts of one

whole is characteristic of nature, and in spirit it is at first

only so far transcended that it has become conscious of

itself. A conscious difference, however, as it is a difference

in consciousness, is no longer an unmediated difference.

It is a difference through which the unity has begun to

show itself, and which therefore the unity is- on the way to

subordinate. And aU the development of consciousness

and self-consciousness is just the process through which

this subordination is carried out, up to the point at which

the difference is seen to be nothing but the manifestation

of the unity. Just so far, therefore, as this end is present

to us,—so far as we are able to look forward to the solution

or reconciliation of all the divisions and oppositions of

which we are conscious and to see that there is an all-

embracing unity which they cannot destroy,—is it possible

that we should look back to the beginning or first unity,

and recognize that these divisions and oppositions are but

the manifestations of it. Thus the extremes of abstractness

and of concreteness of thought are bound up together. The
freedom of intelligence by which we get rid of the complexity

of our actual life, and direct our thoughts to the simplest

and most elementary conditions of being and knowing, is

possible only to those who are not limited to that life, but

can regard it and all its finite concerns from the point of

view of the infinite and the universal. In this sense it is

true that religion and metaphysic spring from the same
source, and that it is possible to vindicate the rationality of

religion only on metaphysical principles. The philosophy

of religion is, in fact, only the last application or final

expressioii of metaphysic; and, conversely, a metaphysic

which is not capable of furnishing an explanation of religion

contradicts itself.

This last remark aff'ords us a kind of criterion of a true

metaphysic. Can it or can it not explain religion 1 If it

cannot, it must be equally unable to explain its own possi-

bility, and therefore implicitly it condemns itself. Thus a

pantheistic system, which loses the subject in the absolute

substance, cannot explain how that subject should appre-

hend the substance of which it is but a trar^sitory mode, nor,

on the other hand, can it explain why the substance should

manifest itself in and to a subject. And the same criticism

maybe madeonalltheoriesin which thefirst or metaphysical

unity is abstractly opposed to the manifoldness and con-

tingency of things. Not only of Spinoza, but also of Kant,

of Fichte, and even of Schelling, it might with some truth

be said that their absolute is like the lion's den, towards

which all the tracks are directed, while none come from it.

It is essential that the first unity should be such as to

explain the possibility of difference and division, for, if it

is not, then the return to unity out of difference is made as
accidental as the difference itself. When Aristotle repre-

sented the Divine Being as pure self-consciousness, pure
form without matter, he found himself unable to account
for the existence of any world in which form was realized
in matter, ^^^len therefore he speaks of the process of
the finite world by which it returns to God, and attributes

to nature a will, which is directed to the good as its final

cause, his theory seems to be little more than a metaphor
in which the analogy of consciousness is applied to the
unconscious. For, if the Divine Being is not manifested
in the world, any tendency of the world to realize the good
becomes an inexplicable fact. A similar difficulty is, as

we saw, involved in Kant's confusion of the bare identity

of understanding with the absolute unity of knowledge.
Reducing the unity of self-consciousness to such a bare
identity, Kant could not be expected to see, what Aristotle

had not- seen, that pure self-consciousness is essentially

related to anything but itself. Hence the various attempts
which he made in his ethical works and in his Criticism of
Judgment to find a link of connexion between the noumenal
and the empirical were necessarily condemned even by him-
self as the expressions of a merely regulative and subjective

principle of knowledge. Even Fichte, who found in the

thought, which is for him. the prius of all existence, a

principle of differentiation and integration which explained

how self-consciousness in us should be necessarily correlative

with the consciousness of a world, was unable to free him-

self from the Kantian opposition of a noumenal identity

in which- there is no difference to a phenomenal unity

which is realized in difference. Hence by him also the

return out of difference is regarded as an impossibility, or

as a processus in infinitum, and the absolute unity as that

which is beyond all knowledge, and only apprehended by
faith.

If we look to completely elaborated theories, and dis-

regard all tentative and imperfect sketches, it may fairly

be said that all that . has as yet been done in the region of

pure metaphysic is contained in two works, in the Meta-

physic of Aristotle and the Logic of Hegel. And up to a

certain point the lesson which th«y teach is one and the

same, viz., that the ultimate unity which is presupposed

in all differences is the unity of thought with itself, the

unity of self-consciousness, and that in this unity is con-

tained the type of all science, and the form of all existence
;

in other words, 1 = 1 is the formula of 'the universe.. The

difference between these two works has, however, already

been indicated. • With Aristotle, because he neglects the

essential relation of self-consciousness to consciousness, or

of the conscious self to the world of objects in space and

time, the unity of self-qonsciousness tends to pass, as it did

pass with the Keo-Platonists, into a pure identity without

difference. In the Hegelian logic, on the other hand, self-

consciousness is interpreted as a unity which realizes itself

through difference and the reconciliation of difference—as,

in fact, 3.n organic unity of elements, which exist only as

they pass into each other. In other words, it is shown

that the differentiating movement by which the subjective

and the objective self are opposed and the integrating

movement by which they are reunited are both essential

Hence we cannot think of the conscious self as a simple

resting identity, but only as an active self-determining

principle; nor can we think of its self-determination as a

pure affirmation of itself, without any negation, but only

as an aflirmation which involves a double negation--'an

opposition of two elements which yet are essentially united.

Each factor in this unity, in fact, is necessarily conceived

as passing beyond itself into the other; the subject is

subject only as it relates itself to the object, the obiect if
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object only as it relates itself to tbe subject. It is this

tension against each other of elements which yet are corre-

lated and indissolubly united, this self-surrender to each

pther of elements which yet are maintained in their distinc-

tion, which constitutes the organic unity of thought in

itself, and separates it from the mere abstract unity of

mysticism. AVTien, however, the concrete or self-differen-

tiating character of the unity of self-consciousness is appre-

hended in this way,—so that it is impossible to confuse its

indivisible unity with the simplicity of that which is one

merely because it has no differences in it,—the problem of

the relation of pure self-consciousness to the world in space

ind time ceases to be insoluble. Thought, as it is seen to

bave difference in itself, is no longer irreconcilable with

•he world of difference ; nor is it necessary to introduce a

foreign v/\7 to make their connexion intelligible. For, as

thought is a principle of difference as well a,s of unity, of

analysis as well as of synthesis, and as it cannot realize

itself in its unity except through the utmost development

of difference, abstract self-consciousness, with its transparent

or. merely ideal difference, cannot be its ultimate form.

On the contrary, the consciousness of seM is possible only

in distinction from, and in relation to, a world of objects.

In other words, the unity of the thinking subject pre-

supposes, not merely the opposition of the subjective and
the objective self, but also the opposition of the self in its

pure self-identity to a world of externality and differense.

The pure intelligence, which is the j>rius of all things, must
not, therefore, be regarded—as Aristotle regarded it—as

merely theoretical, but also as practical. It must be con-

ceived as a living principle, a principle which only in self-

manifestation can be conscious of iiself, and to the very

nature of which, therefore, self-manifestation is essential.

In this way Hegel—just because he grasped the concrete

character of the unity of thought in itself—was enabled to

understand the necessary unity of thought or self-conscious-

ness with the world, and to heal the division of phvsics

from metaphysic, which Aristotle had admitted.

Schelling and others who have raised objections to the

Hegelian method have specially directed their criticisms

against this transition from logic to the philosophy of

nature, from pure self-consciousness to the external world

in space and time. In doing so, they have practically

fallen back upon the Aristotelian theory, with its opposition

of God, as pure form, to the finite world. But this in effect

is to deny that " the real is the rational " or intelligible,

and to introduce into the world, as the ground of its

distinction from reason, a purely irrational or contingent

element. A modern follower of Schelling's later positive

philosophy only draws the necessary consequence from this

view when he teaches the pessimist creed that the highest

good is the negation <Jt extinction of the finite. Nor can
vye wonder that the same writer who denies that the

absolute self-consciousness is essentially related to or

manifested in the world should proceed to reduce this

)elf-consciousness to a mystic identity which comes out of

itself and becomes self-conscious only by an inscrutable

icr of will. The fact, indeed, that those who deny the

possibility of a rational transition from self-consciousness

to the world are forced by the logic of their position to

(reduce seK-consciousness to an abstract identity may be
regarded as a kind of indirect proof that the principle of

lelf-consciousness, truly conceived, does involve that transi-

iion. Another step in the same direction may be made if

we consider how the Cartesian philosophy treated the same
opposition, which it also regarded as absolute. By
Descartes mind and matter, thought and extension, are

defined as abstract opposites, every quality of each finding

its contradictory counterpart in a quality of the other,

innd is a pure self-determined unitv. which is as it knows

itself and knows itself as it is, which has no discretion of

parts or cajjacity of division or determination from without,

ilatter is essentially discrete or infinitely divided ; it is a

pure passivity;' and all its determination comes to it from

without. The world is therefore, as it were, " cut ip two

with a hatchet," divided into two unrelated existences,

which are held together only by the will of God. .S[)inoza

cuts the knot, and avoids the arbitrariness of this solution,

by treating extension and thought as two attributes

separated only in respect of our intelligence, but each

expressing fully the absolute substance.'' And something

Lke the same view has been revived in recent times, by

writers like Lewes and Mr Spencer, who speak of, feelings

and motions as two opposite "aspects" oCthe same fact.

When we ask, however, for ivhoni these attributes or

aspects are a unity, it becomes clear that the intelligence

which is regarded as stauding on one side of the dualism

must also be taken as transcending it, and relating the two

sides to each other. Moreover, the correspondence of the

two attributes upon which Spinoza insists and their contra-

riety upon which Descartes insists, when taken together,

give us the idea of a correlative opposition, i.e., of an opposi-

tion of elements which yet are necessary to each ether.

If, therefore, they cannot be simply identified as Spinoza

identifies them, yet they need no external bond such as

Descartes introduces to combine them ; for they cannot

exist apart fronl each other. Their opposition is held

within the limits of their unity, and is no absolute con-

tradiction, but rather an opposition which exists only as it

is transcended. In other words, it is an abstract opposi-

tion, i.e., it is an opposition of elements which seem to be

irreconcilable till it is observed that they are correlative,

that each exists or has a meaning only as it relates itself

to, or passes out of itself into, the other, and that each,

held in its abstTactidn and separation from the other, loses

all the 'meaning that it seemed to have. For, as in an

organic body each member or organ lives only in tension

against the others, yet only as continually relating itself to

the others, so the utmost opposition of mind to matter, of

the intelligence to the intelligible world, presupposes their

unity, and is only the realization of it.

There is here, however, something more than an ordinary

case of correlation, for in this unity of opposites mind
appears twice, once as one of the opposites, and again

as the unity which transcends the opposition. This

ambiguity becomes most obvious in theories like that of Mr
SpenceV, who speaks of " two consciousnesses," which cannot

be resolved into each other, but 'yet which strangely form

inseparable parts of one and the same consciousness. What,
however, is really involved in such a statement is that tbe

external svorld, which in the first instance presents itself

as absolutely opposed in nature to the subject whose object

it is, is yet one with that subject, and that therefore the

antagonism of mind to its object is only the last differentia-

tion through which it realizes its unity with itself. In

Hegel's language, that which presents itself as other than

mind is lis other—"an other which is not another," whose
difference and opposition to itself it overreaches and over-

comes. We must, therefore, regard the independence and

externality of nature, its indifference, and even, as it seem.s,

opposition, to the development of the moral and intellectual

life of man, as merely apparent. For man, in this point

of view, is not merely one natural being among others, but

the being in whom nature is at once completed and
transcended. If, therefore, at first he appears to stand

in merely accidental and external relations to the other

existences among which he finds himself, yet the whole
process of his life—the process by which he comes to know
the external world, and by which, reacting upon it, be
makes it tbe means to the realization oC individual and
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tociA life of his own—is the negation of this contingency
and externality. In all this process he is showing himself

to be a being who can only know himself as he knows the
objective world, and who can only realize himself as he
makes himself the agent of a Divine purpose, to which all

things are contributing

Such an idea of man's relation to the world is necessarily

involved in any theory that goes beyond that subjective

idealism or sensationalism which denies to him every

object of knowledge except his own states of feeling, and
•very end of action except his own pleasures and pains.

Hecent speculation, indeed, has suggested a compromise by
which this dilemma is supposed to be evaded, and mankind
arb represented as forming an organic unity in themselves,

though they are still conceived as standing in an external

and accidental relation to nature, the forces of which by
their knowledge and skill they have subdued and are more
and more subduing to their service. Such a compromise
we find in the philosophy of Comte, the first writer who,
starting from an apparently empirical basis, was able to

break through the individuaiistic prejudices of the school of

Locke. In the latter volumes of his Positive Philosophy,

stiU more in his Positive Folitics, Comte so far transcends

individualism as to deny the externality of men to each

other, and to declare that " the individual, as such, is an
abstraction," and that in reality he cannot be separated

from the social organism, which is thus not merely an
extraneous condition of his development, but essential to

his very existence as man. Thus individual men exist

only through the universal—through the spirit of the

family, of the nation, of humanity, which manifests itself

in them as a principle of life and development. Yet this

organic unity, according to Comte, is in contact with a
world which in relation to it is external and contingent.

Nature has not its final cause in man, but on the contrary is,

at first, rather his enemy ; and it is to humanity itself that

the praise is due if to a certain extent the enemy has been
turned into a servant. The unity of life which manifests

itself in humanity cannot therefore be considered as a
universal principle, as the principle of the whole universe,

but simply as the principle of the limited existence of man,
which is hemmed in on every side by external and, in the

main, unknown conditions. If humanity therefore is an
organism, it is an organism existing in a medium which in

reference to it is inorganic, i.e., m a medium which has no
essential relation to the life which animates man.

It is obvious, however, that this theory -is an illogical

Bttem]it to find a- standing ground between two opposite

philosophies,—between the philosophy which treats man
merely as a naturalindividual, placed among other individual

beings and things, and which therefore regards his relation

to the)i as something accidental and external, and the philo-

sophy which treats him as a spiritual subject, a conscious

and siJ f-conscious being, and regards him therefore as having

no merely external relations either to other men or to nature.

Comte shrinks from regarding the world without us as the

manifestation of thit spiritual principle which is also within

us, which constitutes our very nature as individual men,
and therefore connects us with the world at the same time
that it separates us frora it. Yet he recognizes the

existence in us of a principle which is so far universal that

it constitutes a community between all men. He thinks

that the individual can transcend himself, so far as to see

all things, not indeed from a Divine point of view, sub

specie seternitatis, but from the point of view of universal

humanity, and that in conformity with this theoretical

consciousness, he can live a practical life of altruism, i.e..

a life in which he identifies his own good with the good of

humanity. But the philosophy that has gone so far must 1

logically go further. It is impossible to treat humanity as

an organism without extendi .ig the organic idea to the con-
ditions under which the social life of humanity is developed.'
The medium by aid of which, or in reacting against
which, the organized being maintains itself is an essential

part of its life ; it remains organic only in so far as it can
mould itself to its conditions, and its conditions to itself.

This is true even of the animal organism in relation to its

small circle of conditions, which, however, is part of a
larger circle to which the animal has no relation. But a
conscious being is a universal centre of relation.! ; there is

nothing which it, as conscious, cannot make part of its own
life. Hence the application of the organic idea to it in-

volves its application to the whole world. And, if the
recognition of a universal principle manifested in humanity
naturally led Comte to the idea of the worship of humanity,
the recognition of a universal principle manifested in man
and nature alike must lead to the idea of the worship of
God.

The rationality of religion, then, rests on the possibility

of an ultimate synthesis in which man and nature are
regarded as the manifestation of one spiritual principle.

For religion involves a faith that, in our efforts to realize

the good of humanity, we are not merely straining after

an ideal beyond us, which may or may not be realized, but
are animated by a principle which within us and without
us is necessarily realizing itself, because it is the ultimate

principle by which all things are, and are known. This
absolute certitude that we work effectually because all the
universe is working with us, or, in other words, because

God is working in us, can find its explanation and defence
only in a philosophy for wh'ch " the real is the rational,'

and the rational is the real." And such a philosophy,'

beginning with the Kantian doctrine that existence means
existence for a spiritual or thinking subject, must go on
to prove that that only can exist for such a subject which
is the manifestation of thought or spirit ; and, conversely,

that spirit or intelligence is essentially self-manifesting, or,

in other words, that it cannot be conceived except as

standing in essential relation to an external and material

world. Finally, if nature be thus regarded as a necessary

manifestation of spirit, it can be opposed to spirit only in

so far as spirit in its realization becomes opposed to itself.

In other words, nature must be regarded as, from a higher

point of view, included in spirit. Nature exists that it

may show itself to be spiritual in and to man, who
transcends it yet implies it, who finds in it the necessary

basis of his thought and action, but only that he may build

upon it a higher spiritual life.

Kature is made better by no mean
But nature makes that mean : so over the art

Which, you say, adds to nature is an art

Which nature makes."

Only the order of precedence suggested by these words

must be inverted. For, as nature only is for spirit, so

the spiritual energy which reacts upon nature is that

which manifests for the first time what nature in reality

is. It is the consciousness of this

—

i.e., of the identity of

that which is realizing itself within and without us,—the

consciousness that the necessity which is the precondition

of our freedom is the manifestation of the same spirit

which makes us free—which turns morality into religion.

For it is this alone which enables us to regard the realization

of the highest ends of human life as no mere happy accident,

or as a conquest to be won by the cunning of man from an

unfriendly or indifferent destiny, but as the result towards

which all things are working.

In this philosophy, which finds its most adequate

expression in the works of Hegel, there are two things

which may be distinguished—the general idealistic Tiew of

the world, and the dialectical movement of thought in
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which Hegol develops and expresses it. And there are

perhaps manj' at the present time who are prepared to

accept the former, but who yet suspect, or even reject, the

latter. And no doubt there is much in Hegel's Logic and

Philosophy of Spirit, and still more in .his Philosophy of

Nature, which there is reason to regard \4ith distrust.

In clever hands that are not checked by a sufficient con-

sciousness of the whole, the Hegelian dialectic may be

made into the means of producing a seeming proof of any-

thing. Nor is it always easy to determine how far Hegel

himself was tempted by an impatient consciousness of the

universality of his method to employ it in cases where the

conditions of its successful application were wanting.

Sometimes he seems to forget, what he himself teaches, that

science must first have generalized experience and deter-

mined it by its finite categories, ere it is possible for

philosophy to give its final interpretation. Yet, when we
realize the nature of that interpretation, and of the trans-

formation of science which philosophy by means of it

proposes to effect, it becomes clear that the dialectic of

Hegel is no e.xtraneous addition to his idealism, but ia part

ind parcel of the same movement of thought. For this

dialectic rests on the idee that thought or self-conscious-

ness finds in its own organic unity the ultimate key to all

difficulties in regard to the objects of thought and their

relations to each other and to the mind. Self-consciousness,

as has been already shown, is implicitly the whole web
of categories which it throws over the world, and by aid

of which it makes the world intelligible. All these it

contains in itself; and, as it proceeds to determine the

meaning of things, it simply produces its store, and
exhausts itself on the object. Now, if it be idealism, in the

strict sense of the word, to make thought or self-conscious-

ness the principle and ultimate explanation of all that

exists, it is obvious that we cannot separate idealism from
Buch a dialectic as this, which is nothing more than the

mind's consciousness of its own movement or process of

eelf-affirmatioa If to find thought in things be more than
an empty word, then the movement or process which
thought is must explain at once the transition from
thought to what in opposition to it we call " things," and
must give us the means of reconciling that opposition. In
other words, the same movement by which thought deter-

mines itself as self-conscious, i.e., as a unity realized through
difference, must also be conceived as the explanation of the

difference between pure thought and the world, and as the
solution of that difference in the idea of absolute spirit.

Such idealism has a close relation to Christianity ; it may
be even said to be but Christianity theorized. It has often"

been asserted that Hegel's philosophy of religion is but an
artificial accommodation to Christian doctrine of a philo-

sophy which has no inherent- relation to Christianity. If,

however, we regard the actual developnient of that philo-

sophy it would be truer to say that it was the study of
Christian ideas which first produced it. What delivered

Hegel from the mysticism in which the later philosophies

of Fichte and Schelling tended to lose themselves, and led

him, in his own language, to regard the absolute "not
merely as substance but as subject,"—what made him
recognize with Fichte that the absolute principle is spiritual,

and yet enabled him with Schelling to see in nature, as
the opposite of spirit, the very means of its realization,

—

was his thorough appreciation of the ethical and religious

meaning of Christianity. In the great Christian aphorism
that "he who loseth bis life alone can save it" he found
a key to the diffici Ities of ethics, a reconciliation of

hedonism and asceticism. For what this saying implies

is that a spiritual or self-conscious being is one who is in

contradiction with himself when he makes his individual

lelf his end. In opposing his own interest to that of

] others, he is preventing their interests from becoming his

;

all things are his, and his only, who has died to himself.

But if this be the truth of morality, it is something more,

for " morality is the nature of things." We cannot separate

the law of the life of man from the law of the world in

which he lives. And, if it is the nature of things, as it va

the nature of spirit, that he who loseth his life shall save

it, the world must be referred to a spiritual principle, and
the Christian doctrine of the nature of God is only the

converse of the Christian law of ethics. To Hegel, starting

from this point, a new light was .thrown on the Fichtean

treatment of the idea of self, and the Fichtean proof that the

consciousness 0/ self implies a relation to an object which

is opposed to .the self, and which yet from another point

of view—since an object exists only for a subject—cannot

be anything but an element of -its own life. It was seen

that this movement of thought is no mere fluctuation

between contradictory positions, to be terminated finaUy by
an ijise dixit of faith, but that the unity of the opjiosite

elements is apprehensible by the intelligence, and that

indeed it is its presence to the intelligence which makes
the consciousness of opposition possible. It was in this

sense that Hegel could say that that unity of opposites

which had been called unintelligible by previous WTiters

was just the very nature of the intelligence, and that only

a view of the world guided by this idea could be properly

intelligible, while every other view must contain in it

an unsolved contradiction, an element that remains per
manently impervious to thought.

,

The great objection to a metaphysic like this, at least

an objection which weighs much in the minds of many,
is that which springs from the contrast between the claim

of absolute knowledge v/hich it seems to involve and the

actual limitations which our intelligence encounters in

every direction. If the theory were true, it is felt we
ought to be nearer the solution of the problems of our

life, practical and speculative, than we are ; the riddle of

the painful earth ought to vex us less; we ought to

find our way more easily through the entanglement of

facts, and to be able to deal with practical difficulties in a

less tentative manner. Yet there is really no antagonism

between such a doctrine and a consciousness of the limita-

tion of our faculties; nay rather, it is only on such a

theory that a rational distrust of ourselves can be based.

When Aristotle meets the warning that we should think

finite and human things since we are finite and human
with the answer that we ought rather, so far as in us lies,

to rise to what is immortal and divine, he is not denying

the limits of man's knowledge and power ; on the contrary,

he is rather pointing to the very principle which makes us

conscious of those limits ; for it is just because there is in

man a principle of infinity that he knows his finitude, and,

conversely, it is just in the consciousness of this finitude that

he rises above it. A rational humility is possible only to

one who has in himself the measure of his own weakness,

and who, if he " trembles like a guilty thing surprised," is

yet conscious that he is trembling before himself. 'This

truth is often expressed by Kant with special relation to

the moral consciousness, as where he contrasts the limitation

of man, as a sensible being, occupying an infinitesimal space

in the boundless world of sense, with his freedom from all

limitation as a personal self, a member of the truly infinite

world of intelligence. But it is not necessary to adopt
Kant's abstract division of the sensible from the intelligible

world to see that the consciousness of the greatness of th?

problem which has to be solved in human life and thought
is deepened and widened by that very idea of philosophy
which yet gives us the assurance that the problem is

not insoluble, and even that, la principle, it is already

solved. (e. g.)
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MiTAPONTUM, or IIetapontium (the firat form is that

generally found in Latin writers, but Thucydides, Strabo,

and other Greek authors employ the latter form), was a

city of Magna Grjecia situated on the Gulf of Tarentum,

near the mouth of the river Bradanus, and distant about

24'D.ile3 from Tarentum and 14 from Heraclea. It was

founded by an Achscan colony about 700 B.C., though

various traditions existed which assigned it an earlier

origin. But according to the only historical account it

was a joint foundation from Sybaris and Crotona, to

which, as usual in similar cases, was joined a body of frssh

settlers from ths mother country, under the command of a

leader named Leucippus. The object of its establishment

was without doubt to strengthen the Achaean elemeirt in

Magna Grsecia, as opposed to the increasing power of the

Tarentines, but at the same time to occupy a territory

which was remarkable for its fertility. It was to this

«ause that Metapontura owed the great prosperity to which

it attained at an early period, and appears to have continued

to enjoy for several centuries, though it never assumed a

prominent place in history. It wa.i, however, one of the

cities that played a conspicuous part in the political troubles

arising from the introduction of the Pythagorean principles

into the cities of Magna Grsecia, and it was there that the

philosopher himself ended his days.^ His tomb was still

shown there in the time of Cicero. ,

At the time of the Athenian erpedition to Sicily

(41.5 B.C.) Metapqptum appears to have been an opulent

and powerful city, whose alliance was courted by the

Athenians; but they contented themselves with a very

trifling support. In 332 B.C., a*, the time of the expedition

of Alexander, king of Epirus, into Italy, it was one of the

first cities to espouse his cause, and enter into an alliance

with him ; and they appear to have in like manner lent an

active support to Pyrrhus at a later period. Down to this

time, therefore, Metapontum seems to have retained its

position as one of the principal cities of MSgna Grsecia,

and Inhere is no evidence of its having suffered materiaUy

from the establishment of the Lucanians in its immediate
neighbourhood. Nor have we any account of the precise

periol at which it passed jinder the dominion of Rome, or

the o editions under which it became subject to the groat

republi*. But it was the Second Punic War which gave

the iaal blow to its prosperity. After the battle of Cannae

in 21o B.C. it was among the first cities in the south of

Italy (;j declare in favour of Hannibal, and after the fall of

Tarei\ium in 212 B.C. it not only received a Carthaginian

garriiiLn, but became for some years ihi headquarters of

Hannibal. Hence, when the defeat of Hasdrubal at the

Metaurus (207 b.c.) compelled him to abandon this part

of Italy, and withdraw into the fastnesses of Bruttium, the

whole i.iass of the inhabitants of iletapontuM abandoned
their city, and followed him in his retreat

From this time Metapontum sunk into a poor and. incon-

siderablft town ; though it was still existing as such in

the days of Cicero, it soon fell into complete decay, and
Pausanias tells us that in his time nothing remained of it

but a theatre and the circuit of the walls. All remains of

these have since disappeared, but the site is still marked
by the ruins of a temple, which occupy a slight elevation

on the right bank of the river Bradanus, about 2 miles

from its mouth. The surrounding plam, so celebrated m
ancient times for its fertility, is now desolated by malaria,

and almost uninhabited ; and the remains of the city itself,

between the site of the temple and the sea, are in great part

buried in the alluvial deposits of the neighbouring rivers.

^ Some excavations were carried on upon the spot by the

Due de Luynes in 1828, and the results of his researches

were published by him in a special work (3/eJapon<e, fol,,

Par,^, 1833).

METASTASIO (1698-1782). Pietro Trapassi, the
Iifalian poet who is better kno^vn by his assumed name of

Jletastasio, was born in Rome, January 6, 1698. His
father, Felice Trapassi, a native of Assisi, came to Rome
and took service in what was termed the Corsican regiment
of the papal forces. He subsequently married a Bolognese
woman called Francesca Galasti, and established himself

tn business as a sort of grocer in the Via dei Cappellari.

Two sons and two daughters were the fruit of this marriage.

The eldest son, Leopoldo, must be mentioned, since he
played a part of some importance in the poet's life.

Pietro, while quite a child, showed an extraordinary talent

for improvisation, and often held a crowd attentive in the

streets while he recited impromptu verses on a given subject.

It so happened that, while he was thus erhgaged one evening
in the year 1709, two men of high distinction in Roman
society passed by and stopped to listen to his declamation.

These were Gian Vincenzo Gravina, famous for legal and
literary erudition, famous no less for his dictatorship of the

Arcadian Academy, and Lorenzini, a critic of some 'note.

Gravina was at once attracted by the boy's poetical talent

and by his charm of person ; for little Pietro was gifbed

with agreeable manners and considerable beauty. The
great man intwested himself in the genius he had accident'

ally discovered, made Pietro his protegi5, and in the cours*

of a few weeks adopted him. Felice Trapassi was glad
enough to give his son the chance of a good education and
introduction into the world under auspices so favourable.

Gravina, following a fashion for which we may find pre-

cedents so illustrious as that of Melanchthon, HeHenized
the boy's name Trapassi into Metastasio ; and this name
remained with him for life. Gravina intended his adopted

son to be a jurist like himself." He therefore made the boy
learn Latin and begin the study of law. At the same time

he cultivated his literary gifts, and displayed the youthful

prodigy both at his own house and in the Roman coteries.

Jletastasio soon found himself competing with the most
celebrated improvisatori of his time in Italy. Days spent

in severe studies, evenings devoted to the task of improvis-

ing eighty stanzas at a single session, were fast ruining

Pietro's health and overstraining his poetic faculty. At
this juncture Gravina had to journey into Calabria on

business. He took Metastasio with him, exhibited him in

the literary circles of Naples, and then placed him under

the care of his kinsman Gregorio Caroprese at a little place

called Scal&,. In country air and the quie£ of the southern

sea-shore Metastasio's health revived. It was decreed by
the excellent Gravina that he should never improvise a

line again. His great facility should be reserved for

nobler efforts, when, having completed his education, he

might enter into competition with poets who had be-

queathed masterpieces to the world.

Metastasio responded with the docility of aTiliant nature

to his patron's wishes. At the age of twelve, while attend-

ing to classical and legal studies, he translated the Iliad into

octave stanzas; and two years later he composed a tragedy in

the manner of Seneca upon a subject chosen from Trissino's

Italia Liberata—Gravina's favourite epic. It was called

Giustino. Gravina had it printed in 1713 ; but the play is

lifeless ; and forty-two years afterwards we find Jletastasio

writing to his publisher, Calsabigi, that he would willingly

suppress it. Caroprese died in 1714, leaving Gravina his

heir ; and in 1718 Gravina also died. Jletastasio inherited

from the good old man a property, consisting of house, plate,

furniture, and money, which amounted to 15,000 scudi, or

about £4000. At a meeting of the Arcadian Academy,

amid the tears and plaudits of that learned audience, he

recited an elegy on the patron who had been to him so true

a foster-father, and then settled down, not it seems without

real sorrow for his loss, to enjoy what was no inconsiderable
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fortune at that period. Metastasio was now twenty.

During the last four years be had worn the costume of

ahhi, having taken the minor orders without which it was

then useless to expect advancement in Rome. His romantic

history, ])crsonal beauty, charming manners, and distin-

guished talents made him fashionable. That before two

years were out be had spent bis money and increased bis

reputation for -n-it will surprise no one. He now very

sensibly determined to quit a mode of life for which be

was not born, and to apply himself seriously to the work

of his profession. Accordingly be went to Naples, and

entered the ofhce of an eminent lawj-er named Castagnola.

It would appear that be articled himself as clerk, for

Castagnola, who was a stern master, averse to literary

trifling, exercised severe control over his time and energies.

\Vhile slavijig at the law. Metastatic did not wholly neglect

the iluses. In 1721 be composed an epithalamium, and

probably also his first musical serenade, Endiinione, on the

occasion of the marriage of his patroness the Princess

Pinelli di Sangro to the Marchese Belmonte Pignatelli.

But the event which fi.«d bis destiny was the following.

In 1V"22 the birthday of the empress bad to be celebrated

with more than ordinary honours, and the viceroy applied

to Metastasio to compose a serenata for the occasion. He
accepted this invitation with mingled dehght and trepida-

tion ; for Castagnola looked with no favour on his clerk's

poetical distractions. It was arranged that his authorship

should be kept a>profound secret. Under these conditions

Metastasio ]>roduced Gli Orti Esperidi. Set to music by
Porpora, it won the most extraordinary applause. The
great Roman prima donna, Marianna Bulgarelli, called La
Romanina from her birthplace, who had played the part

of Venus in this drama, was so enraptured with the beauties

of the libretto that she spared 'no pains until she bad dis-

covered its author. Asked point-blank whether be had
not written the words of the successful play, Metastasio

was obliged to answer, Yes ! La Romanina forthwith took

possession of bim, induced him to quit bis lawyer's office,

and promised to secure for him fame and independence, if

be would devote his talents to the musical drama. It was
thus that the opera, already partially developed by the

Csesarean poet, Apostolo Zeno, attained perfection. The
right man had been found for maturing this form of art

which the genius of the age demanded, but which was still

but incomplete. In La Romanina's house Metastasio

became acquainted with thegreatest composers of the day,

—

with Porpora, from whom he took lessons in music ; vnth
Hasse, Pergolese, Scarlatti, Vinci, Leo, Durante, Marcello,

all of whom were destined in the future to set his plays to

melody. Here too he studied the art of singing, and
learned to appreciate the style of sudi men as Farinelli.

His singularly pliant genius discerned the conditions which
the drama must obey in order ta adapt itself to music in

the stage it then had reached. Gifted himself with extra-

ordinary facility in composition, and with a true poetic

feeling, he found no difliculty in producing plays which,
while beautiful in themselves, judged merely as works of

literary art, became masterpieces as soon as their words
were set to music, and rendered by the singers of the
greatest school of vocal art the world has ever seen. Read-
ing Metastasio in the study, it is impossible to do him
justice Our only chance of rendering him a portion of

his due is to approach these lyrical scenes—so passionate

in their emotion, so cunningly devised for musical cflfect

—

with the phrases of Pergolese or Paesiello ringing in our
ears, and to imagine bow a Farinelli or a Caffariello voiced

those stanzas which demand for their artistic realization

the " linktd sweetness long drawn out " of melodies as the

Italian school developed them. In short, Metastasio is a

poet whose poetry leapt to its real life iu the environment

of music. The conventionality of a?i hisi plots, th*

absurdities of many of his situations, the violence he doea

to history in the persons of some leading characters, his

" damnable iteration " of the theme of love in all its

phases, are explained and justified by music. He can stiH

be studied with pleasure and ])rofit. But our only chance

of understanding the cosmopolitan pojmlarity be enjoyed

is by remembering that at least one half of the effect 1m
aimed at has been irrecoverably lost

Metastasio resided with La Romanina and lier husbar^l

in Rome. The generous woman, moved by an affection half

maternal half romantic, and by a true artist's admiration

for so rare a talent, adopted him more passionately even'

than Gravina bad done. She took the whole Trapassi

family—father, mother, brother, sisters—intolier own bouse.

She fostered the poet's genius and pampered his caprice*.

Under, her influence he T\Tote in rapid succession.. thle

Didone Ahhandonata, Catone in Uticn, Edo, Alessandro

neW Indie, Semiramide Ricoiiosciuta, Sifoe, and Aitaserse.

These dramas were set to music by the chief composers of

the day, and performed in the chief towns of Italy. Every
month added to Metastasio's renown. But meanwhile La
Romauina was growing older ; she had ceased to sing in

public ; and the poet felt himself more and more dependent
in an irksome sense upon her kindness. He gained 300
scudi (about £60) for each opera ; this pay, though good,

was precarious, and he longed for some fixed engagement.
Abandoning himself gradually to despondent whims and
fancies, it became clear that some change in bis condition

was desirable. And the opportunity for a. great change
soon presented itself. In September 1729 be received

the offer of the post of court poet to the theatre at Vienna,

with a stipend of 3000 florins. This he at once accepted.

La Romanina unselfishly sped him oil his way to glory.

She took the charge of his family in Rome, and he set off

for Austria.

In the early summer of 1730 Metastasio settled at

Vienna in the house of a Spanish Neapolitan, Niccolo

Martinez, where he resided until his death. This date

marks a new period in his artistic activity. Between the

years 1730 and 1740 his finest dramas, Adrinno, BciHiirio,

Issipile, Demofoonle, Olimpiade, Cleinen:a di Tilo, Achi/lt

in Sciro, Temistocle, and Attilio Hegolo, were i)roduced foi

the imperial theatre. Some of them had to be composed

for special occasions, with almost incredible rapidit) —the

Achille in eighteen days, the Ipermnestra in nine. Poet,

composer, musical copyist, and singer did their work

I

together in frantic haste. The impress of the peculiai

circumstances under which they were created is still left

upon them, not "Only in negligence of style, biit also in an
I undefinable quality which marks them out as products o'l

collaboration. But what must always surjjrise us is thai

' they should be as good as they are. Metastasio understood

the technique of his peculiar art in its minutest details

The exjierience gained at Naples and Rome, quickened bj
' the excitement of his new career at Vienna, enabled hiir-

almost instinctively, and as it were by inspiration, to hit the

exact mark aimed at in the opera.

At Vienna Metastasio met vrith no marked socia;

success. His plebeian birth e.xcludod him from aristocrati<

circles. But, to make up in some measure for this com
parative failure, be enjoyed the intimacy of a great lady

the Countess Althann, sister-in-law of his old patroness thi

Princess Belmonte Pignatelli. She had lost her busljand

and had some while occupied the post of chief favourite t'

the emperor. Metastasio's liaison with her became so clo.st

that it was even believed they had been jirivatuly married.

From his letters to his friend La Romanina, and to thi

great singer Parinelli, who reigned suiiroinc at the court

of Madrid, we learn the little elstaila of the poet'.-, life is
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its wearisome monotony, and come to comprehend his

character, at once generous and timid, selfish and amiable,

prudent almost to excess of caution, and personally cold in

contradiction with the fervour of his sentimental muse.

The even tenor of this dull existence was broken in the

year 1734: by the one dark and tragic incident of his

biography. It appears tiat La Komanina had at last got

tired of his absence. Little satisfied with his friendly but

somewhat reticent communications, impatient to see him
once again, inquisitive perhaps about the terms on which

be lived with his new mistress, she resolved to journey, to

Vienna. Could not Metastasio get her an engagement at

the court theatre t The poet at this juncture revealed his

own essential feebleness of character. To La Roinanina he
owed almost everything as a man and as an artist. But
he was ashamed of her and tired of her. He vowed she

should not come to Yienna, and wrote dissuading her from
'he projected visit. The tone of his letters alarmed and
irritated her. It is probable that she set out from Rome,
but died suddenly upon the road. Nothing can be said for

certain about her end, or about the part which Metastasio

may have played in hastening the catastrophe. All we
know is that she left him her fortune after her husband's

life interest in it had expired, and that Metastasio, over-

whelmed with grief and remorse, immediately renounced

the legacy. This disinterested act plunged the BulgareUi-

Metastasio household at Rome into confusion. La
Romanina's ^.idower married again. Leopoldo Trapassi,

and his" father and sister, were thrown upon their own
resources. The poel in Vienna had to bear their angry
expostulations upon his ill-timed generosity, and to augment
the allowances he made them.

As time advanced the life which Metastasio led at

Vienna, together with t;he climate, told upon his health

and spirits. From aboutAhe year 1745 onward he writes

complainingly of a mysterious nervous illness, which
plunged him into the abyss of melancholy, interfered with

his creative energy, and constantly distressed him with the

apprehension of a general breakdown. He wrote but

little now, though the cantatas which belong to this

period, and the canzonet Ecco quel flero istante, which he

sent to his friend FarineUi, rank among the most popular

of his uroductidns. It was clear, as his latest and most
genia! biographer, Vernon Lee, has phrased it, that " what
ailed .dm was mental and moral ennui." In 1755 the

Countjss Althann died, and Metastasio was more than ever

reduced "i o the society which gathered round him in the

bourgeois house of the Martinez. He sank rapidly into

the hal lits of old age ; and, though his Life was prolonged

fill the year 1782, very little can be said about it. On
the 12th of April he died, bequeathing his whole fortune

of some 130,000 florins to the five children of his friend

Martinez. He had survived all his Italian relatives.

During the long period of forty years in which Metastasio may be

almost said to have overlived his originality and creative powers

his fame went on increasing. In his library he counted as many as

forty editions of his own works. They had been translated into

French, English, German, Spanish, even into Modern Greek. They
had been set to music over and over again by every composer of

distinction, each opera receiving this honour in turn from several

of the most illustrious men of Europe. They had been sung by the

best vir'tuosi in every capital, from Madrid to St Petersburg, from

f/ondon to Constantinople. The critics of all nations vied in

raising Metastasio's credit to the skies. -There was not a literary

academy of note which had not conferred on him the honour of

membership. Strangers of distinction passing through Vienna
inade a point of paying their respects to the old poet at his lodgings

in the Kohlmarkt Gasse. Letters of congratulation, adulation,

sympathy, respect, condolence, poured in upon him. And yet,

during the whole of this long period, he was gradually outliving the

artistic conditions upon which that fame was really founded. It

has 'been already pointed out that Metastasio cannot rank as a poet

in the unqualified sense of that word, but as a poet collaborating

with the musical composer and performer. His poetry, further-

more, was intended for a certain style of music—foi the music of
omnipotent vocalists, of thaumaturgical soprani. With the changes
effected in the musical drama by Gluck and Mozart, with the
develq>ment of orchestration and the rapid growth of the German
manner a new type of libretto came into request. Metastasio's
plays fell into undeserved neglect, together with the music to which
he had hnked them. Farinelli, whom he styled "twin-brother,"
was the true exponent of his poetry ; and, with the abolition of the
class of singers to which Farinelli belonged, Metastasio's music?
suffered eclipse. It was indeed a just symbolic instmct which made
the poet dub this unique soprano his twin-brother.
The musical drama for which Metastasio composed, and in worl

ing for which his genius found its proper sjihere, has so whol
passed away that it is now difficult to assign his true place to t a

poet in Italian literary history. • Compared with Shakespeare, or e\ n
with Eacine, he hardly merits the title of a dramatist. His insp a-
tion was essentially emotional and lyiical. Instead of crc?' ng
characters, he created situations for the display of very varied feel-
ings, for all the feelings in fact to which melody allies itself. But
in doing this he showed a capable playwright's faculty. His per-
sonages act and react upon each other. Their characters, thcugh not
in harmony with history or fact, are clearly traced and cleverly sus-
tained. Each of the dramatis personae is an emotion incarnate and
consistent, admirably fitted for musical effect and contrast. The
clash and combat of passions are vividly presented, with the smallest
possible expenditure of rhetoric, in the dialogues intended for
recitative. The climax of emotion is cadenced in appropriate
stanzas, with simple but effective imagery, at the close of each
important scene. The chief dramatic situations are expressed by
lyrics for two or three voices, embodying the several contending
passions of the agents brought into conflict by the circumstances ot
the plot. The total result is not pure Uterature, but literature
supremely fit for musical effect. Language in Metastasio's hands is

exquisitely pure and limpid. Of the Italian poets, ho professed a
special admiration for Tasso and for Marini. But he avoided the con-
ceits of the lattei", and was no master over the refined richness of the
former's diction. His own style reveals the improvisatore's facility.

Or the Latin poets he studied Ovid with the greatest pleasure, and
from this predilection some of his own literary qualities may be de-

rived. The pedantic rules of Aristotelian poetics never touched an
artist who felt his real vocation to be the interpretation of music.
For historical propriety, for the psychology of character, for unity of

plot, for probability of incident, he had a supreme disregard. It was
indeed his merit to have discarded all these considerations. His
poetry was the twin-sister of Italian melody, and he was right in

trusting entirely to music and action on the stage to render his con-

ceptions vital. What, therefore, he gained during his own lifetime,

while the musical system to which he subordinated his genius was
yet living, he has since lost when, as now, he must be studied by
readers who have only a faint and dim conception of that perished

art. For sweetness of versification, for limpidity of diction, for

delicacy of sentiment, for romantic situations exquisitely rendered

in the simplest style, and for a certain delicate beauty of imagery
sometimes soaring to ideal sublimity, he deserves to he appreciated

so long as the Italian language lasts.

There are numerous editions of Metastasio's works. That by Calsabigi, Paris,

1755, 9 vols. 8vo, published under his own superintendence, was the poet's

favourite. Another of Turin, 1757, and a third of Paris, 17S0, descne mention.

The posthumous worlts vere printed at Vienna, 1795. The collected editions of

Genoa, 1802, and Padua. 1811, will probably be found most useful by the Rcneral

student. Metastasio's life was wiitten by Aluigi, A&iisi, 1783; by ChArles Burney,

London, 1796 ; and by others; but by lar the most vivid sketch of his biography

will be found in Vernon Lee's Sludies of ifie IStfi Century in Italy, London, 1S80,

a work which throws a flood of light upon the development of Italian dramatic

music, and upon the place occupied by Metastasio in the artistic movement of the

last century. (J- A. .S.)

IVCETCALFE, Ciiables Theophilus Metcalfe, Babon

(1785-1846), a distinguished administrator, was born

at Calcutta on January 30, 1785; he was the second son

of Thomas Theophilus Metcalfe, then a m£\jor in the

Bengal army, who afterwards became a director of the

•East India Company, and was created a Baronet in 1802.

Having been educated at Eton, where he read extensively,

he in 1800 sailed for India as a -writer in the service of the

Company. After studjdng Oriental languages with success

at Lord Wellesley's coUege of Fort William, he, at the age

of sixteen, received an appointment as aisistant to Lord

Cowley, then resident at the court of Sindhia ;
in 1802

he became assistant in the office of the chief secretary ; in

1803 he was transferred to that of the governor-general,

and in 1 806 to that of the commander-in-chief. On August

15, 1806, he became first assistant to the resident at Delhi,

and in 1808 he was selected by Lord Minto for the diflfcult

post of envoy to the court of RanjitSinh at Lahore; here,
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on April 25, 1809, ho successfully concluded the important

treaty securing the independence of tht Sikh states between

the Sutlej and the Junina. Four years afterwards he was

made principal resident at Delhi, and in 1819 he received

the appointments of secretary in the secret and political de-

partment, and of private secretary to the governor-general

(Lord Hastings). From 1820 to 1823 Sir Charles (who

succeeded his brother in the baronetcy in 1822) was resident

at the court of the nizam, but in the latter year he was com-

pelled by the state of his health to retire from active service ;

in 1825, however, he was so far restored as to undertake

the residency of the Delhi territories. Two years after-

wards he obtained a seat in the supreme council, and in

February 1835, after he had for some time been governor

of Agra, he, as senior member of council, provisionally

succeeded Lord William Bentinck in the governor-general-

ship. During his brief tenure of office (it lasted only tiU

March 28, 1836) he originated or carried out several

isfportant measures, including that for the liberation of the

press, which, while almost universally popular, complicated

his relation with the directors at home to such an extent

that he withdrew from the service of the Company in 1838.

Li the following year he was appointed by the ^Melbourne

administration to the governorship of Jamaica, where the

difficulties created by the recent passing of the Negro

Emancipation Act had called for a high degree of tact and

ability. Sir Charles Metcalfe's success in thi.s delicate

position was very marked (see vol. sdii. p. 551), but unfor-

tunately his health compelled his resignation and return to

England in 1842. Six months afterwards he was appointed

by the Peel ministry to the governor-generalship of Canada,

and his success in carrying out the policy of the home
Government was rewarded with a peerage shortly after his

return in 1845. He died at Malshanger, near Basingstoke,

September 5, 1846. See J. W. Kaye's Life and Corre-

spondence of Charles Lord Metcalfe, London, 1854.

METELLUS, the name of the most important family of

thelloman plebeian gens Csecilia. They rose to distinction

during the Second Punic War, and Nsevius satirized them.

QuiNTUS CEcrLiTJs Metellus Macedoxicus, prjetor

148 B.C. in Macedonia, defeated Andriscus in two battles,

and forced him to surrender. He then superintended the

conversion of Macedonia into a Eoman province. He tried

vmsuccessfully to mediate between the Achaean league and
Sparta, but, when the Achaeans advanced, he defeated

them easily near Scarpheia ; Mummius soon after super-

seded him, and returning to ItaJy he triumphed in 146.

Consul in 143, he reduced northern Spain to obedience.

In 131 censor with Q. Pompeius (the first two plebeian

censors), he proposed that all citizens should be compelled

to marry. He was a moderate reformer, and was con-

sidered the model of a fortunate man ; before his death

in 115 three of his sons had been consuls, one censor, and
the fourth was a candidate for the consulship.

QuiNTTJS CjECiLTDa Metellus Numidicds, whose repu-

tation for integrity was such that when he was accused of ex-

tortion the jury refused to examine his accounts, was selected

to command against Jugurtha in 109 B.C. He subjected

the army to rigid discipline, and aimed solely at seizing

Jugurtha himself ; he defeated the king by the river

Muthul, and next year, aftgr a difficult march through the

desert, took his stronghold Thala. Marias, however,
accused Metellus of protracting the war, and received the

consulate for 107. Metellus returned to Rome and
triumphed. Saturninus, whom as censor he tried to

remove from the senate, pa.ssed in 100 an agrarian law,

inserting a provision that all senators should swear to it

within five days. All complied but Metellus, who retired

k) Asia. After Saturninus was killed, he returned, but

flied shortly after under suspicion cf poison.

QuixTUS C-EciLins Metellus Pips, so called from his

efforts to restore his father Xumidicus, commanded in tl e

Social War, defeating Q. Pompa:)dius (88 B.C.). Sulla rn

departing gave him proconsular command over South

Italy. \Vhen Marius returned, the soldiers, who had no
confidence in Octavius, wished Metellus to command, but

he refused. Jletellus retired to Africa and aftei-wards to

Liguria, resuming his former command on Sulla's return.

In 86 He gained a decisive victory over Norbanus at

Faventia. In Sulla's proscriptions he pleaded in favour of

moderation. Consul in 80 with Sulla, be went to Spain

next year against Sertorius, who pressed him hard till the

arrival of Pompeius in 76. Next year Metellus defeated

Sertorius's lieutenant Hirtuleius at Italica and Segovia,

and joining Pompeius rescued him from the consequences

of a check at Sucro. From this time Sertorius grew
weaker till his murder in 72. Metellus had previously

set a price on his head. In 71 he returned to Rome and
triumphed. He was an upright man, of moderate ability.

QuixTUs Qecilius Metellus Pius Sripio, son of

Scipio Nasica, was adopted by the preceding. He was
accused of bribery in 60 B.C., and defended by Cicero. In

August 52 Pompeius procured him the consulate. Scipio

in return supported Pompeius, now his son-in-law. On
war being resolved on, Scipio was sent to Syria. His extor-

tions were excessive, and he was about to plunder the

temple of Artemis at Ephesus when he was recalled by
Pompeius. He commanded the centre at Pharsalus, and
afterwards went to Africa, where by Cato's influence he

received the command. In 46 he was defeated at

Thapsus ; in his flight to Spain he was stopped by a cor-

sair, and stabbed Mmelf. His connexion with two great

families gave him importance ; but he was selfish and

licentious, and his violenee drove many from his party.

QuiNTUs Cj:ciLius Metellus Celer, praetor 63 B.C., was

sent to cut off Catiline's retreat northward. Consul in 61,

his personal influence prevented the holding of the Com-
pitalia, which the senate had forbidden and the tribunes

permitted. He opposed the agrarian law of the tribune

L. Flavins, and stood firm even though imprisoned ; the

law had to be given up. He also tried, though fruitlessly,

to obstruct Caesar's agrarian law in 59. He died that

year under suspicion of poison given by his wife Clodia.

METEMPSYCHOSIS, the transmigration of the soul,

as an immortal essence, into successive bodily forms, either

human or animal. This doctrine, famous in antiquity, and

one of the characteristic doctrines of Pythagoras, aj'peara

to have originated in Egypt. This indeed is afiirmed by

Herodotus (ii. 123) :
—"The Eg)'i)tians are, moreover, the

first who propounded the theory that the human soul is im-

mortal, and that when the body of any one perishes it

enters into some other creature that may be born ready to

receive it, and that, when it has gone the round of all

created fofms on land, in water, and in air, then it once

more enters a human body born for it , and this cycle of

existence for the soul takes place in three thouMind years."

Plato, ii! a well-known passage of the Pfnednin, adapts,

as was his wont, the Pythagorean doctrine to his myth at

allegory about the soul of the philosopher. That soul, h«

says, though it may have suffered a fall in its attempt t»

contemplate celestial things, still is :iot condemned, in its

first entrance into another form, to any bestial existence,

but, according to its attainments, i.e.. to the progress which

it has made in its aspiration for celestial verities, it passes,

in nine distinct grades, into the body of some one destined

to become a philosopher, a poet, a king, a general, a seet,

ic. ; or, if very inferior, it ^ill animate a sojihist or an

autocrat (rupawos). Plato extends the cycle of existence

to ten thousand years, which is subdivided into periods Of

a thousand years, after the lapse of which the souls under^
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judgme/ic, and are admitted to everlasting happiness or

condemned to punishment.^ It is after the period of a

thousand years, he adds, that the human soul comes into

a beast, and from a beast again into a man, if the soul

originaUy was human.
Pythagoras, who was said to have travelled in Egjrpt,^

brought this fantastic doctrine into Magna Graeeia, and
made it a prominent part of his teaching. He declared

that he had himself been Euphorbus, the son of Panthus,

in the time of the Trojan War, and had successively

inhabited other human bodies, the actions of all which he
remembered. 3 Closely connected -n-ith his theory of metem-
psychosis was his strict precept to abstain from animal
foiid, even from eggs, from some kinds of fish, and (for

some unknoT^-n, probably symbolical, reason) from beans.*

There can be no tioubt that the Egyptian custom of pre-

serving the mummies of cats, crocodiles, and some other

creatures had its origin in the notion that they had been
inhabit e'l by souls which might some day claim these

bodies lor their own. We cannot suppose that Plato or

the later Greeks really believed in the transmigration of

soids, though there are many allusions to it, generally of a
somewhat pla}-ful character. Thus Menander, in the play

called The Inspired Woman^ (©co^opou/xoT;), supposes

some god to say to an old man, Crato, "WTien you die,

y« a will have a second existence ; choose what creature

y(^u would like to be, dog, sheep, goat, horse, or man."
To which he replies, " Make me anything rather than a
Ban, for he is the only creature that prospers by injustice."

Absurd and fantastic as such a doctrine as metem-
psychosis appears at first sight to be, it was in reality a
logical deduction from primitive ideas about the nature of

the soul. It is necessary to explain these ideas (which

have important bearings on other questions) in order to

show that metempsychosis was almost a necessary corollary

to the belief that the soul was the vital or animating prin-

ciple,—that the one distinction between organic and inor-

ganic was the existence in the former of a i/o'X'?'

The difference between a dead body and a living body
—or rather, one principal difference—was that the living

animal breathed ; and it was observed that, as soon as the

breath left the body, not only did warmth and motion
cease, but the body began to decay. Life, therefore, was
breath, an opinion tacitly expressed by the Greek and
Roman vocabulary, animus, anima (avf^uos), i/t^'X'Ji ttcvjuo,

$piritus. But breath is air, and air is eternal and imperish-

able in its very nature. Therefore the "soul," or portion

of air which gave animation to the body, did not perish at

the dissolution of the body, but it was returned to the

element of which it was composed, and out of which it

came. It followed that, from the countless millions of

"bouIs" en-tancipated from bodies in all time, and stiU

flitting about invisibly in space, the air must Literally

swarm with souls,—a doctrine taught by Pythagoras.^

Hence, any creature, human or bestial, tliat first drew the

breath of life, might, so to say, swallow a soul, i.e., take in

with the act of respiration the very same particles of air

which had animated some former body. For, although the

soul was air, and returned to its kindred element, it was
supposed to retain a peculiar character in intelligence

' P. 249 A. Comp. Rev. xx. 2, 13; Virg,, ^n. vi. 745, "Donee
losga dies, perfecto t«mporis orbe, concretani exemit labem," &c.

*• Diogen. Laert., viii. 1, 3 ; Luciaii, Galliis, § 18 sq., wliere the

doctrine of metempsychosis and the stories about tlie pre-existence of

Pythagoras are wittijy satirized.

' Lucian, GaUus, §§ 4, 5 ; Diodor. Sic, x. §§ 9, 10 ; Hor., Oii. I
28, 10, "habeutque Tartara Panthoiden iterum Oreo deraiisum.

"

'' Galhis, 19, 33. For fanciful reasons for the prohibitiou of beans,

see Lucian, Vdanim Audio, § 5. ^ Frag. 222, Meiuelie.

' Diogen. Laert,, riii. 1, § 32, dvai nirra Thv aipa ifux"''

(fji-nKiuv-

{^poyrja-is), remembrance of the past, and knowledge and
experience gakied in some former existence. Any creature
which first breathed might or might not inhale this or that
soul, just as a net thrown into the water may catch this or
that fish, or no fish at all. But if no " soul " was inhaled
the creature was believed for that reason to' die ; and the
different degrees of intelligence observed in different men
and animals led to the notion that there must have been
a difference in the souls that first animated them. Even
the belief that the soul, especially near the time of dissolu-

tion from the body, could foretell future events was based
on the notion of intelligence and cpnsciou->ness resulting
from experiences of the past.'''

As all the science of modern times cannot say precisely
what life is, nor how it first came upon this earth, it is not
wonderful that so obvious, though wholly erroneous, an
explanation should have presented itself to primitive man
when first he began to inquire into the causes of things;
The extension of life, by the .same term i/a'^'i, to plants and
apparently non-breathing things, which, however, had birth,

growth, and death, was a development of a philosophic age,
and we are not surprised to find Aristotle recognizing one
form of life as vegekib/e, (fivTiKoi'.^ The irrational confusion
of " soul " with sentient bodily functions, the attribution to

spirits (crScuXa) of motion, speech, or other muscular and
material action, though still common, while metempsychosis
is derided or forgotten, is in reality, perhaps, a less excus-'

able superstition.

The Romans inherited the doctrine of metempsychosis
from Ennius, the poet of Calabria, who must have been
familiar with the Greek teachings which had descended to

his times from the cities of Magna Gr.-Bcia. In his Annals,
or Roman history in verse, Ennius told how he had seen

Homer in a dream, who had assured him that the same
soul which had animated both the poets had once belonged
to a peacock, a story that might seem to indicate Indian
traditions. The Pavo Pythagoreus and the Somnia Pytha-
gorea are referred to by Persius and Horace, as well as by
Lucretius.'

Theories suggesting element-worship naturally led to the
notion that air and ether (upper air) were divine.'" Hence
every soul, as being but a portion of it, was in itself divine,

and therefore immortal. '\Ve thus see that the doctrine of

the immortality of the soul, whether attained by a sound
or a vicious course of reasoning, was an inevitable conclu-

sion for early thinkers. Pantheism taught that all the

universe was pervaded by a divine mind, and Virgil cites

the opinion of some, that the intelligence of bees was due
to a portion of this universal mind residing in them, a view

closely allied to the doctrine of metemps3'chosis.i' A divine

thing might be polluted, but not destroyed ; hence the

notion of purifying souls by airing them or burning away
a material defilement is enlarged upon by '\'irgil in the

sLxth book of the JUneid (724 sq.). (f. a. P.)

METEOR, METEORITE. The term meteor, in ac-

cordance with its etymology {fieT€wpo%), meant originally

something high in the air. It has been apjilied to a large

variety of phenomena, most of them of brief duration,

which have place in the atmosphere. Disturbances in the

air are aerial meteors, viz., winds, tornadoes, whirhrinds,]

typhoons, hurricanes, <Scc The vapour of water in the

atmosphere creates by its forms and precipitations the'

aqueous meteors, viz., clouds, fogs, mists, snow, rain, hail,]

' Diodor. Sic, x\-iii., § 1. ^Ethics, lib. i, 13.

« Pers., Sat. ^i. 9; Hor., Epist. ii. 1, 52 j Lncret., i. 124,

" & i7os ai'e-iip.Prometlieus exclaims, JEscb., Prom., 88.-

" Garc/. iv. 219—
His quidam signis,.atque hsc exempla secnti,

Esse apibus partem dirina; mentis et haustus

.Stherios dixere ; deum namqaie ire per omner

Terrasque tractusque maris crelumqiie profundunt
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'Tne eSect ol iiglit upon the atmosphere and its con-

»;nt6 causes certain luminous meteors, viz., rainbows, halos,

parhelia, twilight, mirage, <tc. Discussion of all these, and

of like phenomena, belongs to Meteorology (q.v.).

Another class of luminous meteors, known as shooting

or falling stars, fireballs, bolides, ic, have their place in

the upper parts of the atmosphere. But. by reason of

their origin from^without they, and the aerolites or meteor-

ites which sometimes come from them, belong properly to

astronomy. The term meteor is often used in a restricted

sense as meaning one of these latter phenomena. The

present article will treat of them alone.

The most remarkable of the meteors (and the most

instructive) are those which are followed by the falling of

stones to the earth. These have since the beginning of

the present century attracted so much attention, and the

phenomena have been so frequently examined and described

by scientific men, that they are very well understood. The

circumstances accompanying the fall of stones are to^erably

uniform. A ball of fire crosses the sky so bright as to be

visible, if it appears in the daytime, sometimes even at

hundreds of miles from the meteor ; and if it appears in the

night it is bright enough to light up- the whole landscape.

It traverses the sky, generally finishing its course in a few

seconds. It suddenly goes out, either vnth or without an

apparent bursting in pieces, a-nd after a short period a loud

detontWion is heard in all the region near the place where

the meteor has disappeared. Sometimes only a single stone,

sometimes several are found. For some falls they are

numbered by thousands. About three thousand were

obtained from the fall of L'Aigle in 1803, scattered over a

region about 7 miles long and of less breadth. A like

number was obtained from the fall of Knyahinya on June

9, lt<66. At Pultusk a still larger number were collected,

scattered over a larger space, by a fall in January 1868.

From the Emmet county (Iowa) fall, May 10, 1879, a

similarly large number have been secured.

These meteors leave behind them in the air a cloud or

train that may disappear in a few seconds, or may remain

an hour. . They come at all times of day, at all seasons of

the year,' and in all regions of the earth. They come
Irrespective of the phases of the weather, except as clouds

conceal them from view.

Let us describe one or two of these meteors more in

detail. On the evening of the 2d of December 1876,
[lersons in or near the State of Kansas saw, about eight

o'clock in the evening, a bright fireball rising from near

where the moon then was in the western sky. It inbreased

in brOliancy as it proceeded, becoming so bright as to

compel the attention of every one -who was out of doors.

To persons in the northern part of the State the meteor
crossed the southern sky going to the east, to those in the

southern part it crossed the northern heavens. To all it

went down near to the horizon a little to the north of east,

the whole flight as they saw it occupying not over a
minute.

The same meteor was seen to pass in nearly the same
way across the heavens from west-south-west to east-north-

east by inhabitants of the States of Nebraska, Iowa,

Missouri, Wisconsin, Illinois, Michigan, Kentucky, Indiana,

Ohio, Pennsylvania, and West Virginia. But besides this

there were heard near the meteor's path, four or five

minutes after its passage, loud explosions like distant

paunonading, or thunder, or like the rattling of empty
waggons over stony roads. So loud were these that people
and animals were frightened. East of the ^Mississippi

river these explosions were heard everywhere within about
60 miles of the meteor's path ; and in Bloomington, Indiana,

sounds were heard supposed to come from the meteor even

at a distance of nearly 150 miles from it. Over central

Illinois it was seen to break into fragments like a rocket,

and over Indiana and Ohio it formed a flock or cluster of

meteors computed to be 40 miles long and 5 miles broad.

The sky in Xew York State was wholly overcast. Persons

in Ohio and Pennsylvania, who from their situation

could look over the cloud last, saw the meteor passing on

eastward over New York. From many places in the

State itself came accounts of rattling of houses, thundering

noises, and other like phenomena, which at the time were

attributed to an earthquake.

At one place in northern Indiana a farmer heard a

heavy thud as of an object striking the ground near his

house. The next morning he found on the snow a stone of

very peculiar appearance weighing three-quarters of a pound,

which from its character there is every reason to believe

xame from the meteor. By putting together the various

accounts of observers, the meteor is shown to have become
first visible when it was near the north-west corner of the

Indian Territory, at an elevation of between 60 and 100
miles above the earth. From here it went nearly parallel

to the earth's surface, and nearly in a right line, to a point

over central New York. During the latter part of its

course its height was 30 or 40 miles. It thus traversed

the upper regions of the air through 25° of longitude and
5° of latitude in a period of time not easily determined,

but probably about two minutes. A part of the body may
have passed on out of the atmosphere, but probably the

remnants came somewhere to the ground in New York,

or farther east.

A somewhat similar meteor was seen in the evening of

July 20, 1860, by persons in New York, Pennsylvania,

New England, &c., -which first appeared over ilichigan, at

a height of about 90 miles. The light was so brilliant as

to call thousands from their houses. It passed east-eouth-

east, and over New York State, at a height of about 50
miles, broke into three parts which chased each other across

the sky. At New York city it was seen in the north,

while at New Haven it was in the south. At both places

the apparent altitude was well observed, and its true height

proved to be about 42 miles above the earth's surface

between the two cities. It finally disappeared far out over

the Atlantic Ocean. It is doubtful whether any one heard

any Sound of explosion that came from this meteor, and
no part of it is known to have reached the ground. The
velocity was at least 10 or 12 miles per second, or fifty

times the velocity ot sound. These two meteors were
evidently of the same nature as those which have furnished

so many stones for our museums, except that the one was
so friable that it has given us but one known fragment,

while the other was only seen to break in two, not even a

sound of explosion being known to have come from the

meteor.

Next to the stone-producing meteor is the fireball, or

bolide, which gives generally a less brilliant light than the

former, but in essential appearances is like it. 'The meteor of

J\ily 20, 1860, above described, though unusually brilliant,

was one of this class, and represents thousands of bolides

which have been seen to break in pieces. The bolides

leave trains of light behind them just as the stone meteors

do ; they travel with similar velocities both apparent and

actual, and in all respects exhibit only such differences of

phenomena as would be fully explained by differences iij

size, cohesion, and chemical constitution of stones causing

them.

Next to the bolide is a smaller meteor which appears

as if one of the stars were to leave its place in the heavens,

shoot across the sky, and disappear—all within the fracticm

of a second. Some meteors of this class are as bright as

Venus or Jupiter. Some are so small that though you look

directly at the meteor, you doubt whether you see one oi
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iot. In the telescope still smaller ones are seen tbat are

Invisible to the naked eye. Meteors comparable in bright-

ness to the planets and the fixed stars are usually called

shooting stars. .

These Taricms kinds of meteors diner from all other

luminous phenomena so as to stand in a group entirely

alone. Though they have been sometimes regarded as

separable among themselves into three or four different

species, and for purposes of description may still be so

divided, yet they all seem to have a like astronomical

character, and the differences are only those of bigness,

chemical constitution, velocity, ic. There appears to be

no clear Lne of distinction between the stone-producing and
the detonating meteors, nor between those heard to explode

and those .seen to break in pieces, nor between these and
the simple fireballs, nor between the fireball and the

faintest shoofing star.

Aliilvdfs of Meteors.—The first important fact about
the meteors is the region in which they become visible to

us. In hundreds of instances observations have been

made upon the luminous path of a meteor at two or more
stations many miles apart. When such stations and the

path are properly situated relatively to each other, observa-

tions carefully made will show a parallax by which the

height of the meteor above the earth, the length and di-

rection of the path, and other like quantities may be com-
puted. The general result from several hundred instances

is that the region of meteor paths may be in general

regarded as between 40 and 80 miles above the earth's

surface. Some first appear above 80 miles, and some
descend below 40 miles. But an altitude greater than

100 miles, or one below 25, except in the case of a stone-

furnishing meteor, must be regarded as very doubtful.

Thus the meteor paths are far above the usual meteoro-

logical phenomena, which (except auroras and twilight)

have not one-tenth of the height of the meteors. But
with reference to all other astronomical phenomena they

are very close to us. The comets, for example, are well-

nigh a millionfold, and even the moon is a thousandfold,

more distant from us. \

'Velocities of Meteors.—When the length of a Itiminous

path is known, and the time of describing it has been

observed, it is easy to compute the velocity in miles.

Unfortunately the large meteors, describing long paths,

come at rare intervals, and unexpectedly, and it is a happy
accident when one is observed by a person accustomed to

estimate correctly short intervals of time. On the other

hand, the total time of visibility of the shooting stars,

which, come so frequently that they may be watched for,

is usually less than a second. It is not easy to estimate

correctly such an interval, where the beginning and ending
are not marked by something like a sharp click. Hence
all estimates and computations of velocities of meteors are to

be received with due regard to their uncertainty. We may
only say in general that the velocities computed from good
observations are rarely if ever under 8 or 10 miles a second,

or over 40 or 50 miles, and that some have far greater

Velocities than otiiers. The average velocity seems to be
nearly 30 miles.

; What makes the Luminous Meteor.—The cause of a

Jieteor is now universally admitted to be something that

enters the earth's atmosphere from without, with a

velocity relative to the earth that is comparable with the

earth's velocity in its orbit, which is 19 miles per second.

By the resistance it meets in penetrating the air the light

and other phenomena of the luminous train are produced.

Under favourable circumstances, portions of these bodies

reach the earth's surface as meteorites.
•' Meteoroids.—A body which is travelling in space, and
which on coming into the air would under favourable

circumstances become a meteor, may be called a taeteor'

oid.

The ireteoroida are all solid bodies. It would hardly
be possible for a small quantity of gas out in space to

retain such a density as would enable it on comin" into

the air to go 10 or 100 miles through eveji the rare upper
atmosphere, and give us the clear line which a shooting
star describes. Even if a liquid or gaseous mass can travel

as such in space, it would be instantly scattered on striking

the air, and would aouear very unlike a shooting star or

bolide.

Xumbers of Meteors. —Of the larger meteors liiero are in

the mean six or eight per annum whicli in the last fifty years

have furnished stones for our collections. A much largei

number have doubtless sent down stones which have never

been found. Thus Daubriie estimates for the whole earth

an annual number of six or seven hundred stone-falls.

But of the small meteors or shooting stars the number
is very much larger. Any person who should in a cleat

moonless night watch carefuUy a portion of the heavens
would, in the mean, see at least as many as eight or ten

shooting stars per hour. A clear-sighted and practised

observer will detect somewhat more than this number
Dr Schmidt of Athens, from observations made during
seventeen years, obtained fourteen as the mean hourly num-
ber on a clear moonless night for one observer during the

hour from midnight to 1 a.m. A large group of observers,

as has been shown by .trial, would see at least six times as

many as a single person. By a proper consideration of the

distribution of meteor paths over the sky, and in actual

altitude in miles, so as to allow for mists near the horizon,

it appears that the number over the whole globe is a little

more than ten thousand times as many as can be seen in

one place. This implies that there come into the air not less

than twenty millions of bodies daily, each of which, under

very favourable conditions of absence of sunlight, moon-
light, clouds, and mists, would furnish a shooting star

visible to the naked eye. Shooting stars invisible to the

naked eye are often seen in the telescope. The numbers

of meteors, if these are included, would be increased a)

least twentyfold.

How densely Space isfilled with Meteoroids.—By assuming

that the absolute velocity of the meteors in space is equal

to that of comets moving in parabolic orbits (we have good

reason to believe that this is nearly their true velocity), we
may prove from the above numbers that the average number
of meteoroids in the space that the earth traverses is, in each

volume equal to that of the earth, about thirty thousand.

In other words, there is in the average to every portion of

space equal to a cube whose edge is about 210 miles one

meteoroid large enough to make a shooting star bright

enough to be visible to the naked eye. Such meteoroids

would, upon an equable distribution, be each in round

numbers 250 miles from its near neighbours. AH these num-

bers rest upon Dr Schmidt's horary number fourteen, and

for a less practised observer and a less clear sky they would

be correspondingly changed. How much they would need

to be altered to represent other parts of space than those

near the earth's orbit is a subject of inference rather than

of observation.

Motion in Space.—The meteoroids, whatever be their

size, must by the law of gravitation have motions about

the sun in the same way as the planets and comets, that

is, in conic sections of which the sun is always at one focus.

The apparent motions of the meteors across the sky imply

that these motions of the meteoroids relative to the sun

cannot as a rule be in or near the plane of the ecliptic.

For if they were there, since the motion of the earth is also

in the ecliptic, the motion of the meteoroids relative to the

earth would be in the same plane. This would involve
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that all the meteor paths as se/.n on the sky would if pro-

duced backward cross the ecliptic above the horizon. In

fact there is no tendency of this kind. Hence the meteor-

oids do not move in orbits that are near the ecliptic as the

jjlanets do, but like the comets they may and usually do

have orbits of considerable inclinations.

A'umbers through Ote Night.—There are more meteors
'

' seen in the morning hours than in the evening. If the

I

meteors had no motion of their own in space, the earth

j would by its motion receive the meteors only on the hemi-

I sphere that was In front. There would be no meteors seen

in the other hemi.sphere. On the other hand, if the meteors

I had such large velocities of their own as that the earth's

velocity might be neglected in comparison, ana if the

directions of the meteors' motions were towards all points

indiscriminately, then as many would Le seen in one part

of the night as another. In fact there are about three

times as many seen in the morning hours as in the evening.

The law of change from evening to morning gives a means

of proving that the mean velocity of meteors is so great

that they must in general be moving in long orbits about

the sun. In this respect also the meteoroids resemble

comets, and are unlike planets, in their motions. Of the

stone-furnishing meteors more are seen in the day than in

the night, and more in the earlier hours of the night than

in the later. This is probably due to the fact that more
persons are in a position to see the stone-falls at the periods

of greater abundance.

Star Shotvers.—VThile the average number of shooting

stars for a single observer at midnight may be regarded as

tolerably constant, there have been special epochs when
many more have been seen. In certain instances the sky

has been filled with the luminous trains, just as it is filled

by descending snowflakes in a snowstorm, making a

veritable shower of fire. One of the best-observed, though

by no means the most brilliant, of these showers occurred

on the evening of the 27th of November 1872. Some ot

the observers of that shower, counting singly, saw at the

rate of eight or ten thousand shooting stars in the course

of two nours. The distances of the meteoroids in the

middle of the swarm which the earth then passed through,

each from its nearer neighbours, would be 30 or 40 miles.

t

The following quotations show the impression made by
star showers in times past :

—

' "In the year 2S6 [of the Hegira] there happened in Egypt an
earthquake on Wednesday the 7th of Dhu-l-Ka'dah, lasting from the

middle of the night until Morning ; and so-called flaming stai-s

etruck one against another violently while being borne eastward

and westward, northward and southward, and no one could bear to

look toward the hearens on account of tliis phenomenon."
"' In the year 599 [of the Hegiia], on the night of Saturday, on

the last day of Muharram, stars shot hither and thither in the
heavens, eastward and westward, and flew against one another like

a scattering swarm of locusts, to the right and left
;
people were

thrown into consternation, and cried to God the Most High with
confused clamour."

"These meteors [November 12, 1799] might be compared to the
hlazing sheaves shot out from a firework."

" The phenomenon was grand and awful ; the whole heavens
appeared as if illuminated with sky rockets."

November 13, 1833. "Thick with streams of rolling firo;

scarcely a space in the firmament that was not filled at every

instant.'!

"Almost infinite number of meteors; they fell like flakes of

snow."

November Meteors or Leonids.—These quotations all refer

(except possibly the first) to a shower which has appeared

in October and November of many different years since its

first kno^vn occurrence on the 13th of October 903 a.d.

Dates of these showers are given in the following table :

—

Oct. 13, 902. Oct. 17, 1101. Oct. 28, 1602. Nov. 13, 1833.

Oct. 15, 931. Oct. 19, 1202. Nov. 9, 1698. Kov. 14, 1866.

Oct. 14, 934. Oct. 23, 1366. Nov. 12, 1799. Nov. 14, 1867.

Oct. 15, 1002. Oct. 25, 1533. Nov. 13, 1832. Nov. 14, 1868.

On several years after 1833, and before and after

1866-68, there were unusual numbers of those meteors seen

on the mornings of November 13, H, and 15, though per-

haps they would have been unnoticed had there not been

special watching for them. It will be seen that all these

showers are at intervals of a third of a century, that they

are at a fixed day of the year, and that the day has moved
steadily and uniformly along the calendar at the rate of

about a month in a thousand years. The change of twelve

days in the 17 th century is due to the change from old to

new style.

The only explanation of this periodical display that ia

now seriously urged, and the one which is universally

accepted by astronomers, is that there is a long thin stream

of meteoroids, each of which is traveUing about the sun in

a conic section. These conic sections are all nearly

parallel, and have near.'j the same major axis, extending

oiit about as far c"; iz, the orbit of Uranus, and each requir-

ing the common period of thirty-three and a qtiarter

years. The length of the stream is such that the most
advanced members are six or eight years ahead of tie

hindermost, and they all cross the earth's orbit with a
velocity of about 26 miles a second. Since the earth

plunges through the group nearly in the opposite direction,

the velocity with which they enter the air is 44 miles a

second. One of the facts which have greatly aided us in

arriving at this explanation is that these meteors in all

the years and through all hours of the night cross the sky
as we look at them in lines which diverge from a point

near the centre of the sickle in the constellation Leo ; hence
the paths in the air are paraUel. This implies ,that their

velocities relative to the sun are all parallel and equal to

each other. ' The radiation from Leo has given to them the

name Leonids.

Orbit of the Leonids.—This orbit, common to all the

Leonid meteors, is inclined to the ecliptic at an angle of 1
7'

(or rather 163°, since the motion is retrograde), has a major
axis of 10'34, a periodic time of 3327 years, and a peri-

helion distance a little less than unity.

The above orbit, and that alone, explains the severaS

appearances of the November meteors, the annual and the

tlmty-three year periods, the radiation from Leo, and the

change of day of the month in the course of the centuries,

This it does so completely that the result has never been
questioned by astronomers. Shortly after the publication

by Professor Adams in i867 of the last link in the chain

of the proof of this orbit, there was also published the

definitive orbit of the comet 1866 I. That the comet was
running almost exactly in the orbit of the meteors was al

once recognized. In fact the comet is itself, in a sense, a
meteoroi(^ and the principal member, so far as we know,
of the group. Leonids had been seen in 1863, two years

and two months in advance of the comet, while those of

1866 were ten months behind it. Those of later years (a

few Leonids were seen even in 1870) were extended along

the line of the comet's path behind it. The leaders of this

long file of meteoroids had passed up beyond the orbit of

Jupiter long before those which brought up the rear had
crossed that planet's orbit going down toward the sun.

The thickness of the stream is less than the ten-thousan'Jth

part of its length. In the densest part that we Lave

recently passed through—namely, that traversed in 1833

—

the density of the stream may be expressed by saying that

each meteoroid must in the mean have been 10 or 20
miles from its nearest neighbours.

What viakes this Comet and these Meteors describe tht

same Orbit about the Suti?—Its path might have been

inclined to the ecliptic at any angle instead of 163°. Or,

with this inclination, its plane might have cut the earth's

orbit at any other place than where the earth is on the Htb
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of November. Or, happening to have these tivo elements

in common, it might have passed the earth's orbit nearer

the sun or farther away from it than the earth is. Or,

having these three things in common, it might, by a slight

difference in velocity, have had a periodic time much more

or much less than thirty-three years. Or, with aU these

in common, it might have crossed the earth's orbit at a far

different angle than the meteors. These several independ-

ent elements for the comet and the meteors are substan-

tially identical, and this identity proves almost beyond

doubt that between the two either there is now an actual

or else there has been in the past a causal connexion.

That there is now any physical connexion is thoroughly

disproved by the immense magnitude of the stream, and

by the isolation and distances from each other of the

individual components. It seems difficult to find any cause

that should bring into such a strangely shaped group

bodies that had originally orbits distributed at random.

Hence we are apparently forced to conclude that these

meteoroids have something common in their past history.

In fact they seem to have been once parts of a single body,

and these common elements are essentially those of the

parent mass. By some process not yet entirely explained

they have become separated from the comet, thrown out of

the control of its attractive power, and so left to travel

each one in ita own orbit. If the cause of separation was

not too violent, each new orbit would necessarily be but

slightly different from that of the comet. Very small

variations in velocity, and hence in periodic time, would

in the course of ages scatter the several individuals along

the orbit even to the length of many hundreds of millions

of miles.

The Meteor Group is not the Comeths Tail.—These

meteoroids must be carefully distinguished from the

comet's tails. The former follow or precede the comet

exactly in the comet's path : the particles that compose

the latter are driven off by the sun's repulsion directly

away from the comefs path. The meteoroids and the

comet have orbits with nearly common elements ; the

orbits of the particles of the tail have elements that are

unlike each other, and unlike those of the comet. The
meteoroids are undoubtedly soUd masses ; the tails are

pulverulent or gaseous.

Twin Comets of 1366.—The comet 1866 I. is probably

not the only one that has been connected with the November
meteors. In 1366, a few days after the earth went through

the meteor stream, a comet appeared in the northern

heavens, and, passing directly in the line of the stream so

close to the earth as to describe an arc of 90° in a single

da, , disappeared tn the constellation Aquarius. Immedi-
ately upon its disappearance a second comet was seen in

the north, which followed nearly in the same path. The
Chinese accounts are not sufficiently exact to furnish

independent orbits for them, but both comets were
undoubtedly members of the Leonid stream. The comet
1866 I. may be identical with one of them.

The Andromeds aiid Biela's Comet.—Jlention has been mnde of the
star shower of November 27, 1872. The periodical comet known
as Biela's, which makes three revolutions in twenty years, passes

very near the earth's orbit at a longitude corresponding to
I November 27, but by reason of its direct motion the node has

had considerable motion in longitude as the result of perturbations.

Meteors having the same orbits as Biela's comet would have a

]

radiant in the constellation Andromeda, that is, would cross the

1 sky in lines diverging from a point in that constellation. They
I

might, however, be at dates after or even before November 27.

Unusual numbers of meteors were seen December 7, 1798, by

I

Brandes. A like abundance was seen December 7, 1833 ; and, as

they had been expected, and radiation was now looked for, they
were found to divrge from a point in Andromeda. Hence they
have been called Andromeds. Since 1852 Biela's ooraet itself has
been entirely lost. The star shower of November 27, 1872,

previously referred to, had a radiant in Andromeda, and in evry

way appeared as though its meteors had once been parts of Biela's
comet A sprinkle three days e.arlier, on the night of November
24, had the same radiant, and came from a less dense outlying
parallel stream. A small comet was seen in the southern sky by
Pogson in the direction opposite to the radiant shortly after the
shower. Biela's comet had been found in 1845-46 to be in two
parts, which at its nest return to perihelion in 1852 had separated
to eight times their former distance. But the meteor streams of
1872 could hardly have been separated from the comet so recently,
and the Pogson comet if of the same origin must also have left the
parent mass at an earlier date than 184.5. No ordinary perturba-
tions would in a short period have so changed the orbits. The
parts of the small stream faversed by the earth, December 1838 and
December 1798, were far from the comet, and these fragments must
have been thrown off much earlier.

The Pcrseids and the Comet 1862 III.—There is a third epoch
when meteors appear in unusualnumhers, viz., the 9th to 11th of
August. This "sprinkle," as it may be called, has been seen con-
stantly at the time named for nearly fifty years, and there are
on record accounts of similar appearances in the earlier years befoia
its annual character had been discovered. Some observers have
thought that there were evidences of a variation having a long
period, but tie proof seems as yet unsatisfactory, and the display
may be regarded as tolerably constant from year to year. On every
10th of August we may conlidently expect a display ot meteors that
shall be at least four or five times as numerous as those of ordinary
nights. The radiant is in the constellation Perseus, and hence the
name Perseids.

The comet 1862 III., which has a period of more than a hundred
years, passes close to the earth's orbit, nearly cutting it at the place
of this shower, and has a velocity and direction corresponding to

this radiant. Hence a connexion of the Perseid meteors with this

comet is presumed, like that which the Leonids and Andromeda
have with the comet 1866 I. and Biela. The meteors are distri-

buted along this orbit more rcgiilarly than along either of the other
two, and at the same time the breadth ot this group is a hundred
times greater than that of the Leonids. We must for the present
regard it rather as a meteor ring, the meteoroids being scattered
along the entire conic section which the comet describes. This ring
has an inclination of 113° with the ecliptic.

Meteors of April 20-21

—

Lyraids.—About the 20th of April there
have been several quite brilliant star showers, the earliest on
record having been in the year 687 B.o. On that day meteors have
been observed which radiated from Lyra, and to these the name
Lyraids has been given. The comet 1861 I. passes near the earth's

orbit in that longitude, and any meteors having such a connexion
with it as is proved for the Leonids with comet 1806 L would alio

radiate from Lyra.

Again, at several other periods of the year, meteors have "ixia

seen in unusual numbers which seem to be connected with certain

comets.

Meteor Radiants.—We have thus definite proof that the

earth at certain epochs plunges through meteor streams,

and that these streams travel along the same track as cer-

tain comets. The question is at once asked^Do not the

sporadic meteors, those which are seen on any and all

nights of the year, belong to similar streams ? An immense
amount of labour has been spent in observing the paths of

meteors, and classifying them, so as to detect and prove the

existence of radiant points. As many as a thousand such

radiants have been suggested by the different investigators.

Some of these are duplicates, some will prove to be acci-

dental coincidences ; but a goodly number may reasonably

be expected to endure the test of future observations.

Such will show the existence of meteor streams, and per-

haps will be connected with comets that are now known,

or that may hereafter be discovered.

The radiants have been spoken of as if they were points

in the heavens. This is so nearly true as to justify aU the

conclusions that have been deduced above. But in fact a

radiant, even in the star showers in which it is most

sharply defined, must be regarded as a small area. The

apparent meteor paths when produced backward do not

exactly meet in a point. If they be treated as proceeding

from a small area, it does not appear that this is a long

narrow one. Hence it may be shown that the paths of

the meteors in the air are not exactly parallel either to a

line or to a plane. This can hardly be due to a want of

parallelism of the paths before the meteoroids meei; the

earth, but is rather due to their glancing as they strike the
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aiif. These facts add not a little to tlie difRculties to be

overcome by the energetic observers and investigators who
are trying to deduce order out of an apparent chaos.

Meteorites.—The fragments which fall immediately after

the disajjpearance of large meteors have been carefully

collected and preserved in mineralogical museums, and have

been studied with special interest. The largest collections

in Europe are in Vienna, Paris, London, and Berlin, some

of these representing over three hundred localities. In the

United States there are large collections at New Haven.

Amherst, and Louisville.

In several respects these fragments differ at first sight

from terrestrial rocks.

They are when found almost always covered in part or

entirely with a very thin black crust, generally less than

n'jy of an inch in thickness. This crust may have a bright

lustrous surface, or it may be of a lustreless black. It has

evidently been melted, yet so rapidly as not to change in

the least the parts of the stone immediately adjacent.

Streaks showing the flow of the melted matter are often

seen on the surface, fpon some surfaces are what appear

to be deposits of the melted matter that has flowed oS from

the others. Some surfaces are only browned, showing an

apparently recent fracture, and some cracks are found in

stones which are not yet completely broken in two.

The surfaces very often have small cup-like cavities,

sometimes several inches in diameter, sometimes Uke deep

imprints in a plastic mass made by the ends of the fingers,

and sometimes still smaller. These " cupules " have not

only various sizes in different stones, but even in the same
stone differ considerably from one surface to another. They
appear in meteorites that are almost exclusively iron, as

weU as in those mainly destitute of that metal, and they

may be regarded as a characteristic of meteorites.

The meteorites have usually rnetallic iron as one of their

component parts. Native iron is very rare indeed among
terrestrial minerals, and its presence in the meteorites is

therefore characteristic. Sometimes the iron forms the

principal part of the body, giving it the appearance of a

taass of that metal. Sometimes it forms only a connected

framework which is filled in with mineral matter. Some-
times particles of iron are scattered through a stony mass

;

and a few meteorites are said to be destitute of metallic

iron altogether. The metallic iron is always accompanied
with nickel.

The stony meteors when broken or cut through have
usually a grejrish interior, and often exhibit a peculiar

globular structure. From the small rounded grains that

give it this appearance, the name chondrite (from ;^dvSpos,

a ball) has been applied to this kind of meteorite. Some-
times the irregular fragments are compacted into a kind of

breccia.

The pieces as we find them are always apparent frag-

ments of some larger mass, and there is no structural

appearance which would indicate that the mass might not

be a fragment of a still larger one. In some of the falls

fragments picked up at a distance of miles from each other

fit together in their simply browned surfaces, showing that

they were true fragments recently separated. In some
cases surfaces of the stones are partially polished. In some
a cross section of the stone exhibits thin black lines as

though the melted matter of the surface had been forced

into the crevices of the partially broken stone.

The stones when soon to fall, if at once picked up, are

usually too warm to be taken in the hand. But cases are

on record in which the stones were excessively cold. They
sometimes, on striking the ground, penetrate into it from '

to 3 feet In extreme cases large ones have struck much
deeper into soft earth. Sometimes they are broken to

pieces by the impact with the hard earth.

I'ne stones are usually not very large. Although the

light of the meteor is such as sometimes to be seen over a

region lOuO miles in diameter, and the detonation gives

phenomena suggestive of an earthquake over many counties,

yet a stone exceeding 100 D) is quite exceptional in our col-

lections. The total weight secured at any fall has rarely if

ever amounted to a thousand pounds. The average weight

of nine hundred and fifty perfect specimens of the Paltusk

fall in the Paris museum is 67 grammes, or less than 2i
oz. One of the Hossle meteorites in the Stockholm ruuseum

weighs less than 1 grain. Many of the Emmet county mete-

orites (May 10, 1879) are not much larger, though the

largest specimen of that fall weighs nearly 500 lb.

Meteors traversing the Atmosphere.—We can no v get a
.

very good idea of the history of that part of a meteorite's

life between its entrance into the air and its arrival at the

earth. It is entirely invisible untU it has reached that height

at which the density of the air is enough to create con-

siderable resistance. Up to that time it moves almost

exclusively in obedience to the sun's attraction. The
earth's attraction may be neglected, especially dm-iuj^- the

passage through the air. Since the velocity is a hundred

times that of sound, the elasticity of the air is impotent to

remove it from in front of the meteorite, or to prevent a

high degree of condensation. Perhaps the air is liquefied

immediately in front of the stone. Heat is developed in it

enormously, and the stone being pressed closely against the

hot air is melted, with an intense light. The condensed air

charged with the melted matter is pushed aside, and left

behind nearly in the wake of the meteor to form the train:

The brightness of the train rapidly diminishes behind the

meteor, so that the light of the meteor and the train, modi-

fied by irradiation, make the whole appear to a distant eye

of the shape of a pear or candle-flame. The stone being a

poor conductor of heat, and itself rigid, is not heated in the

interior either by condensation or conduction, and may
reach the ground with its surface only heated, while the

interior is as cold as it had been out in space.

If the s'.one is a smaU one it wiU soon be used up by

this intense fire. UntU its front surface is rounded by the

flame, the irregular resistances may cause such a stone to

glance. But if the stone is larger it will lose velocity less

rapidly. As it comes down into the region where the air

is more dense, it will in spite of loss of velocity meet greater

resistance. The air pressed hard against it burns it un-

equally, forming cupules over its surface. The pressure

of the air cracks the stone,—perhaps scaling off smaU frag-

ments, perhaps breaking it into pieces of more uniform

size. In the latter case the condensed air in front of the

meteor being suddenly relieved will expand, giving the

terrific explosion which accompanies such breaking up. In

either case a fragment may have stiU velocity enough to

burn on for an instant in its new path and then come
invisibly to the earth, covered with a coating, the greater

part obtained after the principal explosion. In the latter

part of the course the original velocity has almost all dis-

appeared, so that the sound travels faster than the meteor.

The air's resistance exceeds the earth's attraction, and the

stones strike the ground only with the force of a spent

cannon baU. It is no doubt in violent disruption that some
of the fractures are made in such a way as to give the

rubbed and polished surfaces.

Trains of Meteors.—The smaller meteors generally have,

no perceptible train. Only in exceptional cases do the

trains of ordinary shooting stars remain visible longer than

a fraction of a second. An unusual number of the Leonids
have a bluish train. But the brighter shooting stars and
the larger meteors sometimes have trains that endure for

minutes, and in extreme casea for an hour. Such train*

are at first long narrow lines ol light, though much short*.
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than the track of the meteor. They begin at once to

broaden in the middle and to fade away at one or both
ends. Presently they become curved, sometimes with two
or three convolutions. The white cloud floats' slowly away
among the stars, coiling up more and more, and finally

fades out of sight. The cause of ail this seems to be as

follows. The heated air charged with the debris of the

meteor is by the meteor's impact driven off horizontally,

causing the narrow train to spread into a cloud. The
currents of air differing in direction at different altitudes

twist the cloud into its varied fantastic forms. Attempts
to obtain the spectrum of the trains have been made, and
sodium and magnesium lines have been thought to be
detected in them. The observation, however, is one that

is not easy to make or confirm. The trains have often

colours other than white, and in the case of the brighter

meteors different colours are seen in the different parts of

the train.

Magnitude.—Some computations have been made of the

size of the shooting star meteoroids from the mechanical
equivalent of the light developed by their disintegration.

If all the energy of the meteor is changed into light, then
these computations would be conclusive. But a part is

spent in disintegrating and burning the stone, a part

in heating the air, and a part in giving direct motion to

portions of air. A computation based on the light developed
£ives only a lower limit to the size.

It seems probable that the larger meteors might be safely

regarded as weighing on entering the air only a few
hundreds or at most a few thousands of pounds. The
smallest visible shooting stars may be equal in size to

coarse grains of sand, and still be large enough to furnish

all the light exhibited by them. The largest shooting

stars furnish matter enough to fill with thin trains

cubic miles of space, but this need not require a very
large mass.

Meteork Irons.—There have Been found at various times on the
surface of the earth masses of metallic iron combined with nickel.

These have been so like the irons which have been known to fall,

both in their structure and in composition, that they have been
without hesitation classed among the meteoric irons. A mass of

this character weighing 1635 tb, found in Texas, is in the Yale
College Museum. The Charcas (Mexico) iron in the Paris museum
is about the same size. A ring-shaped mass somewhat smaller,
from Tuczon, is in the United States National Museum in

Washington. A still larger mass is in the British Museum, and
many other large masses are in public collections or private
possession.

Widmannstditen Figures.—If in any of the meteoric ii'ons, whether
seen to fall or found on the earth, a section is cut and polished and
then etched with acids, a series of peculiar lines are developed
which are known as Widmannstatten figures. The lines of iron

Duattacked' by the acid consist of an irregular grouping of parallel

rulings often lying along the faces of a regular octahedron. The
exhibition of these figures and the combination of iron with nickel

have been usually considered conclusive evidence of the meteoric
origin of any iron mass.
Nickel Iron of Ovifak.—In 1870 Baron Nordenskidld, in his voyage

to Greenland, found on the shore of the island of Disco fifteen iron

masses, the largest of which weighed 20 tons, all in an area of half

an acre. In the basaltic rocks not far distant other iron masses
were found embedded in the basalt. The presence of nickel with
the iron, and the development of lines like the Widmannstatten
figufes, were at once accepted as proof of their meteoric origin, in

spite of the combination with basalt. A more complete examina-
tion has, however, established the terrestrial origin of these irons,

and given reasons to hope for new discoveries of relations existing

between the earth and the meteors. The additional discovery
of small particles of metallic iron in certain other igneous rocks
proves that the union of the Ovifak irons with basalt is not excep-
tional.

Chemical ConstittUion of the Meteorites.—No new element has
been found in the meteorites. Three elements most widely distri-

buted and most important among fhe meteorites—iron, silicon, and
oxygen—are also most abundant in our earth. Daubree gives the
following lists of elements, arranged somewhat in the degree of

their importance, in meteorites (Maskelyne adds lithium and
antimony):—

IG—

7

Arsenic.

Phosphorus.
Nitrogen.
Sulphur.
Chlorine.

Carbon.
Hydrogen.

Iron. Titanium.
Magnesium. Tin.
Silicon. Copper.
Oxygen. Aluminium
Nickel. Potassium.
Cobalt. Sodium.
Chromium. Calcium.
Manganese,

Minerals i'l Meteorites.—Among the minerals in the meteorites
there are several which occur in the rocks on the earth. Among
these are cited by Daubree peridote, pyroxene, enstatite, triclinic
felspar, chromite, maguotio pyrites, iron oxide, graphite, and
probably water. Several minerals, however, are found which, so
far as now known, are peculiar to the meteorites :—metallic nickel-
iron, phosphide of iron and nickel (schreibersite), sesquisuluhide of
chromium and iron (daubr^elite), sulphide of calcium (oldhamite),
and chloride of inn (kiwreucite).

Meteorites of different falls are in general unlike ; but there are
many instances in which the stones of two falls are so similarly
constituted that it ;s not easy to distinguish them.

In four falls (Alais, Cold Bokkeweld, Kaba, and Orgeuil) the
stones contain little or no iron. In these carbon appears not as
graphite but in union with hydrogen and oxygen, and also with
soluble and even deliquescent sahne matters. The combinations
are such as to suggest the existence of humus and organic remains.
But after careful search nothing of this kind has been detected in
them. In general the meteorites show no resemblance in their
mechanical or mineralogical structure to the granitic and surface
rocks on the earth. One condition was certainly necessary in their
formation, viz., the absence of free oxygen and of enough water to
oxidize the iron and other elements. Perhaps it is to this fact that
are due the resemblances between these minerals and those of the
deep-seated rocks of the earth in the formation of which free

oxygen and water were also not present.
Gases in Meteorites.—The meteoric stones and irons when

reduced to fine particles and placed in the vacuum of a Sprengel air-

pump give off small quantities of gases which may be reasonably pre-
sumed to have been occluded by the irons at some time in their eafliei
history. Professor Graham found hydrogen in meteoric irons.
Professor Wright has shown that a moderate heat drives off from
the stony meteorites carbonic acid and carbonic oxide with a
small amount of hydrogen. As the heat increases tha proportion of

hydrogen (and even some nitrogen) increases till at a full red heat the
hydrogen givenoff is by far the largest portion. From the irons similar
gases are given ofiT, but the carbon compounds are not so large a
component as hydrogen. The spectra seen in the tails of comets are

not strikingly like those of any of these gases. But it is impossible
to reproduce in the laboratory the conditions under which the
matter of comet's tails is giving off its light. W^e cannot therefore

say that these gases may not be the important parts of the cometic
coma and tails.

Meteoroid as Part of a Comet.—Assuming that the meteorite and
meteoroid once formed an integral part of a comet, not a little

information is given us of the nature of this mysterious body.
There is room also for speculation.

First, the comet may be a single hard body which comes from
the cold of space into the heat of the sun, and there has frag-

ments broken otf, just as a stone is shattered in a hot fire. The
nucleus of some of the comets must be very small because invisible

in the telescope, and an impulse that would raise a stone on the
earth only a few inches would send it permanently away from such
a comet. The exposure of new surfaces to the heat of the sun might
give occasion for the development of gas to form the comet's tail.

Or, secondly, the comet may be a tolerably compact aggregation of

small bodies not in contact, each one being of the size of a

meteoroid, and kept near to the rest, not by cohesion, but by their

combined attraction. The total mass being small, some niemben
of the group near the comet's perihelion passage can bejjy the sun's

perturbing action thrown out into orbits quite independent of the

comet itself, and yet such as relative to the sun shall resemble that

of the main group. Perturbations resembling tidal waves might be

preparing other members to be cast off at the next perihelion

passage of the comet.

In either case, it we suppose, as seems probable, that the comet
came from outside the solar system, and that a disturbance by a

large planet changed the original hyperbolic orbit into an ellipse,

the comet must have passed that planet as a very compact group, if

not in a single mass, else the disturbance that changed the orbit

would have scattered the group beyond the power of a future recog-

nition of the common origin of the fragments.

Meteoroids as Fuel of the Sun.—The idea has been held by
distinguished physicists that the meteoroids in falling into the

sun furnish by their concussion a supply for the beat which the

sun is constantly sending off into space,—that they are in fact the

fuel of the sun." Such a view, however, receives but little support

from facts which we know about meteors. The meteoroids of the

August and two November periods ore evidently permanent
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members of the solar system moving in closed orbits. Tlie same is

by inference highly probable for most of tlio other mcteoroids, and

may bo true of oil of them. Permanent members of the solar

system, however, if they ever fall -nto the sun, do so only after a long

period of perturbation. If any mcteoroids come from stellar spaces

and have any uniform or random distribution of velocities or direc-

tions, only a very small portion of these would hit the sun's surface.

The far greater portion would go ou in hyperbolic orbits. But

the earth receives the impact of its portioa of these foreign

meteorolds, both in their inward and outward course, and in

addition encounters a full share of the permanent members of the

solar system, of which the sun receives very few or none. It is

not hard to show that a supply of mcteoroids to the sun sufficient

to make good its daily loss of heat would require that the twenty

million mcteoroids which the earth daily encounters, even if all w ere

from stellar space, should have on average weight of hundreds of

tons. The facts do not warrant the admission of any such magni-

tude even for the large meteors, much less for the ordinary and

small shooting stars. Whatever be the source of the sun's heat,

all the mcteoroids of which we know anything are totally inade-

quate to supply the waste.

The literature of meteors and mcteoroids is very much scattered.

It is mainly contained in the scientific journals and in transac-

tions of learned societies. The series of valuable ReporU of the

Luminous Meteor Committee of the British Association contains

not only the record of an immense amount of original observations,

but also year by year a digest of most of the important memoirs.

Meteoric science is a structure built stone by stone by many
builders. In this article no attempt has been made to assign to

each builder the credit for his contribution. (H. A. N.)

METEORA, a remarkable group of rock-built monas-

teries in Thessaly, in the northern side of the valley of the

Peneus, not qyite 20 miles north-east of Triccala, and in

the immediate vicinity of the village of Kalabaka, Stagus,

cr Stagoi (the ancient .(Eginium). From the Cambunian
chain two vast masses of rock are thrust southward into

the plain, surmounted by a number of huge isolated columns

from 85 to 300 feet high, " some like gigantic tusks, some

liKe sugar-loaves, and some like vast stalagmites," but all

consisting of iron-grey or reddish-brown conglomerate of

gneiss, mica-slate, syenite, and greenstone. On the summit

of these rocky pinnacles—accessible only by aid of ropp

and basket let down from the top, or in some cases by a

series of almost perpendicular ladders climbing the cliff to

the mouth of a tunnel—stand the monasteries of Meteora

(ra McTtupa). At one time they were twenty-four in

number; but HoUand (1812) and Hughes (18U) found

them reduced to ten; at Curzon's visit (ISSl) there were

i only seven ; and in 1853 not more than four of these wert

I inhabited by more than two or three monks. Meteora par

excellence is the largest and perhaps the most ancient. The
' present building was erected, according to Leake's reading

I of the local inscription, in 1388 (Bjijrnstahl, the Swedish

traveller, had given 1371), and the church is one of the

largest and handsomest in Greece. St Barlaam's and
St Stephen's (the latter founded by the emperor John
Cantacuzene) are next in importance. The decorations of

the churches contain a large amount of material for the

history of Byzantine art, not much inferior in value to the

similar treasures at Athos.

Unless the identification with the Ithome of Homer be a sound
one, there is no direct mention of the rocks of Meteora in, ancient

literature, and Professor ' Kriegk suggests that this may simply be
due to the fact that they had not then taken on their present re-

markable form. jEginium, however, is described by Livy as a

strong place, and is frequently mentioned during the Koman wars;
and Stagus appears from time to time in Byzantine writers.

See Holland, Travels in the Ionian Isles, Ac, 1815; Hughes. Travels in Greece
and Albania, 1830 ; Curzon. Visit to Monasteries in the Levant, 1849 ; Leake, Xor-
thern Greece; Piofessor Krieck in Zeitschr. /. allg, Erdk., Berlin, 1858; Tozer.
Researches in the Jiighlandj of Turkey, 1869.

METEOEOLOGY
METEOROLOGY, in its original and etymological

^sense, included within its scope all appearances of

the sky, astronomical as well as atmospherical, but the term

is now restricted to the description and explanation of the

phenomena of the atmosphere which may be conveniently

grouped under weather and climate. These phenomena
relate to the action of the forces on which the variations

of pressure, temperature, humidity, and electricity of the

atmosphere depend, but in an especial sense to the aerial

movements which necessarily result from these variations.

In the more exact development of meteorology, the

scientific investigation of climate long preceded that of

weather. Humboldt's work on Isothermal Lines, published

in 1817, must be regarded as the first great contribution

to meteorological science. The importance of this inquiry

into the distribution of terrestrial temperature it is

scarcely possible to overestimate, for, though the isothermals

were necessarily to a considerable extent hypothetical,

there cannot be a doubt that they presented a first sketch

of the principal climates of the globe. Dove continued

and extended the investigation, and in his great work On
the Distribution of Heat on the Surface of the Globe, pub-

lished in 1852, gavi charts showing the mean temperature

of the world for each month and for the year, together with

charts of abnormal temperature. To this, more than to

any other work, belongs the merit of having popularized

the science of meteorology in the best sense, by enlisting in

its service troops of observers in all paI^-^ of the civilized

world.

In " 868 another series of important charts were pub-

lished representing by isobaric lines the distribution of the

mass of the earth's atmosphere, and by arrows the prevail-

ing winds over the globe for the months and the year.

By these charts the movements of the atmosphere and the

immediate causes of these movements were for the first

time approximately stated, and some knowledge was
thereby attained of some of the more difficult problems of

meteorology. It was shown that the prevailing winds are

the simple result of the relative distribution of the mass
of the earth's atmosphere, in other words, of the relative

distribution of its pressure, the direction and force of the

prevailing winds being simply the flow of the air fi-om a
region of higher towards a region of lower pressure, or from
where there is a surplus to where there is a deficiency of

air. It is on this broad and vital principle that meteorology

rests, which is found to be of universal appli(iatio5

throughout the science, in explanation, not only of prevail-

ing winds, but of all winds, and of weather and weather
changes generally. One of the more important uses of the

principle is in its furnishing the key to the climates of the

different regions of the earth ; for climate is practically

determined by the temperature and moisture of the air,

and these in their turn are dependent on the prevailing

winds, which are charged with the temperature and

moisture of the regions they have traversed. The isobaric

charts show further that the distribution of the mass of

the earth's atmosphere depends on the geographical distri-

bution of land and water in their relations to the sun's

heat and to radiation towards the regions of space in

different seasons.

In 1882 Loomis published a map showing the mean
rainfall of the globe. This map and others that have been

constructed for separate countries show conclusively that

the rainfall of any region is determined by the prevailing

winds considered in relation to regions from whi'-h they

have come, and the physical configuration and temperature

of the part of the earth's surface over which they blow.

The maximuni rainfall is precipitated by winds which.
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haAiig traversed a large breadth of ocean, come up against

and blow over a mountainous ridge lying across ttieir path,

and the amount deposited is still further increased if the

winds pass at the same time through regions the temper-

ature of which constantly becomes colder. On the other

hand, the rainfall is unusually small, or nil, when the pre-

vailing winds have not previously traversed some extent

of ocean, but have crossed a mountain ridge and advance

at the same time into lower latitudes, or regions the

temperature of which is markedly higher.

While the observational data for the determination of

the geographical distribution of the prime elements of

climate, viz., the pressure, temperature, moisture, and
QQOvements of the atmosphere and the rainfall were being

slowly but surely collected, the great imjiortance of the

study of weather came gradually to be recognized.

Additional impetus was given to this branch of study from

its intimate bearings on the eminently practical question

of storm warnings. Synchronous weather maps, showing

the weather over a considerable portion of the earth's

surface, were constructed, and some advance was made in

tracing the progress of storms from day to day. Unques-
tionably one of the first problems of meteorology is to

ascertain the course storms usually follow and the causes

by which that course is determined, so as to deduce from
&e meteorological phenomena observed, not only the

certain approach of a storm, but also the particular course

that storm will take. The method of practically conduct-

ing this large inquiry in the most effective manner was
devised by the genius of Leverrier, and begun to be carried

out in 1858 by the daUy publication of the Bulletin Inter-

national, to which a weather map was added in September
1863. This map showed graphically for the morning
of the day of publication the atmospheric pressure, and
the direction and force of the wind, together with tables

of temperature, rainfall, cloud, and sea disturbance from a
large number of places in all parts of Europe. From such
weather maps forecasts of storms are framed and suitable

warnings issued ; but above all a body of information in a
very handy form is being collected, the careful study and
discussion of which is slowly but gradually leading to the

issue of more exact and satisfactory forecasts of weather,

and to a juster knowledge of these great atmospheric move-
ments which form the' groundwork of the science.

The most cursory glance is sufficient to show that the

ever-changing physical phenomena with which it is the

business of meteorology to deal are all referable to the

action of the sun, it being evident that if the sun were
blotted out from the sky a cold lifeless uniformity would
rapidly take possession of the whole surface of the globe.

Meteorological phenomena naturally group themselves into

two great classes,—those dependent on the revolution of

the earth on its axis, and those dependent on its revolution

round the sun taken in connexion with the inclination of

its axis to the plane of its orbit. The science thus divides
itself into two great divisions, the first comprising diurnal
phenomena and the second annual phenome

DiUENAL March of Phenomena.
Temperature.—Of the daily changes which take place

in the atmosphere, the first place must be assigned to those
which relate to temperature, seeing that on these all other
changes are either directly or indirectly dependent. Obser-
vations of the temperature of the air are therefore of the
first importance in meteorology. A perfectly accurate
observation of the temperature of the air is unquestionably
among the most difiicult to make of all physical observations,
the difficulty being to ehminate the effects of radiation of

surrounding objects. The nearest approach yet made to

the solution of this important problem of physical inquiry

]
was made by Dr Joule in a communication to the

Philosophical -Society of ilanchester (November 26, 1867,
Pruc, vol. v-ii. p. 3.')). But the manipulative skill and
time demanded by the method there detailed render it quite

unsuitable for general adoption anywhere in collecting the
observational data required in the determination of this

important element of climate. It is therefore necessary to

fall on some method which, while it gives results that can
only be regarded as approximate, secures the essential

element of uniformity among the observations.

Fig. 1 represents Stevenson's louvre-boarded box for thei ther-
mometers, wliich is now very widely used for temperature observa-
tions. The box is made of wood, and louvred all round so as to
protect the thermometers inside from radiation, and at the same time
secure as free a circulation of air as is consistent with a satisfactory

protection from radiation. The box is painted white, both inside
and outside, and serewed to four stout wooden posts, also painted
white, firmly fixed in the ground. The posts are of such a length
that wlien the thermometers are hung in position the bulbs of the
minimum thermometer and hygrometer are exactly at the same
height of i feet above the ground, the maximum thermometer being

Fio. 1.—Thermometer Box.

hung immediately above the mininmm thermometer. This ther-

mometer box is placed over a plot of grass, and in a free open space
to which the sun's rays have free access during as much of the day
as surrounding conditions admit of. It will be observed that the
thermometers are suspended on cross-laths in the centre of the box
and face the door, which should always open to the north. It is

not possible to overestimate the importance of seeing that uniformity
of height above ground and method of protecting the thermometers
is secured, since in no other way is it possible to obtain results from
different places which shall be comparable with each other and thus
supply satisfactory materials for the investigation and development
of comparative climatology.

A desired uniformity is yet far from being attained

among the meteorological systems of different countries.

Thus in Russia the box for the protection of the thermo-

meters is made of zinc, on the supposition that such a box
follows more closely the changes of temperature of the air

than a box of wood. Owing to these international diversi-

ties of observation, it is extremely desirable that streps

were taken to ascertain, by Joule's method of observing,

the approximate errors peculiar to each sort of thermometer

box, in order that the temperatures of different countrie?

may be compared together in a more satisfactory manner
than has yet been possible.

Interchanges of temperature among bodies take place by
conduction, convection, and radiation. In meteorology

the most important illustrations of conduction are the pro-

pagation downwards through the earth's strata of the

changes of the temperature of the surface as it is heated

during the day and cooled during the night, and the pro-

pagation of the same changes of temperature through the

lowest stratum of the air which rests on the surfaca. Since

sand and light loose soils are much worse conductors of

heat than clay and dense soils, it foUows that loose soils
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and tracts of sand are subject during the day to higher

temperature and during the night to lower teiniierature near

the surface than dense soils, and that frosts and extreme

temperatures do not penetrate so far into looae as into

dense ^ils. It is on these differences that some of the

more striking features of climates depend. As snow is one

of the worst conductors of heat, owing to'the quantity of air

tilling the interstices among the ice crystals, it protects the

6oil it covers by setting a limit to the depth to which the

eevcre frosts of the surface penetrate, and by arresting the

escape of the heat of the soil upwards to the air.

The communication of heat from one part of the earth

to another by convection is seen on a grand scale in the

winds and in the currents of the ocean. It is seen also in

the ascending and descending currents of the atmosphere

everywhere, which have their origin in the daily and

unequal changes of temperature to which the surface of the

earth is subject. The direct and beneficial effect which

results from atmospheric and oceanic circulation is a more

equable distribution of temperature over the globe, thus

moderating the rigours of the polar regions and the heat

of the tropica.

An interchange of heat is constantly going on among

bodies exposed to each other, whatever be their tempera-

ture. This mode by which heat is communicated from

one body to another is called radiation. Radiant heat

proceeds in straight lines, diverging in all directions from

the source, is only in a limited degree influenced by the

air through which it passes, and is not diverted from the

straight course by the wind. The intensity is proportional

to the temperature of the source, and is greater according

to the degree of inclination of the surface on which the

ray3 fall.

If then a body be placed in the presence of other bodies,

eome colder and some warmer than itself, it will from this

mutual interchange of temperature receive more heat from

the warmer bodies than it radiates to them, and conse-

quently becomes warmer ; but it will receive less heat from

the colder bodies than it radiates to them, and its

temperature consequently falls. This is precisely the

condition in which the earth is placed in space. When a

part of the surface is turned towards the sun, that part of

the surface receives more heat than is radiated from it

;

and the temperature consequently rises most in that region

which for the time is perpendicular to the sun's rays, and

least round the annulus where the inclination of the surface

is greatest. On the other hand, since the hemisphere

turned from the sun radiates more heat than it receives

from the cold regions of space, the temperature there falls.

Owing to the essentially distinct conditions under which

the earth is placed with respect to radiation, the subject

falls naturally to be divided into two heads, solar radiation

and terrestrial radiation.

Solar Radiation.—Of the sun's rays which arrive at the

earth's surface, those which fall on the land and solid

bodies generally are wholly absorbed by the thin surface

layer exposed to the heating rays, the temperature of

which consequently rises. Whilst the temperature of the

surface increases, a wave of heat is propagated downwards
through the soil. The intensity of the daily wave of

temperature rapidly lessens with the depth at a rate

depending on the conductivity of the soil, until at about 4

feet below the surface it ceases to bo measurable. Part of

the heat of the surface layer is conveyed upwards through

the air by the convection currents which have their origin

in the heating of the lowermost stratum of air in direct

contact with the heated surface of the land.

Altogether different is the influence of the sun's rays on
water. In this case the sun's heat is not all, indeed very

l.ir from all, arrested at the surface, but penetrates to a

considerable depth. The depth to which the influence of

the sun is felt has been shown by the observations made
during the cruise of the " Challenger " to be, roughly

speaking, about 500 feet below the surface of the sea.

The rate at which, in jierfectly clear water, this heat is

distributed at different depths is a problem that has not

yet been worked out. Since water is a bad conductor, the

heat thus distributed does not, as takes ]ilace w-ith res])ect

to land, penetrate to still lower depths by conduction, but

only by different densities jirevailing at the same depths,

whether these different densities be due to diflcrcni

temperatures or different degrees of salinity. Thus one

of the more important distinctions between land and

water surfaces in their bearings on climate is that nearly

all the sun's heat falling on land is arrested on the surface,

whereas on water it is at once diffused downwards to a

great dejith. In examining temperatures of the sea taken

at different depths, it is surprising to note the rapidity

with which changes of temperature are felt at considerable

depths, especially in cases when the temperature of the air

rises rapidly, accompanied with strong sunshine.

In shallow water the sun's heat raises the temperature

much higher than that of deep water, this being obvious

from the consideration that nearly the whole of the sun's

heat which falls on the surface is utilized in raising the

temperature of the shallow layer of water ; in other

words, it is, so to speak, concentrated through a small

depth of water instead of being diffused through a great

depth.

Surface Temperature of the Sea.—The importance of a

knowledge of this datum of meteorology will be at once

recognized when it is kept in view that three-fourths of

the earth's surface is water, that the temperature of the

air resting on this surface is in close relation to tho

temperature of the surface, and that the latter has, through

the intervention of the winds, direct and important

bearings on the temperature of the air over large portions

of the land surfaces of the globe. During the years

1859-63 Captain Thomas, while engaged on the survey of

the islands on the north-west of Scotland, made observa-

tions of the temperature of the surface of the sea every

hour of the day at all seasons, and with sufficient

frequency for the determination of the diurnal range of

the temperature of the surface. The daily minimum,
0°"17 below the mean, occurred near 6 a.m.; the mean was

reached about 11 a.m., the maximum, 0°"13 above the

mean, between 3 and 4 p.m., and the mean again shortly

before 2 a.m. Thus the daily oscillation of the temperature

of the surface of the sea amounted on the north-west of

Scotland only to 0°'3. In lower latitudes the amount of

the daily fluctuation is somewhat larger, but everywhere it

is comparatively small, if care be taken to make th»

observations properly, or at a distance from land, where

the influence of the heated or cooled land is not allowed

to vitiate the results.

During the voyage of the "Challenger" a complete

system of meteorological observations, including the tem-

perature of the surface of the sea, was made every two

hours as part of the scientific work of the cruise. These

are now being discussed, and the writer of this article is,

by permission of the Lords Commissioners of H.M.
Treasury, allowed to use such of the results as have been

already arrived at.

The diurnal march of the temperature of the surface of

the. North Atlantic has been determined from observations

made on one hundred and twenty-six days from March to

August 1873 and in April and May 1876, the mean
latitude of all the points of observation being nearly 30 N,,

and the longitude 42^ W. The following variations from

the mean Bhcv the tih?.ses of *iiis diurnal nscillatics :

—
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2 A.M.
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0-24
0-33
0-29
0-12

10 A.M. 06
Noon 0-24

2 p.m. 0-47
'4 „ 0-47
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nortb of tho place, by which the sun's rays are never

obstructed, it exercises little, if any, influence on the

observations : but if one or more hills obstruct the rays

of the sun after it has risen above the horizon, such obstruc-

tion afiects the temperature while, and for some time

after, the position in which the thermometer is placed is

shaded from the sun.

Brewster further made the important remark that the

mean of observations made at any pair of hours of the

same name, such as 8 a.m. and 8 p.m., 9 a.m. and 9 p.m.,

&c., does not differ much from the mean temperature of

the day. The jjairs of hours which approximate closest to

the true daily mean are 9 A.M. and 9 p.m., 10 a.m. and 10

P.M., 3 A.M. and 3 p.m., and 4 a.m. and i p.m. The mean

of four hours at equal intervals from each other gives a

result still closer to the true mean temperature.

Id orgauUing aov system of meteorological observation, by wliich

it is intenJed to develop the climatology of the country, the de-

termination of the hours of observation is a question of the first

importance. If only two observations be made daily the best hours

are 9 a.m. and 9 p.m., or 10 a.m. and 10 p.m. ; and if there be four

observations the best hours are 8 and 9 A.M. and 3 and 9 p.m.,

or 4 and 10 A.M. and 4 and 10 P.M. If there be three observa-

tions the best hoars are 9 a.m. and 3 and 9 p.m., or 10 a.m.

and 4 and 10 P.M.; but in these cases it is essential that the

observations of a minimum thermometer be added to the tempera-

ture observations. These hours are further strongly recommended
by the consideration that they are approximately coincident with

the diurnal phases of atmospheric pressure, an exact knowledge
of which lies at the root of nearly all climatological inquiries.

The three equidistant hours which have been adopted in several

countries, viz., 6 A.M. and 2 and 10 P M., are only good as regards

the temperature, not as regards atmospheric jiressure. With re-

spect io two daily obsiervations, the hours 8 AM. and 1 P.M., which
have been adopted in some countries, are singularly unsuitable

for the furnishing of the observational data required in the de-

velopment of the climatologies of these countries ; and, what is

Btill more serious in a science where international co-operation is so

imperatively demanded, these observations cannot be used with
any satisfaction in such deeply important inquiries as tho com-
pariti"* climatologies of Europe.

Tho times of occurrence of the highest, lowest, and
mean daily temperatures, and the amount of the daily

range of temperature, are in a great degree influenced by
the covering or want of covering of the earth's surface on
which the air rests. When. the ground is covered with
vegetation, the whole of the solar heat falls on the

vegetable covering ; and, as none falls immediately on the

soil, its temperature does not rise so high as happens where
there is no vegetable covering to shade the surface from
the sun. The temperattire of plants exposed to the sun is

not so high as that of exposed soil in the vicinity. As
regards forests, the four diurnal phases of temperature
occur later, than in the open country, and the maximum
and minimum are less decided ; and, since the maximum
temperature of the air in forests falls short of the maximum
in the open to a considerably greater extent than the
minimum under trees is above the minimum in the open,
it follows that the mean temperature of the air in forests

is less than that of the open country adjoining. The
reason of the difference is that the chilling effects of
nocturnal radiation penetrate lowtr down among the trees

than do the heating effects of solar radiation ; and as the
soil is not heated directly by the sun its temperature is

lower, and consequently that of the air over it is also

lower. A cleared space in a forest, sheltered by the sur-

rounding 'rees, but open to the sim, has a warmer and
moister atmosjAere in spring and summer and very much
moister in autumn than prevails in the open country
adjoining, and has also the diurnal differences of range
peculiar to a warm-;r and moister atmosphere.
One of the most important elements of climate is dis-

closed by the ditforonoe between the hour of lowest and
the hour of highest mean temperature respectively, or, as

it is usually expressed, by the daily range of temperature.

We have seen that as regards the sea in the north-west of

Scotland the difference is only 0°-3 and in the Atlantic

about 30^ N. lat. 0°-8, and that probably the diurnal range

of temperature of the surface of the sea nowhere amounts to

a degree. In the same part of the Atlantic the daily range

of the temperature of the air resting on the ocean is 3°"2,

and on the sea near land 4°'4. On advancing on the land,

the daily range of temperature rapidly increases, and tho

rate of increase is greatly augmented when an inland

position is arrived at to which any sea breezes that may
prevail do not extend.

Tho true daily range of temperature is stated by obser-

vations made with maximum and minimum thermometers.

Generally speaking, the amount of the range increases as

the latitude is diminished, and as the distance from the sea

is increased, but above all it increases in proportion to tho

dryness of the climate.

The differences of this vital element of climate are strikingly shown
In the meteorology of India. In the Report for 1880 the following

are the mean daily ranges of March of that year at a few places :

at Goa 5°4, Bombay 11 2, Kurrachee 23°-5, Jacobabad 37°-4, and
Pachbudra (lat 25° 55' N., long. 72° 18' E.) 41°-3. In the last

case, undoubteilly one of the greatest mean daily ranges of tem-

perature meteorology has yet recorded, the mean of tne days was
103°'4 and of the nights 62°-l. As March is altogether within

the season of the north-east monsoon, the--general drift of the

wind over western India, where these are situated, is from the

interior towards the sea, subject as regards Bombay and Goa to

the influences of the land and the sea breeze. On the other hand,

in June, when the south-west monsoon has fairly sot in, the

following are the mean daily ranges of temperature at the same
places: at Goa 5°'6, Bombay 8°

'2, Kurrachee 10°, Jacobabad 27°'6,

and Pachbudra 24°*1. These show in a striking manner the

powerful influence of the moister atmosphere spread over India by
the south-west monsoon, under which tne daily range of tempera-

ture falls at Kurrachee from 23°-5 to 10°, and in the excessively

arid climate of Pachbudra from 41°-3 to 24°-l. In these dry

climates of the basin of the Indus, whilst the rainfall both in March
and in June is practically nil, yet the relative humidity of the

atmosphere is widely different. 'Thus the humidities for March and

June respectively at 4 P.M., when the temperature is nearly the

maximum for the day, are 48 and 77 for Kurrachee, 18 and 30 for

Jacobabad, and 11 and 36 for Pachbudra. It is not so much the

amount of cloud that determines the degree of fierceness of the sun's

heat in these climates as the relative humidity, or the di-yness of

the air, as pointed out by Strachey in 18G6. Thus at Jacobabad

less than half the amount of cloud appears in the sky in June
as compared with March, but the relative humidities are 30

and 18, and the daily range of temperature 27°'6 and 37°'4. If

we except tho dry arid wastes of Persia and Arabia, there is

perhaps no other region of the rfobo where the daily range of

temperature approaches that of the valley of the Indus. Thus
in the dry climates of such places as feacramento (Califoruia)

in summer it amounts only to about 30°, at Madrid to 27°, and

Jerusalem 24°. In central districts in the south of England

it is about 20°; farther north it falls to 16°; and in the islands

in the north, whose climate is strictly insular in its character,

the summer daily range is only 10°. In Arctic regions, such

as Spitzbergen and Boothia Felix, the range in winter varies

from 0°'0 to 1°"0 ; in May, when the sun has reappeared and
continues to rise and set, it rises to 14°; but in July, when the

8un does not set, the range sinks to 10'

But maximum and minimum thermometers not only

show the mean daily range of temperature, they are also

of great utility in giving observations for the determination

of mean temperature. The mean temperature may be

accepted as the mean of the twenty-four hourly observa-

tions of the day. If with such a system of observation

daily readings of the maximum and minimum thermometer
be compared, the value of the latter observations in

questions of mean temperature may be arrived at. Double
series of observations of this description have been made
at many places. The following shows a comparison of the

mean of maximum and minimum daily temperatures with

means from observations made twenty-four times daily,

the former exceeding the latter means in nearly all

cases :—
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minimum occurs at the hours of the day when the surface

of thp land is most highly heated, thn ascending current

of heated air rising from it therefore irtrongest, and the

resulting breeze from the sea towards the land also strongest.

Now it docs not admit of a doubt that the diminution in

the amount of the aqueous vapour noted on board thp

" Challenger " near the shore points to an intermixture

with the air forming the sea breeze of descending thm

air-filaments or currents to supply the place of the masses

of air removed by ths ascending currents which rise from

the heated surface of the land. At Batavia, on the north

ooast of Java, and at Bombay, the aqueous vapour is also

subject to d secondary minimum during the warmest hours

of the day.

During the summer months this secondary minimum is

best marked at inland places such as Peking, Nertchinsk,

Barnaul, Tiflis, and Ekaterinburg, but the time of its

occuirenoe is about two hours later than it is over the

North Atlantic. Over all these places at this season the

ascending current from the heated land in the interior of

Asia is very strong. On the other hand the lowering of

the amount of aqueouj vapour scarcely if at all appears as

a feature in the summer climate of St Petersburg, and

not 8t all in that of Sitka, where the sea breeze is equally

not a constant feature of the climate of the district.

In the excessively dry, rainless, and ho,t climate of Allahabad, in

April the diurnal minimum of the ariueous vapour occurs from

11 A.M. to 6 P.M., the time of absolute minimum being 2 and

8 P.M. During all other hours of the day the amount of the

vapour is above the mean, a secondary minimum occurring from

1 to 4 A.M. At Allahabad, at this time, the absolute maxi-

mum vapour pressure occurs at 8 A.M. Quito similar to this is

the diurnal distribution of the aqueous vapour in July at Lisbon

and Coirabra, the minimum occurring from 10 a.m. to 8 P.M. At

this time of the year the climate of this part of the peninsula is

hot and dry and the rainfall insignificant in amount As this

region lies between the high atmospheric pressure so characteristic

a feature of the meteorology of the Atlantic, in summer and the

comparatively low pressure over the continents southward and

eastward, the viiris are almost wholly north-westerly. In this

connexion it is instructive to note that the time of maximum
vapour pressure is from 4 to 7 a.m., when the velocity of the wind

is near the minimum, and the chief minimum vapour pressure

from noon to 4 p.m., when the velocity of the wind and ascend-

ic currents reach the daily maximum. These results show that

the diminution in the vapour pressure during the hours when

temperature is highest, which characterizes the climates of large"

tracts of the globe, is due to descending air-filaments or currents,

which necessarily accompany the ascending currents that rise from

the heated land.

At Geneva during the summer months the vapour curve exhibits

two daily minima very strongly marked, the one shortly before

sunrise and the other from 2 to 4 P.M., and two maxima^ one

from 8 to 11 a.m. and the other from 6 to 10 p.m.; and with

these the diurnal variations of cloud are in accordance. The

peculiarly marked features of the vapour curve at Geneva are

probably due to the size of the lake, which is large enough to

give rise to a decided breeze during the day from the lake all

round its shores and during the night to a breeze from the land

all round ujion the lake. On the setting in of the breeze, the

mass of air composing it, having been for some time resting on

the lake, is rather moist, and thus one of the daily maxima is

brought about from 8 to 11 A.M. As the breeze continues the air

supplying it is necessarily drawn from the higher strata of the

atmosphere more copiously than in different situations ; and, having

thus acquired increased dryness in the descent, and having blown

over the lake for too short a distance to materially induenco its

moisture, the air becomes constantly drier, tUl the minimum
from 2 to 4 P.M. is reached. The lake breeze thereafter begins to

diminish in force, and the air consequently becomes moister till the

maximum vapour pressure of the day occurs when the lake breezs

dies away and the land breeze has not yet sprung up. In the

winter months, when these breezes do not prevail, the curve of

diurnal vapour pressure shows only one maximum and minimum.

The rdativf humidity of the atmosphere must not bo

confounded with its vapour pressure or absolute humidity.

The relative* humidity, or, as it is more frecjucntly called,

the humidity, of the air is the 'degree of its approach to

saturation. Complete saturation is represented by 100

and air absolutely free of vapour by 0, the latter state of

things never occurring in the atsfiosphcre, a humidity of

10 being of rare occurrence even in such arid regions as

those of Arabia. The great significance of this element of

climate is in its relations to the diathermancy of the air,

and consequently to solar and terrestrial radiation. Tt is

supposed that perfectly dry air would allow rays of heat

to pass through it with at most only a very slight

increase to its temperature therefrom. Let, however, a

little aqueous vapour be added to it, a partial obstruction

to the passage of radiant heat is offered, and the tempera-

ture of the mixture, or common air, is sensibly raised.

Hence, other things being equal, the less the amount of

vapour the more are the effects of radiation felt, or the

greater the heat of the days and the cold of the nights.

The mere amount of vapour in the air does not determine

the degree of radiation, but it is the amount of vapour

together with a certain temperature—in other words, the

absolute and relative humidity of the air taken together

—

that determines the heating power of the sun and the

degree of cold produced by terrestrial radiation.

The diurnal variation of the relative humidity is vary

different from that of the vapour pressure, and presents

features of the simplest character. The following are the

diurnal variations from the mean humidity 80 over the

North Atlantic, from the "Challenger" observations in

1873:—
2 A.M. +2
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of the night,—because if the temperature falls a little

below the dew-point the liberation of heat as the vapoor

13 condea'^ed nto dew speedily raises it, and if it rises

higher the loss of heat by radiation speedily lowers it.

This cousicieration suggests an important practical use of

the hygrometer, it being evident that by ascertaining the

dew-point the approach of frost or low temperature likely

to injure vegetation may be foreseen and provided against.

Diurnal Oscillations of the Barometer.—The general

character of the daily oscillations of atmospheric pressure

is shown by the two curves of fig. 2. The solid

line gives the mean oscillatiou for Bombay and the

4 A



122 TilETEOROLOGY [barometeio

snrface of the globe. The following are the mean varia-

ions of pressure from observations made on board the

'Challenger," September 1 to 12, 1875, in mean latitude

r 8' S. and long.
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to latitude and geographical position. This maximum is

(herefore caused by accessions to the mass of the atmosphere

overhead, contributed by the ascending currents from the

longitudes of the afternoon low pressure immediately to

westward.

As midnight and the early hours of morning advance,

these contributions become less and less and at length

cease altogether, and pressure continues steadily to fall.

But between the time when the increase of pressure from
the overflow through the upper regions of the atmosphere

ceases and the time when pressure increases from the heat

rays, direct or indirect, of the returning sun, or during the

hours of the night when the effects of nocturnal radia-

tion are the ma.ximum, pressure is still further reduced

from another cause. Radiation towards the cold regions

of space takes place, not only from the surface of the

globe, but also directly from the molecules of the air and
its aqueous vapour. The effect of this simultaneous cool-

ing of the atmosphere through its whole height is neces-

earily a diminution of its tension. Since this takes place

at a more rapid rate than can be compensated for by any
mechanical or tidal movement of the atmosphere from the

regions adjoining, owing to the inertia and viscosity of the

air, pressure continues to fall to the morning minimum.
This minimum is thus due, not to the removal of any of

the mass of air overhead, as happens in the case of the

afternoon minimum, but to a reduction of the tension or

pressure of the aij consequent upon a reduction in the

temperature through radiation from the aerial molecules
towards the cold regions of space. In the open ocean the

morning minimum is largest in the equatorial region.?, and
it diminishes with latitude ; but the rate of diminution
with latitude through anticyclonic and other regions is

generally less and more uniform than in the case of the

ifternoon minimum.
The amplitude and times of occurrence of the phases of

the diurnal barometric tides are subject to great modifica-

tions over the land. The amplitude of the oscillation

from the morning maximum to the afternoon minimum is

gx'eatest where the atmosphere is driest and the sky
clearest, and least where the atmosphere is highly saturated

and the sky more frequently and densely covered with
clouds, being thus generally the reverse of what is observed

to take place over the open sea. ' The meteorology of India

affords the most striking illustrations of this remark. At
Bombay in April during the dry atmosphere and clear

skies of the north-east monsoon, the oscillation is 0"118

inch ; but in July during the humid atmosphere and
clouded skies of the south-west monsoon it falls to 0'067

inch. In the Punjab, where the air is drier, it is much
greater, rising in exceptional years, such as 1852, to 0'187

inch. The much greater amplitude of this oscillation on
land as compared with the open sea is entirely due to the

heating of the earth. By this heating of the surface the

lower strata of the air become also highly heated and the

tension is increased ; and, since the air does not expand
freely, vertically and laterally, from its inertia and viscosity,

the barometer rises. When, however, the resistance is

overcome, the ascending current which sets in is stronger

owing to its higher temperature. Since this higher

temperature which has its origin in the superheated

surface is in addition to the direct heating of the air by
the heat rays of the sun as they pass through it, the

morning maximum and the afternoon minimum over land

are both more extreme than over the open sea. It follows

that this oscillation is much larger over land, and largest

in climates where insolation is strongest.

In places already referred to where the morning maxi-

mum is greatly retarded, such as Helder, Sitka, Valentia,

.and Falmouth, the afternoon minimum in the summer

months is singularly small,—so small indeed that it doea
not fall so low as the mean pressure of the day. Thia
peculiarity in the diurnal barometric tide is in all prob-
ability due to their insular position to the westward of

a more or less extensive tract of land, by which a tidal

overflow is propagated through the upper regions from the

continental towards the insular situations. This tidal

overflow receives its impulse from the ascending current

from the land, which rises sooner and stronger from inland

than from insular situations. On the other hand, on the
open sea, and away from land in regions where the morn-
ing maximum and afternoon minimum are both small, the
minimum always falls below the mean of the day, and the

time of occurrence of the ma.\imum is not retarded as is

the case in insular situations. A map of deviations from
the daily mean pressure of the morning minimi' •• m
summer shows, as regards the middle and higher latitudes,

that it is greatest near the sea, and least in inland con-

tinental situations. Indeed in the interior of the Old-World
continent the dip in the curve in the early morning is so

small that the minimum does not fall below the daily mean
pressure, but at most places remains considerably above it.

The same relations are seen in north-western Europe, where
the morning minimum is-0'020 inch at Valentia and
Falmouth, -0-018 inch at Helder, and -0-012 inch at

Amsterdam, whUst at Kew it is only - 0-602 inch. From
its compact form and relations to the surrounding ocean,

the Spanish Peninsula well illustrates the peculiarities of

this phase of the pressure. The deviations from the daily

mean pressure of the morning minimum are at Lisbon
-0-022 inch and Coimbra- 0-011 inch, but at Madrid
in the interior -f O'OOO inch,—pressure in the last case, just

as happens in the interior of Asia, not falling so low as the

daily mean.

The larger minimum near the sea arises from the higher

temperature there during the night as compared with

more inland situations, from which results a tidal overflow

through the upper regions from the sea towards the land,

as the temperature of the latter falls lower than the sea

during the night. The effect of this overflow is to reduce

the pressure over those regions whence it proceeds and to

increase it in those regions over which it advances. The
shallowing of the morning minimum is greatest in the

higher latitudes of continental climates and most complete

at great elevations, where in some cases the minimum
v.anishes,—in other words, where the amount of aqueous
vapour is small and the time is short during which no part

of the atmosphere overhead is touched by the sun's rays.

Since the peculiarity is observable in the curves over nearly

the whole continent, appearing even in the low latitudes

of Calcutta and Madras, it might be suggested whether we
have not evidence here of a vast tidal movement propagated

through the higher regions towards that trough-like section

of the atmosphere as it moves westwards over the continent

where the temperature of the lower strata of the air is

about the minimum of the day and pressure also about

the minimum.
Reference has been made under Atjiosphere to the

smallness of the range from the a.m. maximum to the p.m.

minimum in the North Atlantic durinp summer. This

phase in the diurnal distribution of pressure is represented

in fig. 3, which shows for June the mean amount of

the oscillation by lines of 10, 20, 40, 60, 80, and 100

thousandths of an inch, or 0-010 inch, 0-020 inch, &c.

This abnormality begins in March, attains the maximum
in June, and terminates in October. It is thus confined

to the warmer months of the year, and, unlike most

meteorological phenomena, is not cumulative, but follows

the sun, so that its maximum occurs in June, and not in

July as that of the temperature of the air, or in August a»
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the temperature of the sea. The smallness of this range

over the North Atlantic, which is less than occurs in any

other ocean in the same latitudes, is to ft large extent

caused by the small dip in the diuL.al curve o' the after-

noon minimum.

Fio. S. —OsciliitiC'Ds cf Barorcotei for June.

If the map of the distribution of pressure over the globe

for July be examined (fig. 17) it is seen that this part of

the Atlantic is occupied by a well-defined area of high

mean pressure,—higher indeed than occurs at any season

over any ocean ; and it is shown below that out of this

area the surface winds blow in all directions. But, since

air is constantly being drained cut cf this region by
the wind without diminishing the pressure, it follows of

necessity that the high pressure must be maintained by
accessions of air received from above through the upper

currents. Now the regions whence such accessions can

come are the upper currents which have their origin in the

ascending currents that rise from the heated plains of Africa,

Europe, the belt of calms, and the two Americas sur-

rounding the North Atlantic. It is evident that the major

portion of each day's overflow of air from the continents

through the upper regions of the air upon the Atlantic,

whether this overflow takes place by convection currents or

from a tidal movement similar to what has been already

described, will take place during mid afternoon. In other

words, the overflow will occur about the time of the after-

noon minimum of the Atlantic, thus diminishing the dip of

this minimum, and so producing the abnormally small range
now under examination. It is in favour of tliis view that

the abnormality follows the sun's course and is not cumula-
tive, and is felt also on both sides of the Atlantic, even
although the weather on the east side is dry and all but
rainless, and on the west moderately moist and characterized

by a rather copious rainfall. It is also full of significance

that the peculiarity is most strikingly seen in that part

cf the ocean of the globe which is closely hemmed in by
Jarge masses cf land.

Influence of the Moon on Atmospheric Pressure.—Fifteen

years' hourly observations have been made at Batavia and
discussed by the late Dr Bergsma in their relation to the

lunar day, which vras assumed in the calculations to com-
mence with the time of the upper transit of the moon. The
result of the inquiry is that atmospheric pressure at Batavia
has a lunar tide quite as distinctly marked as the ordinary
diurnal barometri? tide, except that its amclitude is much
less. The four phases are these :

—

1st max. -f 0-0022 inch ot lunar hour 1

Ist inin. -0-0021 „ ,, „ 7
2d max. fO-0025 13
2d min. -0 0024 „ „ „ 19

The lunar tide has the important difference that its phases

follow the moon's apparent course much more closely than

the ordinary diurnal fluctuations of the barometer follow

that of the sun. The two maxima occur about the 1st and
13th, and the two minima about the 7th and 19th, whereas

these four daily phases of the diurnal barometric fluctua-

tion occur with respect to the sun's apparent course from

one to six hours later. It is interesting to note that -n the

higher latitudes in inland situations during winter, or at

times and in situations where the dl.^turbing influences of

temperature and humidity tend towards a minimum, the

times of occurrenca cf the four phases of the daily oscilla

tion of the barometer approximate to those of the daily

lunar atmospheric tide.

Since a distinct lunar tide is traced to the attractive

influence of the moon, it follows that th& attractive

influence of the sun will enter as one cf the several cause?

which determine the phases and amplitude of the diurnal

barometric curve. It also follows from the much less

attractive influence of the sun than that of the moon on
the earth's atmosphere that the etfects of the sun's attrac-

tion on the pressure will be wholly concealed by the much
larger effects of the other forces concerned in determining
the diurnal oscillation, except in the .-ase or cases where
the variation in the fluctuation is small at 1 and 7 a.m.

and 1 and 7 p.m. Now at places north of lat. 45° N. the

variation at 1 a.m. is small during the winter, and it is a

singular fact that some years ago Rykatchew of St

Petersburg drew the attention of meteorologists to the

existence at these northern stations of a faintly marked
third maximum ; and it is further of importance to remark
that, at many places where on the mean erf years the third

maximum is scarcely or not at all marked, it appears in

the mean of some of the separate years. Thus, though it

does not appear in the mean of the twenty years ending

1873 at Greenwich for January, it appears in nine of the

individual years. It is highly probable that this maxi-

mum, which may be named Rykatchew's maximum from
its discoverer, is due to the attractive influence of the sun,

its amplitude and time of occurrence being in accordance

with such a supposition.

Diurnal Variation of the Force of the Wind.—During
the three and a half years' cruise of the "Challenger,"

ending with May 1876, observations of the force and
direction of the wind were made on 1202 days, at leaat
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in fig. 4, where the figures on the left are Beaufort's scale,

and those on the right the equivalents in miles per hour.

The solid line shows at the different hours of the day
the mean force on the open sea, and the dotted line the

mean force near land.

As regards the open sea it is seen that the diurnal

variation is e.xceedingly small, there being two apparent

slight maxima, about midday and midnight respectively.

On e-xamining, however, the separate means for the North
and South Atlantic, North and South Pacific, and the

Southern Ocean, there is no uniform agreement observable

among their curves, the slight var-ations which are met
with being different in each case. It follows therefore

that the force of the winds on the open sea is subject to

no distinct and uniform diurnal variation. The difference

between the hour of least and greatest mean force is less

than a, mile per hour.

Quite different is it, however, with the winds encountered
by the " Challenger " near land, the force of the wind
there giving a curve as pronouncedly marked as the

ordinary diurnal curve of temperature. The minimum
occurs at 2 to 4 a.m. and the maximum from noon to 4

P.M., the absolute highest being at 2 p.m. The curves

constructed for each of the five oceans from the observa-

tions near land give one and the safme result, or a curve

closely accordant with the curve of diurnal temperature.

The differences between the hours of least and greatest

force are as follows :—Southern Ocean 6 J miles, South
Pacific 4J miles, South Atlantic 3J miles, and North
Atlantic and North Pacific 3 miles per hour.

In the case of each ocean the velocity of the wind on
the open sea is considerably in excess of that near land,

but in no case does the maximum velocity near land,

attained about midday, reach the velocity of the wind on
the open sea. The 650 daily observations on the open sea

give a mean hourly velocity of 17J miles, whereas the 552
near land give a velocity of only 12| miles per hour. The
difference is greatest at 4 a.m., when it ajnounts to upwards
of 6 miles an hour, but is diminished by the rising tem-
perature till at 2 P.M. it is less than 3 miles an hour.

At Mauritius, wliich is situated within the south-east tj-ades, the
minimum velocity of the wind is 97 miles jier hour, occurring from
2 to 3 A.M., from which it rises to the maximum 18'5 miles from
1 to 2 P.M., the influence of the sun being thus to double the wind's
Telocity. At Batavia, situated in a region where the mean baro-
metric gradient is much smaller, the differences are still more de-
cided. From 1 to 6 a.m. 85 per cent, of the whole of the obser-
vations are calms, whereas from noon to 2 p.m. only 1 per cent,
are calms. In all months, the minimum velocity occurs in the
early morning, when the temperature is lowest, and the maximum
froni 1 to 3 p.m., when the temperature is highest, the mean
minimum and maximum velocities being to each other as 1 to 21.
At Coimbra the mean maximum hourly velocity is five times
greater than the minimum hourly velocity in summer, whereas in
winter it is only about a half more. At Valentia, in the south-
west of Ireland, one of the windiest situations in western Europe,
the three summer months of 1878 gave a mean hourly velocity of
13'3 miles per hour, the minimum oscillating from 10 to 11 miles
an hour from 9 p.m. to 6 A.)i., and the maximum exceeding 16
milna m 1 ou! ftiuo 11 * u ti 5 p.il The aha)luto low.ot hiuily
mean waa 10 miles it II p.n., and ffci Liglicut 18 ii.ilus at 1 p. it.

,

the velocity about midday being thus nearly doable that of the
night. Many observatious might be added to these, including
those published by Hann, Kiippen, Hamberg, and others, which go
to establish the fact that the cun-es of the diurnal variation of the
Telocity of the wind generally conform to the diurnal curves of
tepiperatiue. The curves are most strongly marked during the
hottest months ; and the maximum velocity occurs at 1 p.m. or
shortly thereafter, being thus before the time of occurrence of the
maximum temperature of the day, and the minimum in the early
morning, or about the time when the temperature falls to the
lowest. The lule also holds good with all winds, whatever be their
direction. The exceptions to this rule are so few and of such a
kind that they are probably to be attributed to causes more or
loss of a local character.
Hann has shown, for a number of places in northern Europe, that

"uii a clear sky the velocity is doubled from the minimum to the

maximum, with a sky half covered the velocity is three-fourths
greater, and with a sky wholly covered the velocity is only a half
more. On the other hand at the strictly inland situation of Vienna,
with a clear sky the velocity is double, and with a sky half covered
it is two-thirds greater, but with a covered sky the diurnal varia-

tion in the wind's velocity becomes irregular and faintly marked.
Hann has also examined the winds at Vienna, and found that winds
of a velocity not exceeding 30 kilometres an hour show a mean
diurnal increase from 11 kilometres at 6 a.m. to 16-8 at 1 p.m., but
that winds of velocity exceeding 30 kilometres an hour exhibit only
a faintly marked and irregular increase of velocity during the day.

In offering an explanation of this remarkable fact regard-

ing the -diurnal variation in the velocity of the wind in all

climates, it is to be remarked that the minimum velocity

occurs when terrestrial radiation and its effects are greatest,

but the increase of the velocity closely follows the sun,

and> the maximum is reached nearer the time the sun
crosses the meridian than perhaps any of the other maxima
or minima of meteorology which are dependent on the

sun's diurnal course. It is also to be noted that the winds
over the open sea are practically uninfluenced by solar

I and terrestrial radiation, for there the diurnal curve of

< variation in the force of the wind is all but a straight line.

I On nearing land, however, the wind's force exhibits a
' diurnal curve of variation as distinctly marked as, and
I bearing a close resemblance to, the analogous curve of

temperature ; while on the land itself these features

become still more decidedly pronounced. Lastly, the

amount of the diurnal variation of the temperature of the

surface of the sea is less than a degree, whereas over all

land surfaces the diurnal variation of the' temperature is

large, even where the ground is covered, by vegetation, _and

enormously large over sandy wastes.

From this it follows that, so far as concerns any direct

influence on the air itself, solar and terrestrial radiation

exercise no influence on the diurnal increase of the velocity

of the air with the increase of its temperature,—or, if any
influence at all, such influence must be altogether insig-

nificant, as is conclusively sho^mi by the wind observations

of the "Challenger" over each of the five great oceans of

the globe. The same observations show that on nearing

land the wind is everywhere greatly reduced in force.

The retardation is greatest during the hours when the daily

temperature is at the minimum ; and it is particularly to

be noted that, though the temperature rises considerably,

no marked increase in the velocity sets in till about 9 a.m.,

when the temperature has begun to rise above the daily

mean. From this time the increase is rapid (see fig. 4)

;

the maximum is reached shortly after the period of strongest

insolation ; and the velocity falls a little (but only a little)

during the next three to five hours, according to season,

latitude, and position, and falls again to near the minimum
shortly after the hour when the temperature is at the

mean. Even at the maximum, the velocity near land

falls considerably short of the velocity which is steadily

maintained over the open sea by night as well as by day.

The period of the day when the wind's velocity is in-

creased is p^actic^lly limiled to the hours when the fc;mpera-

tura ia nbpTs tlin daily mean, and the iufluenca of this

higher tempeiatura is to eouultifact lo ooine eilunt tliu ra-

tardation of the wind's velocity resulting from friction and

from the viscosity of the air. The increase in the diurnal

velocity of- the wind is in all probability due to the super-

heating of the surface of the ground and to the consequent

ascensional movement of the air, tending to counteract the

effect of friction and of viscosity between the lowermost

stratum of the air and the ground. It is of importance

in this connexion to keep in view the fact that in cloudy

weather a temperature much higher than might have been

supposed is often radiated from the clouds down upon the

earth's surface," which accounts for the phenomenon of the

' Journal o/ ScoCtish Meteorological Society, vol. ii. p. 280
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diurnal variation in tbe wind's velocity occurring frequently

also in cloudy weather. On the other hand, during the

night, when terrestrial radiation is proceeding, the tempera-

ture of the surface falls greatly, and instead of an

ascensional movement in the lower stratum of the air thera

is rather a tendency towards a descensional movement (if

the wind be light there is an actual movement) of the

lowest air stratum down the slopes of the country ; and

since the friction between the wind and the surface of

the earth is tliereby increased the diurnal velocity of the

wind falls to the minimum during these hours (see also

p. 156).

Among the most marked exception:: to the general rule

of the diurnal distribution of wind force may bo cited the

bitterly cold furious blasts of wind encountered in narrow

valleys in such mountainous regions as the Alps during

clear and comparatively calm nights. These are simply

the out-rush of the cold air poured into the upper basins

of the valleys by the descensional currents from the slopes

which the chilling effects of terrestrial radiation set in

motion. On the other hand, the air of the valleys becomes

heated and expands during the day, thus giving rise to a

warm wind blowing up the-*'al]eys, which, on account of

the vapour it carries with it from the lower levels, fre-

quently covers the higher slopes and tops of the mountains

with cloud and drizzling rain.

Duirnal Variation in the Direction of the Wind.—In all

climates near seas and other large sheets of water, where

the distribution of atmospheric pressure is tolerably equable,

or the barometric gradient small, and the sun heat

moderately strong, land and sea breezes are of daily

occurrence. In such places a breeze from the sea gradually

sets in in the morning, which gradually rises to a stiff

breeze during the heat of the day and again towards

evening sinks to a calm. Soon after this a breeze sets in

from the land, blows strongly seaward during the night,

and dies away in the morning, giving place to the sea

breeze as before. These breezes are occasioned by the

surface of the land being heated in a much higher degree

than that of the sea during the day ; the air over the land

being thereby made lighter ascends, and its place is

supplied by the cooler air of the sea breeze drawn land-

ward, and partly also by descending currents, as shown
by the humidity observations of the " Challenger," which
indicate increasing dryness when the sea breeze is strongest.

Again during the night the temperature of the land and
of the air over it falls below that of the sea, and the air of

the land thus becoming heavier &.nd denser flows over the

sea as a land breeze. As the best-marked and most fre-

quently occurring cases of the sea breeze begin some
distance out at sea and gradually approach the land, it is

very probable that, as suggested by Blanford, the ascend-
ing heated air flows seaward as an upper current, and that
the increased barometric gradient thus caused largely
accounts for these breezes.

_
Sea and land breezes are thus iletermined by the relative posi-

tions of the land and its coasts, subject to a further modification
arising from the rotation of the earth. Thus on the coast of the
Gulf of Lyons the sea breeze fron> the south veers to south-west
and dies away as a west wind, wliile the laud breeze from the north
gradually veers to north-cast and dies away as an cast wind. On
the coast of Algeria, on the other hand, the sea breeze veers from
north to north-east and dies away in the east, whereas the south
land breeze veers to south-west and dies away in the west. Sea
breezes also occur in such unsettled climates as that of Scotland,
when the weather conditions are favourable. These conditions are
presented wlien an anticyclone oversincads tlie country, with its
accompanying fine settled weather, small variation in the distri-
bution of atmosjiheric pressure, clear skies, and consequently strong
sunshine. Under these conditions the following are the veerings of
the wind off the coast of Berwickshire. In the morning the wind is

north-west till about 10 a.m., when it veers to north, falling all the
time tiU finally it sinks to a calm. 4 little before noon it springs up

from northea-it or ca->t, veers to south-cast from 2 to S p.m., where

it continues till 7 P..M., about which time it veers to south and then

south-west, diminishing in force and finally sinking to a calm. About

sunset it springs uji from west, veering to north-west during the

night, where it continues till the following morning. The wind thus

virtually makes the round of tlie compass, is strongest from north-

west and south-east and weakest at north-east and south-west, being

thus strongest when its course is perpendicular to the line of coast.

The observations made by the " Cliallenger " in the region of the

north-cast trades in 1873 show a small diurnal variation in the

direction of the wind, the variation being from E. 47° 5' N. at 2

to 6 A.M. to E. 56° N. at 10 a.m. to 2 p.m., the variation being

thus 8° 55' towards north during the hottest hours of the day. At
JIauritius observatory, which is several miles from the sea, the

daily period in the direction of the wind is from E. 22° 16' S.

at 4 A.M., being the most southerly point, to E. 7° S. at 1 P.M.,

and thence back to E. 22° 15' S. at 4 a.m. The diurnal varia-

tion is 15° 15', and thus the influence of the sun impresses on the

wind at this observatory a more truly easterly character.

At the Austrian naval station at Pola, near the head of the

Adriatic, the daily variation in the uirection of the wind is well-

marked. Starting from a point east of south at 5 a.m., it gradually

veers round to westward, the most westerly point, almost due west,

being reached at 5 to 6 p.m., after which it gradually shifts back to

its starting-point in the morning. Here we have evidently a diurnal

wind-system different from that of the land and the sea breeze.

Pola is situated near the south-western extremity of the peninsula

of Istria, and the direction in the early morning of east by south 13

the direction the wind would take if a small anticyclone overspread

the peninsula ; arid the direction from the west in mid afternoon

is the direction the wind would have at Pola if the peninsula were

occupied by a small cyclone with the lowest pressure in the centre.

Now the influence of solar radiation is to form, through the

ascending current from the heated land, a diminution of pressure

over the land,—in other words, what is essentially a cyclone. On
the other hand, during the night the influence of terrestrial radia-

tion is to generate, through the cooling of the land and the air

resting above it, a relatively higher atmospheric pressure in the

interior of the peninsula with it« characteristic system of ont-

blowing winds.

At Coimbra, in July 18/8, the aiurnal variation of the wind's direc-

tion was from W. 49° 3?' N. at 2 to 6 a.m. to W. 33° 15' N.
at 4 to 6 P.M., the amount of the variation being thus 16° 22' in the

direction of west. At Valentia, in the south-west of Ireland, during

the summer months of 1878 the diurnal variation of the wind's

direction was from W. by S. at 7 to 9 A.M. to S.W. by
W. at 5 to 7 P.M. The variation was thus from a point nearly

south to a point nearly south-west, or through nearly 45°

in the direction of west. On the other hand, at Aberdeen
during the same months of 1878, the diurnal variation of the

wind's direction was from S.W. at 6 to 7 a.m. to S. by E. at 12

to 4 P.M., the variation being thus 56° from south-west in the

direction of east through south. Attention is here drawn to the

exactly opposite ways in which the diurnal veering or shifting ol

the wind takes places at Valentia and Aberdeen, but particularly to

the important circumstance that in each case the diurnal changes

in the wind's direction which actually occur ar^ precisely those that

would take place on the supposition that during the hottest hours
of the day an ascensional movement of the air sets iu from the

heated lands of the British Islands, and that an in-draught takes

place all rouud, which with the descending currents males good
the loss caused by the up-draught. Thus then both the diurnal

inci'ease in the wind's velocity and the change in its direction

which observation shows to take place during the hottest hours of

the day are traced to the same cause, viz., the heating of the

surface by the sun, the heating of the lowest stratum of air resting

on the surface, and the ascensional movements which are the neces-

sary result.

It is instructive to note that at Nukuss, at some distance to tlie

south of the Sea of Aral, where the summer direction of the wind is

northerly, the north component is at the daily maximum at 4 p.M
,

having shifted into this direction from north-east, where it is at

9 A.M. Much or nearly everything remains to be done in working
out this problem in its practical details as one of the important
elements of climatology, with the view of arriving at some definite

knowledge of the influence of physical configuration and different

vegetable coverings of the surface ou radiation and on the velocity

and direction of the wind.

Diurnal Variation in the Amount of Cloud.— Mists and

fogs are visible vapours floating in the air near the surface

of the earth, and clouds are visible vapoiu's at a consider-

able height. These forms of visible vapour are all produced
by whatever lowers the temperature of the air below the

dew point,—such as radiation from the molecules o£ the

atmosphere towards the cold regions of space, the simple
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expansion of the air of ascending currents, the mixing of

cold air n'ith air that is warm and moist, and the cooling

of the air in contact with the surface of the earth wh«n its

temperature has been lowered by nocturaal radiation.

The forms of clouds are endless. Since clouds are

subject to certain distinct modifications from the same
causes which produce other atmospheric phenomena, the

face of the sky may be regarded as indicating the operation

of these causes, just as the face of man indicates his mental

and physical states. Hence the importance of the study

of clouds, and hence the necessity of a nomenclature of

clouds as the basis of accurate and comparable observations.

An adequate nomenclature of clouds is still a desideratum.

Luke Howard's classification, which continues to hold its

ground as a provisional nomenclature, was proposed by
him in 1 S03, and by it clouds are considered as divided

into seven kinds. Of these, three are simple forms, the

cirrus, the cumulus, and the stratus ; and four intermediate

or comi)ound, the cirro-cumulus, the cirrostraltis, the

cumulo-stratus, and the cumulo-cirro-stnitus, nimbus, or rain

cloud.

The cirrus cloud consists of wavy, parallel, or divergent

filaments, which may increase in any or all directions. It

is the cloud of the least density, the greatest elevation, and
the greatest variety of figure. It is probable that the

particles composing it are minute crystals of ice or snow-
Jlakes. The cirrus is intimately connected with the great

movements of the atmosphere ; and it is solely from the

movements of the cirrus that We have any direct know-
kdge of the upper currents of the atmosphere. In recent

years much has been done, particularly by Professor

Hildebrandsson of Upsala and Clement Ley, in investi-

gating the relations of this cloud to storms and other

changes of weather.

The cumulus is the name applied to those convex or

conical heaps of clouds which increase upwards from a

horizontal base. They are generally of^ a very dense

structure, are formed in the lower regions of the atmo-
sphere, and are carried along by the aerial current next

the earth. They form the tops of the ascending currents

which rise from the heated ground, and have a diurnal

period so well marked that they are often named the

"cloud of the day." The form of stratus comprehends
those mists and fogs which in the calm evening of a warm
summer day make their appearance in the bottom of valleys

and over low-lying grounds, and sometimes spread upwards
over the surrounding country like an inundatiott; they

have an equally well marked daily period, and are

frequently called the " cloud of night." The cirro-

cumulus is made up of small roundish masses, lying near

each other, and quite separated by intervals of sky. Ii

may be considered as formed from the cirrus by the fibres
|

of that cloud breaking, as it were, and collapsing into

roundish masses, thus destroying the texture but retaining

the arrangement of that cloud. This singularly beautiful

cloud is commonly known as a mackerel sky, and is of

most frequent occurrence during dry warm summer weather.

The cirro-stratus consists of horizontal masses thinned

towards the circumference, bent downwards or undulat-

ing, and either separate or in groups. Since this cloud

has great extent and continuity of substance, but little

perpendicular depth or thickness, it is the cloud which

most frequently fulfils the conditions for the phenomena
of coronae, solar and lunar halos, parhelia or mock suns,

and paraselense or mock moons. The cumulo-stratus

is formed by the cirro-stratus blending with the cumulus,

or spreading underneath it as a horizontal layer of vapour.

The cumulo-cirro-stratus, or nimbus, is the well-known
rain-cloud, which consists of a cloud or system of clouds

from which rain is falling. At a considerable height a

I

sheet of cirro-stratus cloud is extended, under which
cumulus clouds drift from windward ; these rapidly in-

creasing unite and appear to form one continuous grej^

mass from which the rain falls. The breaking up of the
lower grey mass indicates that the rain will soon cease.

When a rain-cloud is seen at a distance, cirri appear to

shoot out from its top in all directions ; and it is observed
that the more copious the rainfall the greater is the dis
play of cirri. The cirrus, cirro-cumulus, cirro-strat\is,

cumulo-stratus, and nimbus are connected more or less

closely with the great atmospheric movements of the
cyclone and anticyclone. In what follows here only the
amount of sky covered will be taken into account, and not
the species of cloud covering.

The diurnal variation in the amount of cloud in the sky
on the open sea is very small. The following are the means
of two hundred and seventy-seven days' observations on
board the "Challenger," stated in percentages of sky
covered :

—

2 A..M. ^9
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point to the fact that the current ascending from the

surface is broken up and thereafter grouped into separate

well-defined ascending currents, which are marked out and

overtopped by these cumuli ; and further it is probable,

from their well-defined position, that the air composing

the ascending currents is not only warmer but also more

humid than the air in the clear interspaces at the same

heights. It may also be regarded as highly probable that

it is do^vn through these clear interspaces that the descend-

ing air -filaments shape their course in their way to take

the place of the air-molecules that ascend from the heated-

surface of the earth.

The secondary nanimum occurs from about sunset

onwards during the time of the p.m. ma.ximum of atmo-

spheric pressure. In a highly saturated atmosphere, which

is so characteristic a feature of many tropical climates at

certain seasons, this time of the day is remarkable for the

amount cf cloud; and it is during those seasons and hours

that heat-lightning, or lightning without thunder, attains

its annual and diurnal maximum period, which is from six

to eight hours later than that of thunderstorms. The

morning maximum, shortly before and after sunrise, has

two quite distinct and characteristic clouds accompanying

it. One of these is the cumulo-stratus, which is a con-

sequence of the cooling of the atmosphere through all its

height by nocturnal radiation. As the colouring of the

cloudlets is often singularly fine, it has been a favourite

theme with poets of all ages and climes. The other, which

results from the cooling of the surface of the earth by

terrestrial radiation and thence of the lower stratum of

the atmosphere, is quite different, being a low creeping

mist, appearing first in low-lying situations, and gradually

extending upwards as the temperature falls. Fog is a

well-known form of this cloud, having its diurnal maximum
in the morning and early part of the day.

Diurnal Variation . in the Amount of the Rainfall.—
From the sixteen years during which hourly observations

of the rainfall were made at Batavia Dr Bergsma has given

ft table showing the diurnal variation, of which the follow-

ing shows how much per cent, of the total daily amount

feU every two hours :

—

8 A.M.tolO A.M. 5'5

10 ,, „ Noon 6-3

Noon ,, 2 P.M. 9 5

2 P.M.,, 4 „ 12-2

The diurnal curve of rainfall is thus very distinctly

marked at Batavia. The minimum is from 6 to 10 a.m.

and the maximum from 2 to, 6 p.m.,— 10'7 percent, falling

during the four hours ending 10 a.m., but 25"7 per cent,

in the four hours ending 6 p.m.

The observations were arranged and averaged by Dr Bergsn-.a

with the view of seeing how far the phases of the moon influence

the rainfall. The results for the eight phases of the moon,
beginning with now moon, showing tlie mean amount of rain in

twenty-four hours during tho seventeen years ending 1880, aro

these :— 0-243, 0-236, 0-190, 0-181, 0212, 0-183, 0-189, and 0-203,

and dfiily mean 0-205 inoh. The influenoo of tho moon's phases

on the rainfall at Iktavii is thus iiuite decided from Ihsse soreiiteen

years; for, while the mean daily rainfall is 0-205 inch, it rises af

full moon to 243 inch, from which lime it gradually falls tc

0-181 inch at the tliird octant, rises to 0212 inch at the fourth

octant, falls again to 0183 inch at tho fifth octant, and finally

rises to the maximum at the time of new moon.
At Coimbra, where tho rainfall has been observed every two

hours for the six years ending 1881, the means show a minimum
of 3-08 inches from midnight to 2 a.m. , a maximum of 4-03 inches

from 2 to 4 a.m., a second minimum of 3*20 inches from 10 a.m.

to noon, and a second ma.ximum from 2 to 4 p.m. These four

phfisos of tho rainfall aro pretty nearly accordant with the four

phases of tho barometric pressure, tho maximum periods being

near the times of minimum pressure, and tho minimum periods

near the times of maximum pressure. The rainfall at Philadelphia

shows a decided maximum at 6 p.m. and minimum at 3 a.m. At
Vienna during llio summer hal' of tho year there are three maxima
and three minima in the curve of the daily rainfall, the chief

Midt.
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during the six months from October to March. The mean
of the six hottest months shows the maximum to take

place from 3 to 4 p.m. and the minimum from 4 to 5 a.m.,

these being the times of occurrence of the two minima of

pressure. At this season, however, the morning Tninimiim

pressure is but faintly marked in such climates as those of

Siberia. During the twelve hours from 9 A.M. to 9 p.m.,

when the temperature is above the daily mean, 717 of the

whole number occu.red, thus leaving only 139 for the

twelve hours when the temperature is below the daily

mean. The great majority of the thunderstorms occur

during the part of the day when the ascensional movement
of the air from the heated ground takes place, and they

attain the maximum when the temperatiu-e and this

upward movement are also at the maximum. Owing to

the westerly winds from the Atlantic which prevail over

Europe and western Siberia during summer, the maximum
rainfall of the year occurs over this extensive region in this

season ; and the importance and significance of the inquiry

into this element of climate Lie in the fact that the greater

portion of the summer rains is discharged over these regions

by the thunderstorm. The " Challenger " observations on
the open sea show the maximum occurrence of thunder-

storms to be from 10 p.m. to 8 A.M., 22 being observed

during these ten hours and 10 during the other fourteen

hours of the day,—a result which suggests that over the

ocean terrestrial radiation is more powerful than solar

radiation in causing vertical disturbances in the eauUibrium
of the atmosphere.

Atmospheric vapour and ascending currents thus play

an important part in the history of these thunderstorms.

Where the climate is dry and rainless, like that of Jerusalem

in summer, thunder is altogether unknown. On the other

hand, where during a particular season an anticyclone with

its vast descending current in the centre remains over a

region, as happens over the centre of the old continent

during the winter, over that region thunder is equally

unknown during that season. Further, in such places as

Lisbon and Coimbra, where the summer rainfall is small

and its occurrence infrequent, thunderstorms become less

frequent, and the hours of their occurrence are later in the

day than they are before and after the dry season.

Tha thunderstorms at Mauritius call for special notice. There
are two maxima in the diurnal ciure, the larger from noon to 4
p. M. and the smaller from 8 to 6 A. M. , which are near the ttmes of
the barometric minima ; and two minima, from 9 p.m. to I.A.M.
and from 8 to 10 A. M., these being near the times of the barometric
maxima. But the important point as regards the thunderstorms
of Mauritius is that for twelve years none were recorded in June
and July, one only in August, one in September, and three in
October. The annual period of the thunderetorms of this island
extends from near the end of October to the middle of May, or
during the time of the greatest rainfall, practically none occurring
during the rest of the year. But rain continues to fall during
the four months of no thunder, the mean monthly rainfall being
then about 2 inchps, falling, however, in September to 1'3?
inches. During these four months, therefore, there is in tha air

the a(jueou3 vapour, and, these hems dry months, there is the
eoalition of ascending currents. Tliere appears, however, to
be then wanting another element which seems essential to

the electrical manifestations of the thunderstorm, viz., the con-
ditions which give masses of descending cold air along with
the ascending current of warm moist air. During the mouths
when thunder is of no unusual occurrence the high pressure of
Asia repeatedly advances, as Dr.Meldrum has pointed out, close on
Mauritius ; and so frequently is this the case that he considera the
belt of calms between the two trade winds to stretch in a slanting
direction from Madagascar to Ceylon. As long as this state of
things occurs with more or less frequency, the conditions of a
descending cold current of large volume are provided, and thunder-
storms occur. But during June, July, August, and September,
when atmospheric pressure is low in Central Asia, and there is an
imbroken increase of pressure from Asia southwards to Mauririus,
and while Mauritius remains in the heart of the south-east trades,
the conditions of descending cold currenta of any considerable
volume are not present, and thunder is there juxknown at that
season.

Now in eitnations which afford the ttree conditions of aqneoue
vapour, ascending currents, and descending cold current*, whilst
the diurnal and annual periods are quite distinctly marked, tha
phenomena are more uniformly distributed through the hours of the
day and months of the year than elsewhere. Pola and Fiume, at
the head of the Adriatic, being shut in and encompassed by lofty
Alps, are illustrations. At Fiume tha greater maximum occurs
from 11 A.M. to 4 P.M. and the smaller from 2 to 4 a. u., and the
minima from 10 p.m. to 1 am. and 5 to 9 a.m. While during the
twelve hours the temperature is above the mean of the day from
May to September the number of the thunderstorms hero was 245
for the nine years ending 1879, the number during the twelve
hours the temperature is under the mean was 185. The comnara-
tively large number during tha colder hours of the night is po doubt
due to the warm moist atmosphere of this confined sea and the
close proximity of the Alps.

There is still another set of conditions favouring the develop-
ment of thunderstorms in certain climates which the observations
made at Stykkisholm in the north-west of Iceland illustrate.

During the fourteen years ending 1879 there occurred here twenty-
three thunderstorms, but there was only one in the six warm
months from April to September , in other word.?, the thunder-
storms of this climate are essentially vdnter phenomena. Further,
of the twenty-three hours in which they occurred, only three wera
at a time of the day when the sun was above the horizon, vii.,

twice in March and once in September ; in other words, the thunder-
storms of Stykkisholm are nocturnal phenomena. It is instructive
to observe that in the north and north-west of Scotland thunder
occurs most frequently during the night and in winter, whereas i:i

central, southern, and eastern districts it occurs most frequently
during the day and in summer,—the thunderstorms in the former
case approximating in type to those of Iceland and in the latter
to those of Ekaterihburg. A little reflexion shows that in north-
western Europe it is during winter and during night that warm
moist ascending and cold dry descending currents are most fre-

quently brought into close proximity during the great Atlantic
storms of the season ; and it is at the changes of wind, humidity,
and temperature accompanying the pass^e of the centres of tha
cyclones, that the thunderpeals areneari On the other hand,
in the east and south of Scotland it is during the hot months
of the year that these ascending columns of warm moist air and
descending columns of cold dry air are most frequently brought
together, and there, accordingly, thunder with tne heavy rains

which accompany it is of most frequent occurrence from 11 a.m.
to 5 P.M. from May to September These essentially different types
of thunderstorms have been classed by Mohn as heat thunderstor 's

and cyclonic thunderstorms.

Given an initial difference of electric potential, it is easy

to understand from the effects- which follow the sudden
extraordinary condensations of the aqueous vapour that

take place how the most violent thimderstorms are pro-

duced. The difficulty is to account for the production of

the initial difference of electric potentiaJ,—how, for

example, in the same great aerial current of the south-west

monsoon, t.hia difference of potential is produced iu the

molecules of aqueous vapour at Calcutta but not in the

aqueous vapour at Mauritius. It is to the physicist that

meteorologists still look for the explanation.

Diurnal Period in the Occurrence of the Whirlwind,

Waterspout, Dust Storm, and Tornado.—Whii-lwinds,

waterspouts, dust storms, and tornadoes are essentially the

same, diSering from each other only in their dimensions,

their intensity, or the degree in which the moisture is con-

densed into visible vaponr, while the hailstorm and the

rainstorm are simply the manner and degree of the pre-

cipitation accompanying them. In several important re-

spects they differ widely and radically from cyclones (see

Atmosphere, vol. iii, p. 3S). The large.st tornadoes are

of so decidedly .sma'iler dimensions wlicii c^mpa'-ed witi

the smallest cyclones as to admit of no shading of the one

into the other. Cyclones occur at all hours of the day

and night, whereas whirlwinds and tornadoes show a

diurnal period as distinctly marked as any in meteorology.

Finally, cyclones take place under conditions which involve

unequal atmospheric pressures or densities at_ the same

heights of the atmosphere, due to inequalities in the

geographical distribution of temperature and humidity; but

whirlwinds occur where for the time the air is unusually

warm or moist, and where consequently temperature and
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humidity diminish with height at an abnormally rapid rate.

Cyclones are thus phenomena resulting from a disturbance

of the equilibrium of the atmosphere considered horizon-

tally, but whirlwinds and tornadoes havr their origin in a

vertical disturbance of atmospheric equilibrium.

Among the moat remarkable of the tornado-swept regions of the

globe are certain portions of the United States . and to the examina-

tion of these the meteorological servicp of the States has given

special attention by a systematic, careful, and minute obserfation

of the attendant phenomena and the destructive effects. The

tornadoes of the last eighty-seven years, numbering about six

hundred, have been classed under the different States where they

re reported to have occurred, and fig. 5 shows this relative distribu-

tion over the States. The areas of greatest frequency are at long
distances from each other. That part of the great basin lying
west of the Mississippi, including the States of Iowa, Missouri,

Kansas, and Nebraska, is the region in which tornadoes are most
frequent. Tornadoes occur at all seasons, being most frequent,

however, from Aoril to September, and least freoucnt in December
and January.

Tlie hour of occurrence of one hundred and sixty-two of the
tornadoes is given in the official report as follows :

—

Midt. to 2 A.M.
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.Dlace did its fearful work in the brief space of a imnute.

The tornado which passed over Moimt Carmel (Illinois),

June 4, 1877, swept off the spire, vane, and gilded ball of

the Methodist church, and carried it bodily 15 miles to

north-eastward. The velocity of the ascending currents

which kept this heavy object suspended in the air for 15

or 20 miles must have been very great.

Of the tornadoes the progressive courses of which were
recorded, 310 advanced towards N.E., 38 towards S.E., 16

towards E.N.E., 14 towards E., 7 towards N.N.E., 5 towards

E.S.E.. and 3 towards S.S.E. The course is thus alwavs

Fio. 6.—Jonns of Wateropouta-

towards some easterly direction, the great majority being

towards the iiorth-east. The velocity of theii- onward
movement varied from 12 to 60 miles an hour, the average

being 30 miles an hour. The time occupied in passing a

particular spot varied from 10 seconds to half an hour,

the mean time being nearly six minutes and a half. The
width of the path of destruction marked with debris and
other relics of the violence of the tornado varied from 40
to 10,000 feet, the average being 362 yards. The direction

of the whirling movement of the tornado was invariably from

right to left, or the opposite of the movement of the hands

of a watch, resembling in this respect the vorticose move-

ment of cyclones in the northern hemisphere. The passage

of the tornado cloud is often described as accompanied

with remarkable noises, which observers variously charac-

terize as terrible, deafening, a terrific crash, the roar of a

thousand trains 'of cars, or the uproarious din of iunumer-

able pieces of machinery.

The usual position of the gyrating columns of cloud is

vertical ; but occasionally a curving form or slanting

direction is assumed. It is probable that to these !r.ttcr

forms many stationary or slowly moving dangerous squalls

are to be referred, which spring up with unexpected

suddenness in lakes and arms of the sea ia mountainous

regions.

The dust storm of India, Arabia, and Africa is a well-

marked type of the whirlwind. Previous to the outbreak

of a dust storm the air is unusually calm and sultry, just

as happens in the case of the tornado. The simplest form

of the dust storm is that of a tall aerial column of sand

moving onwards, and drawing into itself, as it whirls round

in its course, dust and other U^iit bodies within the sweep

of the strong air-currents which blow along tne surface of
the ground and converge vorticosely round the base of the
column. A form commonly seen is shown in fig. 7, which
represents several dust columns grouped together, each
whirling independently round its own axis with incurving
air-currents at the base, while the whole group of columns
is borne bodily forward, and presents striking aspects as
the forms and relative positions of the colunms are changed.
The importance of the observations made on dust storms
as leading to a correct understanding of the whirlwind
consists in this that it affords conclusive evidence that

there is a strong inflow of the

air along the surface of the

ground all round vorticosely

towards the base of the whirl-

wind, and that these same in-

flowing air-currents afterwards

ascend through the air along

the central axis of the whirl-

wind, carrying with them the

evidence of their ascent in the

visible solid particles of dust>

sand, and other light objects

they whirl up with them in

their ascending course.

Owing to the extreme dryness

of the air-currents involved in

the dust storm, the rarefaction

generated by the rapidity of the

gyrations is insufficient to pro-

duce condensation of the aqueous
vapour in the interior of the

column. Quite different, how-
ever, is it with waterspouts and

' ^^ tornadoes, where, in the great

majority of cases, the air near

the surface before being drawn
into the ascending vortex is of

a high temperature and near the point of saturation.

From the extreme rarefaction to which these air-currents

are subjected, owing to their sudden ascent in a rapidly

gyrating column, excessive condensation follows, with an

aqueous prucipitation at times so astonishing that it can

only be fittingly

described as an
aerial torrent of

solid water, or an
aerial avalanche

of hail and ice.

Certain, tracts

of the ocean in-

cluded within

what may be

called permanent
anticyclones, or

where atmi

spheric pressure

is higher than aU

round, are char-

acterized by an

absence or com- V
parative absence

of rain. These

regions are also

remarkable for

clear skies and
strong sun heat. Similarly small anticyclonic areas occur-

rinc between or in the vicinity of cyclones are characterized

by dry air and clear skies, and it is under these conditions

that the strongest sun heat is felt.
'^'^ ^-ji-

FiQ 7.—Du3t Storm.

ViTien, as repeatedly
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happens in the warmer months of the year, anticyclones

remain practically stationary for some time, the lowermost

strata of the air become abnormally heated,—thus bringing

about a vertical disturbance of the equilibrium of the atmo-

sphere out of which whirlwinds originate. It is under these

conditions that white squalls or fair-weather whirlwinds

occur, the originating cause of this special form being the

great dryness of the air due to its place in the anticyclone,

and the abnormally rapid diminution of temperature and
humidity with height owing to the strong insolation through

the clear dry atmosphere. The clouds accompanying the

white squalls are at a great height, but the commotion and
boiling of the sea under them and following them as they

drift onwards show that the squalls are tme whirlwinds,

the vapour column of the waterspout not being formed

solely on account of the extreme dryness of the air which

ascends the columns. The white squall accompanies fine

weather, and its appearance is sudden, its duration brief,

and its destructive power at times so dreadful that it has

been known to strip a ship of every sail and mast in a few

seconds, and leave it rolling a helpless log amidst the

tremendous sea which follows it. In sailing through such

regions a close lookout should be made, particularly when
the weather looks singularly fine, the skies beautifully

clear, the air calm or nearly so, and the temperature and
moisture of the air on board the vessel noticeably high.

Diurnal Period of Hail.—The hail here referred to is

round, hard, and compact, and in the form of clear pr
granular ice, the hailstones sometimes being fyund when
broken across to be composed of alternate layers of these

two states of ice. The following figures show the number
of times it has occurred during the different hours of the

day at Coimbra during the last six years :

—

Midt. to 2 A.M.



XEMPEEATHEE OF SEA.] METEOROLOGY 133

easterly and south-easterly winds of Scandinavia in winter lower

the isothermals along these coasts. A striking feature of the winter

jscihermals of the Atlantic is the singularly high temperature along

tlr^ centre stretching from Spitzbergen towards the south-west and

eT*.ending in a modified degree as far south as the West Indies. In

O < Pacific this feature of the mid-ocean temperature is much less

prononnced, and the excess of temperature on the west of America
over what occurs in the same latitudes of eastern Asia is not so
great aa the difference observable bstween the two sides of the
Atlantic.

The highest mean temperature in February (85°) occurs in th»
Indian Ocean to tlie south-west of Sumatra, and there is a patcl: the

Fia. 8.—Isothermals of the Surface of the Sea for February.

teb.\'«ratare of which is 84° to the north of Madagascar. The
hig—st means in the Atlantic are 82° in the north-east angle of the
Gulf of Guinea, and 81° off the north-east coast of BrazQ. In the

Pacif.c the highest are 83° to the north of the Fiji Islands and 81°

near the Marshall Islands.

In August (fig- 9) the southern half of the Red Sea shows a mean
temperature of 90°, being the highest mean recorded for the ocean

anjTvhere at any season. Patches showing a summer mean of 86°

occur in the Chinese Sea to the east of Tonquin, in the Bay of

Bengal to the east of southern India, about Socotra, and to the

(Test of Central America. But the most ejctensive regions of high

tempemture are in the west of the Pacific between long. 165°

E. and the Philippines northward nearly to Japan and south-

ward to New Guioea, and the Gulf of Mexico and the adjoining

part of the Atlantic as far east as long. 57° W. A patch of

remarkjibly low temnerature occurs in the Pacific a little to the

FlQ. 9.—Isothermals of the Surface of the Sea for August.

west of Galapagos, where the mean is oniy 70°, being 10° lower than

what occurs anywhere else near the equator at this season.

The influence of currents is strongly expressed in the temperature

of all the ojeans. In the south of Asia the monsoons are S. W.,

S and S E. Under the impulse of these monsoonal wmds aq

ertensive surface drift of the waters of .he equatorial regions i»
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carried northwards towards southern Asia, ami coascqiienlly vi'ry

high tCDiperatiircs charactciizc these seas in summer. It is iiistruc-

tiT« tu aot« lh« rtfect ou the temperature of the sea resulting from
the region of high atmospheric pressure iu the North Atlantic at

this season. Out of this anticyclonic region the wiinls Mow in all

directions, giving rise to surface currents Mowing in tlfo same direc-

tions. Thus to the west of Africa the winds and currents are from
north to south ; and hence the tCTupcrnture of this part of the &-'ean

is abnormally reduced. Ou the other hand, on the west side tt tliis

high pressure area, the prevailing winds and currents are from south

to uorth, and it will be seen that the temperature of the whole of

the region swept by the southeily winds is abnormally raised. Ou
the north side of the area, the winds and currents are westerly as

far as about long. 35° W., and over that space the isothermals

follow the parallels of latitude. Farther to eastward and northward
the prevailing winds become south-westerly, thus propelling north-

wards along the western shores of Europe, by oceanic surface drifts,

the warmer waters of southern latitudes. Mcauwhile the currents of

cold water and ice drifts from the Arctic regions ke^p the tempera-
ture olT America to the north of Newfoundland at a figure con-

siderably lower than is observed in any otlicr region iu the same
latitudes, in August similar relations e.\ist as in Jaiiiiaiy between
the east and west coasts respectively of South Africa, South
America, and Australia, all of wliich are readily explained by the

charts of mean atmospheric pressure and the resulting prevalent
winds
One of the most striking facts of ocean temperature is that the

temperature of the Southern Ocean from about 50' to 60° S. lat.

is practically the same in January and August, a circumstance due
thiefly to the magnificent icebergs of that ocean.

The Temperature of the Land.—In regions where the
rainfall is distributed through all the months of the year,

and where snow covers the ground for only a small part
of the year, the mean temperature of the soil nearly equals
that of the air. But when the year is divided into wet
and dry seasons, and when snow lies during a considerable

portion of the year, the mean annual temperature of the
soil may be above or below that of the air. The greatest

difference between the temperature of the soil and that of

the air occurs where the surface of the ground is covered
during several months with snow. Snow is a bad con-
ductor of heat, and thus obstructs the free propagation of

the cold produced by radiation downwards into the soU,.

and the escape of heat from the soil into the air. In this

way, over a considerable portion of the Russian empire,
the temperature of the soil is considerably in excess of that
of the air." Thus at a place 120 miles south of Archangel
the temperature of the soil is 10° higher than that of the
air ; and at Semipalatinsk it is 9° higher.

The daily changes of temperature only affect the soil to
depths of about 4 feet.- The precise depth varies with
the degree of the sun-heat and with the nature of the soil.

Similarly the heat of summer and the cold of winter give
rise to a larger annual wave of heat propagated downwards,
the amplitude of which diminishes with the depth till it

ceases to ba perceptible. Principal Forbes showed from
observations on the Calton Hill, Edinburgh, that the annual
variation is not appreciable lower than 40 feet below the
surface, and that under 25 feet the change of temperature
through the year is small. The depth at which the annual
variation ceases, or where the temperature remains constant,
is a variable depending on the conductivity and specific

heat of the soil or rock, but particularly on the difference
between the summer and winter temperatures. The rate
at which the annual wave of temperature is propagated
downwards is so slow that at Edinburgh, at a depth of 24
feet, the highest annual temperat u-o does not occur till

January 4, and the lowest till about July 13, thus revers-
ing the seasons at this depth. At Greenwich, at a depth
of 25i feet, these phases of the annual temperature occur
on November 30 and June 1.

Professor Everett in the Report of the British Association iov\ilQ
has summarized the results of the observations of underground tem-
perature. The temperature of the surface of the ground is not
sensibly influenced by the flow of heat from helow upwards, but is
determined by atmospheric and astronomical'conditions. The tem-

perature gradient isilchncd as the rate of increase' ot tne lempcraturs'

downwards, and it may be taken as averaging one degree Falirenheit

for every 60 or 60 feet, the e.\act rate in particular cases being very

variable. Thus the temperature gradient of the soil is about five

times steeper than the temperature gradient of the air. The
temperature gradient is steepest beneath gorges and least steep

beneath ridges ; and hence the underground annual isothermals are

flatter than the uneven surfaces above them. This is the case even
with the uppermost isothermal of the soil, and tlie flattening

increases as we pass downwards until at a considerable depth they
become horizontal. Wliero the surface of the ground and the iso-

thermal surfaces beneath it are horizontal, the How of heat is verti-

cal, and the same (quantity of heat Hows across all sections which
lie in tlie same vertical. In this case the flow across a horizontal

area of unit size is equal to the product of the temperature gradient

by the conductivity, if the latter term be used in an extended sens^

so that it includes convection by the percolation of water, as weU
as conduction proper ; and hence, in comparing difl'ereni strata is

the same vertical, the gradient, varies in the inverse ratio of th»
conductivity.

Since the effects of the cold generated by nocturnal radiation

mostly accumulate on the surface of the earth, but the efl'ects oi

solar radiation are spread to some height by ascending currents froml

the heated ground, it might be expected that the annual tempera."

ture of the surface layer of the soil would be lower than that of the

air resting over them. Observations prove that such is the case.

Springs which have their sources at greater depths than that to

which the annupl variation penetrates have a constant temperature

throughout the year, and if they do come from a depth considerably

greater than this they may be regarded as giving a very close

approximation to the mean annual temperature of the place. The
temperature of cellars is also very near the mean annual temperature

of the locality ; at any rate this temperature onay be secured for

cellars anywiiere

Distribution of Temperature 'in the Atmosphere—Of the

larger problems of meteorology, the distribution of tempera,-!

ture in the atmosphere over the land surfaces of the globe

was the" first that received an approximate solution (by

Humboldt). But as regards the ocean, which comprises

three-fourths of the earth's surface, the question of the

monthly and annual distribution of temperature in the

atmosphere over it can scarcely yet be said to have been

seriously looked at. The isothermals of the temperature

of the atmosphere which cross the oceans continue still to

be drawn essentially from observations made on the islands

and along the coasts of these oceans. The first step

towards the solution of this vital problem in climatology

and other branches of meteorology is the construction of

charts of mean monthly temperature of the surface water

of the sea over all parts of the ocean from which observa-

tions for the purpose are available. In prosecuting this

line of inquiry, excellent work has been done by the

Meteorological Office as regards parts of the Atlantic

between the tropics and the ocean to the south of Africa,'

and also by the Dutch, French, and German meteorologists.

With such charts it would not be difficult, by a carefid

comparison during the same intervals of time between the

temperature of the surface of the sea and that of the .air

resting over it, to construct monthly charts of the tempercj-

turo of the atmosphere over the oceans of the globe.

In this connexion the whole of the observations of the tempera-

tures of the air and sea made on board the "Challenger " have been

examined, and sorted into one hundred and seventy-four groups

according to geographical position, and the differences entered on a

chart of the route of the expedition. In the Southern Ocean between

latitudes 45° and 60° tho temperature of the sea was lower than

that of the air, the mean difl'erence being 1°'4. The temperature

of the air is here higher owing to the prevailing W.N.W. winds,

and that of the sea lower owing to the numerous icebergs. To
south of lat. 60° S. the sea was nearly 2°'0 warmer than the air,

the result in this case being due to the open sea, which keeps up a

higher surface temperature, and to an increased prevalence in these

higher latitudes of southerly winds, thus lowering the temperature

of the air.

The period during which the temperature of the sea exceeded
that of the air was from June 1874 to March 1875, or diuing that

part of the cruise from Sydney to New Zealand, and through the

East India Islands to Hong Kong and thence to the Admiralty
Islands. During the whole of this time, excejit when passing th*

north of Australia, the sea was much warmer than the air, the
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general excess being from 2° to 3°, rising even near Tongatabn to

upwards of i°. The climate of the southern part of this extensive

region at the seasons visited has a large rainfall, much cloud, and
consequently a comparatively small evaporation and sunshine. In

June, when the "Challenger" passed the north of Australia, the

climate was very dry, the sunshine strong, and 'i.^ svaporatton

large, and there the sea was sUghtly colder than the air. In the

Atlantic between lat. 20° N. and 20° S. the sea was everywhere

warmer, the mean excess being about a degree ; and in the Pacific

between lat. 30° N. and 30° S. the sea was also warmer, the mean
excess being a degree and a half.

On the other hand, in the Atlantic from lat. 40° to 20° N. the

sea was, on the mean , half a degree colder than the air. This region

is remarkable for the high pressure which overspreads it, for the

winds and currents which ilow out in all directions, for its clear

skies, strong sunshine, and consequently large evaporation, by which
the temperature of the surface of the sea is lowered, and that of

the air resting on it, being open to the heating influence of the sun,

is raised. Similarly in the North Pacific from lat. 40° to 30* the
temperature of the surface of the sea was half a degree lower than
that of the air.

These remarks apply only to the observations made strictly ou
the open sea. Near land very great difl'erences were observed
which varied with season. Thus at Hong Kong during the latter

half of November 1874 the sea was 3°7 warmer than the air, th»
low temperature of the air at this season being caused by the lower
temperature of the land and the northerly winds which then prevail;

ou the other hand, at Valparaiso in November and December of the
following year the sea was 5° 8 colder than the air during the three
weeks the " Challenger" was there, the difference being due to the
cold oceanic current which sweeps northwards past that coast, and
the rapid increase in the temperature of the air at that time of the
year. These results will help us in gaining some knowledge of the
temperature of the air over the oceans of the globe in February and
August, taken in connexion with a careful examination of the eea

temperature of these months represented in figs. 8 and 9.

FlQ. 10.—January Isothermals of the Surface of the Globe.

Thw distribution of temperature over the surface of the

globe is shown by figs. 10 and 11, which represent the

temperature of the two extreme month.'! January and July

for the eleven years 1870 to 1880. The region of highest

temperature, which may be regarded as comprised between

the north and south isothermals of 80°, forms an irregularly

thawed zone, lying in tropical and partly in subtropical

countries. On each side of this warm zone the tempera-

ture diminishes towards the poles, and the lines showing

successively the gradual lowering of the temperature are,

roughly speaking, arranged parallel to the equator, thus

showing in an unmistakable manner the predominating

influence of the sun as the source of terrestrial heat. While

this decrease of temperature corresponds in a general way
to what may be called the solar climate, there are great

deviations brought about by disturbing causes.

Among these disturbing causes the unequal distribution

of land and water holds a prominent place. In January
the earth presents to the perpendicular rays of the sun the

most uniform surface, or the largest water surface, and
in July the most diversified surface, or the greatest extent

of land. Hence the zone of the earth's surface comprised

between the isothermals of 80° is less irregular, and also

spreads over an area more restricted, in January than in

July. In July the areas enclosed by the isothermals of

80° and 90° are much larger in the Old World than

in the New, it being the former which presents the larger

land surface to the perpendicular rays of the sun ; and in

January, the summer of the southern hemisphere, the most

extensive area of high temperature occurs in Africa and

the least in Australia, the high-temperature area of South

America being intermediate. In contrast to this the belt

of temperature exceeding 80° is of least breadth where it

crosses the Pacific and Atlantic Oceans, the absolute

minimum breadth being in July in the Pacific, the largest

ocean, where the disturbing influence of the land is least.

During the cold months of the year, when the sun's heat

is least and the effects of terrestrial radiation attain the

maximum, the greatest cold is over the largest land

surfaces which slant most to the sun. Thus the lowest

mean temperature that occurs anywhere or at any season

on the globe is - 55°-8 at Werchojansk (lat. 67° 34' N.,

long. 133° 51' E.) in north-eastern Siberia. In Arctic

America the lowest isothermal is -40'0. During the

winter the ocean everywhere maintains a higher tem-

perature in all regions open to its influence, as is seen, not

only in the higher latitudes to which the isothermals push

their way as they cross the Atlantic and Pacific, but also

in their irregular courses over and near the Mediterranean,

Black, Caspian, and Baltic Seas, Hudson's Bay, the mouth

of the St Lawrence, the American lakes, and all other large

sheets of salt and fresh water. The disturbing influence

of sheets of water on the temperature in all seasons is very

strikingly shown when the isothermals are drawn for every
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degree, these marking out the prominent features of local

climates, a knowledge of which is of so great importance to

the agriculturist the horticulturist, and the invalid. Figs.

12 and 13 represent charts of temperature of this descrip-

tion for the British Islands for 1870-1880 from the

Jonr. of Scot. Meteor. Soc, vol. vL In the winter of the

Fio. 11.—July Isothermak of the Surface of the Globe.

Bouthern hemisphere the depressing influence of the land

on the temperature is but slightly felt, owing to the small

--X '1 ?)
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low pressure about Iceland during the winter months (see

fig. 14). Since this region of low pressure gives to western

Europe its prevailing south-west and south \vinds, and to

North America its north-west winds in winter, it is plain

that the temperature of western Europe is thereby

abnormally raised by the simple fact of its prevailing

winds coming from the ocean and from lower latitudes,

and that the temperature of Xorth America is abnormally

lowered by its prevailing winds coming from the Arctic

regions and from land. The opposite action of these two
winds, which are part and parcel of tho same atmospheric

disturbance about Iceland, is shown from the fact that,

while the mean temperature of the south coast of Hudson's

Bay in January is - 20°, in the same latitude in the

Atlantic to the west of Scotland it is as high as 44°, or
64° higher. A similar though less striking result accom-

panies the low-pressure area in the north of the Pacific in

winter.

Another area of low mean pressure which powerfully

affects the temperature is the low barometer which over-

spreads the interior of Asia during the summer months
(see fig. 17). Since from this disposition of the pressure the

prevaUing winds of Europe and western Asia are north-

west and west, and over eastern Asia south-east and east,

it follows that the temperature is abnormally raised on the

eastern side and depressed on the western side of the con-

tinent by the direction from which they severally receive

their prevailing winds. This is well shown by the course

of the summer isothermals of 80°, 70°, 60°, and 50° across

the Old Continent.

Since the strongest insolation occurs where the air is

driest, the hottest summer climates are met with in those

tropical and subtropical regions where no rain falls. The
most extensive of the rainless regions during the summer
months is perhaps that which extends from the Punjab
westwards through Persia, Arabia, and North Africa to

Spain. This is the region where the hottest climates of

the globe are to bo encountered. Similarly no rain falls at

this time of the year in lower California and the States

adjoining, and this feature of the climate, taken in con-

nexion with the relatively low temperature of the coast due
t<i the winds and ocean currents from the north which
sweep past it, resilts in sharp contrasts of temperature

within short distances such as have no parallel in any other

climate.-

Of the areas of seasonal high mean pressure, the high
barometer of Central Asia in vrinter stands out in character-

istic prominence (see fig. 14). Now, since the prevailing

winds which necessarily form a part of this feature are south

and south-west over Russia and western Siberia, the tempera-
ture of these inland regions is con.=iiderably higher than
would otherwise be the case. On the other hand, since the

prevaUing winds are north-west in eastern Asia, the tempera-
ture of these regions is thereby abnormally depressed. It

is this consideration chiefly which explains how it is that,

while the mean January temperature in latitude 60° and
longitude 120° E. is -30°, in the same latitude but in

longitude 43° E. the mean temperature is 10°, or 40°

higher, even though both regions are equally continental in

their character.

The high mean pressure in the summer in the Atlantic

between Africa and the United States has with its system
of winds the most decided influence in bringing about the

abnormal distribution of the temperature of that and
adjoining regions. Since on its west side the prevailing

winds are necessarily southerly, the temperature of that

region is abnormally raised, and, on the other hand, since

on its east side the winds are northerly, the temperature
of the region is abnormally depressed. The result of these

two opposite winds is seen in the slanting direction of the

1 isothermal of 80° across the Atlantic, which slanting
direction is continued far into the interior of North Anieric*
for the reasons already stated.

These important bearings of cyclonic and anticyclooic
areas on temperature and climate may be thus summarized.
The temperature is abnormally raised on the east sides of
cyclonic areas, and abnormally depressed on the west sides;
but, on the other hand, temperature is abnormally raised
on the -B est sides of anticydonic areas and depressed on
their east sides. In the southern hemisphere these direc-
tions are reversed.

Another set of influences, powerfully affecting the tem-
perature, come into play where the surface of the land
rises above the sea into elevated plateaus, lofty peaks, or
mountain ranges. Thus it has been observed on Ben
Nevis and other mountains that the wind during the day
in summer exhibits an ascensional tendency due to the
circumstance that the temperature of the surface of the
mountain is heated in a much greater degree than the air

strata at the same levels aU around it. An ascensional
current consequently rises from the mountain, which is

maintained at a steadily stronger rate than at lower levels,

because the drain from the updraught is easily supplied
from the free surrounding atmosphere. It is the strong
insolation at high elevations in tho summer months which
explains the excessively high day-temperatures encountered
in the Rocky Mountains ; and from the same conditions,
viz., the rarity and purity of the atmosphere, by which
terrestrial radiation is but little checked, come the low
temperatures of the nights of these climates in the same
season. From this cause it follows that the elevated lands
in the interior of continents tend to reduce mean atmo-
spheric pressure in summer to a greater extent than would
otherwise be the case. In winter, on the other hand, the
temperature of elevated regions in the interior of continents
is very much colder than that of the surrounding atmosphere
at the same heights, because in such regions the air is

exceedingly dry and rare, and consequently radiation to

the cold regions of space but httle checked. Henc6 down
the slopes of these high lands there are potired in all

directions descending currents of very cold air, which
intensify the rigours of the winters experienced on the low
lands round their base, where accordingly the lowest mean
winter temperatures -occur. These elevated lands thus
materially add to the high atmospheric pressure of the

interior of continents during the cold n:"nths of the year.

But it j.a oceau streaiiib and oceah currf^nts which produce
the greatest abnormalities in the distribution of the tempera-

ture of the air, and a glance at figs. 10 and 11 will show
that it is in the North Atlantic where this cause is most
strikingly seen. The increase thus accruing to the winter

temperature is greatest about the north of Norway. It is

also very great in the British Islands ; thus, if no more
heat were received than is due to their position on the globe

in respect of latitude, the mean winter temperature of

Shetland would be 3° and that of London 17°. But

mainly owing to the heat given out by the Gulf Stream

and other warm currents of the Atlantic their mean winter

temperatures are respectively about 39°'5 and 39°, Shetland

being thus benefited 36°-5 and London 22°. The chart of

the winter temperature of the British Islands well illustrates

tho influence of the surrounding ocean in maintaining a

higher temperature. It will be seen that the south-west

of Irolawfl is 7° warmer than the east coast of England in

the same latitudes. The strong drift current from near

Behring's Strait southward along the coast of America has

a powerful influence, particularly in lowering the summer
temperature of that coast,—thus bringing about, in con-

junction with the dry rainless chmate of the interior, what

are perhaps the most violently contrasted climates, within
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narrow urmts, as regards their temperature. The deflexions

of the isothermals near the Baltic, Jlediterranean, Black,

and Caspian Seas and Uie freshwater lakes of America

all point to the disturbing influence of these sheets of

water on the temjjerature.

The height and direction of mountain ranges is an

important element in determining climate If the ranges

are perpendicular to the prevailing winds and of a con-

siderable height, they drain the winds of much of their

moisture, thus causing to places to leeward colder winters

and hotter summers, by partially removing their protecting

screen of vapour, and exposing them more completely

to solar and terrestrial radiation. Of this Norway and

Sweden and the British Islands form excellent illustrations.

It is this that makes the most important distinctions

among climates in regions near each other, as respects both

animal and vegetable life. With regard to the decrease of

temperature with height, very much yet remains to be done

before an approximation to the law of decrease can be

stated. During the iive months observations were made
on Ben Nevis in the summer of 1881 the difference

between the mean temperature at sea-level adjoining and
at the top of the Ben, 4-t06 feet above the sea, was 15''7,

which shows a mean decrease of 1° Fahr. for every 280
feet of elevation. The actual differences from day to day
varied from 1°'4 to 23°"2. As Ben Nevis forms a peak,

and is in the very middle of the strong winds from the

Atlantic, it is highly probable that this rate of decrease is

a close approximation to the true decrease of the tempera-

ture of the air during the summer months in that part of

the British Islands. When observations are made on
elevated plateaus of some extent, the rate of decrease

deduced from the observations will be less than the true

rate in the free atmosphere in summer and greater in

winter. The rate is thus a variable quantity, varying with
latitude, situation, dampness or dryness of the air, calm or

windy weather, and particularly with the season of the

year. One degree Fahrenheit for every 300 is the rate of

decrease generally assumed.

Amount of Aqueons Vapour.—It is scarcely possible to

overestimate the importance of a knowledge of the hori-

zontal and vertical distribution in the atmosphere of its

aqueous vapour, for it may be truly said that it forms one
of the prime factors in all the larger problems of atmo-
spheric physics. A first rough approximation to the geo-

graphical distribution of the vapour of the atmosphere was
published by Mohn in 1875 in his Grundziige dcr Meteoro-

logie, p. 84, in which vapour-pressure curves are drawn for

the globe for January and July. These leave much still

to be done, not only in a further discussion of observations

already made, but also in improvement of the methods of

observation and in the tables for their reduction. The
chief point of interest in Mohn's vapour curves is their

striking resemblance to the isothermals of the same months,
and they also suggest that this line of inquiry is yet des-

tined to make large contributions to our knowledge of the

unceasing changes which occur in ihe pressure, temperature,

cloud, rain, and movements of the atmosphere.

Still less is known of the vertical distribution of aqueous
vapour. It decreases, like temperature, with the height,

and if the statement generally made bo at all correct, that

half of the whole vapour of the atmosphere is contained in

the lowest 6000 feet, and that at 20,000 feet high there is

only about a tenth of what is at the earth's surface, the rate

of decrease with height proceeds at a greatly more rapid rate

than is consistent with the supposition that it forms an
independent vapour atmosphere existing under its own
pressure. The establishment of an increased number of

high-level stations, and a more systematic inquiry than has
yet been attempted into the upoer currents of the atmo-

spuere, are much needed in the lurther development of this

branch of meteorolog)'. In carrying out the inquiry,

invaluable assistance will bo obtained from observations of

the diurnal range of the barometer and from well-devised

methods of observing the effects of solar radiation at the

earth's surface

Amount of Cloud.—In Scotland, which lies completely
within the region swept by the south-westerly winds from
the Atlantic, and presents a well-defined mountain range
lying across the track of these winds, the clouds have a
distinct annual period. In the west, at places quite open
to these westerly breezes, the amounts of cloud in spring,

summer, autumn, and winter are respectively 67, 69, 71,

and 74, and the annual mean 70.' In the east, in such

districts as East and ilid Lothian, which have extensive

ranges of hills between them and the Atlantic, the propor-

tions are 59, 63, 62, and 60, and the annual mean 61.

Thus about a tenth more of the sky is covered with cloud

at the western as compared with the eastern situations, and
the distribution of cloud differs materiaUy in western and
eastern climates. In the west winter is the cloudiest

season, but in the east it is summer, and these are respec-

tively the months when most rain falls in the several

climates. Everywhere spring is the season when the sky
is clearest. In England, owing to the protection afforded

by Ireland and Wales to the west and the comparative

absence of ranges of hills, the amount of cloud is less than

in Scotland, and it is more equally distributed over the

country. The minimum amount occurs in spring, and the

maximum in winter and autumn.
Some of the best illustrations of the seasonal variation in th«

distribution of cloud are afforded by the Old Continent. These
variations are the simple consequence of tlie systems of wind
caused by the high winter and low summer pressures of that contir

nent. In eastern Siberia the prevailing winds in winter are N.W.
or continental, and in summer S. E. or oceanic; and accordingly

at Ajau, Nertchinsk, and Blagoweshtchensk the mean amounts
of cloud in these two seasons are 18 and 44. On the other band,
in western Siberia and eastern Europe the prevailing winds in

winter are S.W., or from lower to higher latitudes, and in

summer N.W., or from higher to lower latitudes. Kazan may be
taken as fairly representing this extensive region, and there the
amounts of cloud for the four seasons beginning witli winter
are 71, 48, 44, and 62. As the N.W. winds of summer liso over
the Ural mountains in their course, condensation of the aqueous
vapour is increased, and hence over this region the cloud in winter
and summer is nearly the same, the mean amounts at Bogoslovsk,

Ekaterinburg, and Zlatoust being respectively 53 and 52. At Tillis

and Kutais, situ.ited on the high ground which lies between the
Black Sea and the south of the Caspian Sea, the means for winter
and summer are 63 and 55. On the eastern coast of the Black Se»
the westerly winds of summer are accompanied with the annual
maximum cloud, the winter and sumiijcr amounts at Redut-Kale
being 59 and 69. In Central Siberia, to which the S.W, winds <A

winter do not extend, and to the north of latitude 55°, the amount
of cloud is much diminished, and the cloudiness of summer is nearly

the same as that of winter.

In India, in all regions which lie open to the summer luoiisoon,

the minimum amount of cloud occurs during the winter and
tlie maximum in summer,—the mean amounts being 19 and 74
at Calcutta, 16 and 86 at Bombay, 43 and 71 at Colombo, and
25 and 90 at Rangoon. At Trincomalee, on the east coast of

Ceylon, and thus exposed to the rains of the N. E. monsoon
of winter, and largely protected from the rains of the S.W.
monsoon^f summer, the amounts of cloud iu these seasons are 52
and 59. At Daijiling (C912 feet) and Chakrata (7022 feet high),

both on the Himalayas, whither the summer monsoon pi'nelrates,

the mean amounts are respectively 53 and 86, and 43 and 73. At
Leh, iu Kashmir, the amounts are 59 and 51, the excess being thus

in winter. In tlie Punjab and to westwards, or those regions in

southern Asia to which the summer monsoon does not extend, the

cloud in winter is everywhere greater than in summer. Thus the

amounts ar» 24 uud 18 at Mooltau, 38 and 25 at Peshawar, 27 and
19 at Ja.coabad, and at Quetfa, in Baluchistan, 5500 feet high, 42

and 14. Similar relations as to cloud obtain in Australia and th»

other continents whce high pressures rule in the interior during

' In this section the amount of cloud is stated In percentages oft**
sky covered with cloud.
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the cold months and low pressures during tho warm montlis of the

year. Tho maximum cloud occurs with winds from the sea and
rinds advancing into the colder regions of higher latitudes, and
the minimum with winds which have traversed an extensive track of

land and \.inds advancing into the warmer regions of lower lati-

tudes. Aa the subject, however, is essentially one with rainfall, it

is not necessary to prosecute it further.

The Other atmospheric movements on which the amount
of cloud depends are the ascending and descending currents

of the atmosphere,—the ascending currents with clouded

skies occurnng in the belt of calms and over cyclonic areas

and regions, and the descending currents with compara-

tively clear skies over anticyclonic regions. The region

of maximum vapour and densest cloud-screen on the globe

is the equatorial belt of calms between the trades, which

has an annual movement northward and southward with

the sun as already explained. To ascensional movements
b to be ascribed part of the cloudiness of the southern and
eastern sides of the winter cyclonic regions of the N'orth

Atlantic and North Pacific, and of the cyclonic regions of

low summer pressure in the interior of Asia and other

wititsnta. On the other hand the comparatively small

amount of cloud in the anticyclonic regions df the Atlantic
and Pacific Oceans, and in the high-pressure regions of the
interior of Asia and other continents during the cold months
of the year, is due to the vast doivn-currents wiich occupy
the centres of the anticyclones, and which become
relatively drier as they descend owing to the increasing
pressure to which the air is subjected.

Distribviion of Atmospheric Pressure.—The importance
of a knowledge of the distribution of atmospheric pres-

sure, or of the mass of the atmosphere, over tlio globe
in its varying amounts from month to month is self-

evident. Observations teach us that winds are simply
the movements of the atmosphere that set in from where
there is a surplus towards where there is a deficiency of

air; and observations also teach that isobaric maps {Le.,

maps showing the relative distribution of mean pressure)

and maps showing the prevailing winds are in accordance

with each other. Since prevailing winds to a large extent

determine the temperature and rainfall of the regions

they traverse, isobaric maps may be considered as furnish-

ing the key to the more 'mportant questions of meteoro-

Fio. 14.—January Isobars of the Globe and Prevailing Winds.

logical inquiry. At the time of the first publication of

isobaric maps of the globe in 1868, it was impossible to

do more than present tho subject in its broad general

features, owing to the scantiness and quality of the

materials then existing. But since then meteo'" logical

stations have been largely multiplied in all pari, of the

civilized world, and the general adoption of the issue of

etorm warnings has necessitated the use of more accurate

barometers and uniform methods of observing. Since

there is thus now the means of a more exact representation

, of this fundamental datum of meteorology, we have

prepared a new set of isobaric maps, showing the distribu-

tion of the earth's atmosphere and the prevailing winds

for January (fig. 14), J.ily (fig. 17), and the year. They
have been constructed from mean values calculated for the

same eleven years (1870-80 inclusive) as the isothermal

maps figs. 10 to 13, pressure of 30'0 inches and upwards

being represented by solid lines, and of 29"9 inches and

under by dotted lines, while the arrows show the directions

«£ the prevaLur.g wipds p.t the localities indicated by the

^iwpectH*; ^rrow-points.

Hfean Atmospheric Pressure in January (fig. 14).—In this month,

when the influence of the sun on the northern hemisphere falls to

tho minimum, the greatest pressures are massed over the continents

of that hemisphere, and the least pressures over the northern parts

of the Atlantic and Pacific Oceans, over the Antarctic Ocean and

southern hemisphere generally. In the southern hemisphere there

are three patches where pressure rises to 30 inches, viz., in the

Atlantic between South America and Africa, south of the Indian

Ocean, and in the Pacific between Australia and South America.

In the northern hemisphere, on the other hand, pressuie rises in

Central Asia to upwards of 30-5 inches, the mean pressure for

January being at least 30-4 inches at Peking, Semipalatmsk, and

Yenisei, and fully 30 5 inches at Irkutsk and Nertchmsk, in

the unper basin of the Amur. This is the region where the

normal atmospheric pressure attains to a maximum which la

much higher than is reached in any other region or at any other

time of the year. It wiU bo observed that this region of

highest pressure occupies a position near the centre of the largest

continent. The area of high barometer is contiTued westward

throush Europe, through the hors,. latitudes of the Atlantic to

Caroiiiia, and thence through the United States to California,

whence it crosses the Pacific to Asia. This belt of high pressure

thus completely encircles the globe, broadening as it passes tfie

land and contracting as it crosses the ocean. Its greatest t'Teadtb

is over Asia nnd its least over tho Pacific, or where bnd and

ocean n'-taia respectively their maximum dimensions.
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Pressures greatly under the arerage cover the northern portions

ct tho Pacific and "Atlantic and also the greater tart of the Arctic

reriona. In the north of the Pacific tho normal pressure falls to

al»nt 2D -6 inches between Kamchatka and Alaska. 1° '"a

north of the Atlantic, however, a stUl lower mean pressure obtains

over a narrow belt stretching from Iceland to the south of Green-

land, tho normal at Stykkisholm in tho north-west of Iceland being

29 -385 inches, and at Irigtut in Greenland 29 361 inches. This

low average for Ivigtut is the lowest normal known to occur any-

where and at a;.5[ season in tho northern hemisphere, and it is

significant that the place is immediately to the north of that part

of the Atlantic where a considerable number of tho storms which

sweep over Europe have their origin, and where not a few of tbe

storms which cross the Atlantic from America develop intensity.

It has been seen that the highest mean pressure occurs near the

centre of the largest extent of land ; but as regards the two oceans

the lowest pressure is met with in the northern division of the

Atlantic, which is tho lesser ocean. An inspection of fig. 14 shows,

however that the low-jiressure area of the Atlantic is bounded to

southward bv systems of much higher pressures than are to be

found in tho Pacific. The result of this arrangement is that much

stronger winds blow northward over the Atlantic and round upon

Iceland ; and, as these more quickly advance into colder latitudes,

there is thus a greater and more frequent concentration of vapour

and lowering of the barometer in the north of the Atlantic. The

heavy rainfall of north-western Europe may be referred to as con-

firming this view.

A belt of low pressure passes through the equatorial regions

quite round the globe. This marks the weU-known region of calms

towards which on either hand the trade winds blow. In the

Atlantic it lies quite north of the equator even in January, when

the sun's course is farthest to southward, and it lies nearly parallel

with the equator. On the other hand, in the Indian Ocean the

position of the line of lowest pressure is to the south of the equator

and not parallel with it, but taking a slanting course from near the

north of Madagascar towards Sumatra, thence towards the low pres-

sure which prevails at this season in Australia ; its course is then a

little to northwards, and crosses the Pacific to the central regions of

South America. Its path is thus a devious one, being north of the

equator only in the eastern part of the Pacific and in the Atlantic,

but elsewhere to the south of it, being drawn farthest soutnward

when under the influence of the regions of low pressure which now

occupy central Australia, central and Bouthem Africa, and central

South America. In this trough of barometric depression nearly

all the tropical storms of the Indian Ocean have thei' origin.

There are several important modifications of the ii:obaric lines

as originally published. In 1868 the region of lowest pressure in

the northern liemisphere in winter was represented as extending

from Iceland to north-eastward ; now the area of lowest pressure

is seen to extend from Iceland south-westward to Greenland. In

connexion with this point Captain HofTmeyer discussed the

weather of the North Atlantic during several winter months, and

published the results in 1878, which conclusively showed that the

meteorology of Greenland and Iceland exerts on the distribution of

atmospheric pressure a powerful influence not before properly recog-

nized, resulting in the mean minimum of pressure being localized

distinctly to the south-west of Iceland, and that in addition to this

minimum there are two subordinate minima, one in Davis Straits

and the other in the Arctic Ocean midway between Jan Mayen ana

the Lofoten Isles. The investigation further established the fact

that, when any particular one of these three minima plays an

important part, the other two either do not appear at all or occupy

quite a subordinate place, and that according as one or other of

these minima of pressure predominates so is the character of the

weather, as regards mildness or severity, of tho winter of north-

western Europe and regions surrounding the North Atlantic. As

regards the British Islands, the displacement of the minima to ^^cst-

ward of the position shown in fig. 14 means milder winter weatier,

whereas a position more in the direction of the north of Norway
means severer winter weather.

Another change implying important consequences is seen in tho

United States, where, instead of one, two distinct centres of

maximum pressure occur, or rather the high pressure of tho

western and central States is separated from that of the south-

eastern States by a region of lower pressure occupying the region

of the Mississippi States. Professor Loomis first drew attention to

this peculiarity in 1879 in an inquiry into the distribution of

pressure over the United States, and established the fact that there

are two distinct areas of high pressure, the larger having its centre

in Utah, and tho less overspreading the greater portion of the south-

eastern and southern States, and that these two areas of high pres-

sure are clearly separated from each other by a broad extensive

region of lower pressure stretching in a south-western direction from

the region of the great lakes to western Texas. Tho reason

assigned by Professor Loomis is undoubtedly correct, that the

relatively low normal pressure of the Mississippi States is due to

the fAot that *;he path usually taken by the barometric minima of i

[atmospheeto

American storms in the earlier part of their course is from Texas to

the lakes. Since, on the other hand, the centres of comparatively

few storms, with their low barometer readings, cross the southern

and south-eastern States, the normal winter pressure is higher there

than it is along the Mississippi. ,.,.•.
Another imporUnt modification occurs in India, where the isobar

of 30 inches is deflected to tho south-east toward Madras and

thence towards the north-east to near Akyab in Arakan. This

remarkable deflexion well shows the important influence exerted on

the course of the isobar by large well-defined sheets of water and

extensive tracts of land. The distribution of pressure here indicated,

by which south of lat 22" the normal pressure is considerably

higher in the east than in the west of India, has, through the agency

of the winds resiUting from it, the most intimate and vital bearings

on the distribution of the winter rains and temperature over con-

siderable portions of India ; and tho same relations hold, but in a

degree still more striking, in the meteorology of Ceylon.

The remarkable effect in interrupting or changing the course of

the isobars is particulariy well illustrated by the lines in the region

of the Aral, Caspian, and Black Seas. As the point is of no small

Importance in meteorology, and is best illustrated by the Mediter.

Fig. 15.—Isobars of Europe for January.

ranean and the countries to the north of it, we subjoin a map of thi»

part of Europe (fig. 15), showing the normal pressure with greater

distinctness and fulness than could be shown on fig. 14, the isobaia

being drawn for every half-tenth of an inch.

Here we see two distinct areas of high pressure, the one in

Hnni^ry and the other in the Peninsula, where the normal pressure

excee°ds 30-20 inches. The latter is tho larger of the two, and may

be regarded as the prolongation of the region of high pressure which

char^terizes the Atlantic immediately to tho south-west at this

season. The high-pressure area included withm the isobar SO'IS

inches is of peculiar interest. In tho Peninsula it covers a pretty

broad area, but to the northeast it contracts to a narrow neck

between the Bay of Biscay and the Gulf of Lyons, and again expands

to north-eastward covering the distance from Carlsruhe to Modena,

its prolongation eastward being there somewhat suddenly inter-

rupted. At some distance to the eastward the second region of high

pressure is met with, which is properly a part of tho high pressuro

thai overspreads the interior of tho Old Continent in the winter

months, its western limit being the isobar of 30-15 inches, which

passes round by Pinsk, Cracow, Vienna, Laibach and the upper

southern slopes of the basin of the Danube, Sebastopol, and thencd

southward in the direction of Cyprus.

The position of the latter of these regions of high pressure is

ap'iroximately midway between tho south coasts of Asia ilinor and

the Baltic. In other words, its posit\on occupies tho interior of this

part of the Old Continent ; and it is instructive to note that the

position of tho Black Sea and tho Greek archipelago in the south

portion of this region pushes the isobar of 30 15 inches a good deal

to northward. The position of tho region of high pressure in the

Peninsula, France, and Switzerland is also decidedly inland. It

does not, however, exactly occupy the middle space of the land

lying between tho Mediterranean and. the North Sea, owing no

doubt to the circumstance that the very steep barometric gradient

frum France to Iceland greatly lowers the pressure over the whole

of the northern half of France. It follows that the abnormally

high pressure which so remarkably characterize3 the interior of the

Old Continent during the cold months of winter is represented,

though in a greatly reduced form, westwards through the centi«i

districts of that continent. . xv
Those two regions of high pressure are separated from ea^n otMT
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by a large area of comparatively low pressure overspreading the

greater portion of the Mediterranean Sea,—marked off in fig. 15 by
the isobar of SO'IO inches, within which pressure is everywhere less

than SO'IO inches. This region includes an area of still lower

pressure within the isobar of 30 06 inches, bounded by Sicily,

Corfu, Athens, and Crete. Hence the singularly low pressure which
characterizes the northern part of the Atlantic at this season has its

analogue in the south of Europe, which is unquestionably due to

the liigher temperature and larger humidity of the climates of

southern Europe which they owe to the Mediterranean.

It iS deserving of special notice that, while the increase of the

normal pressure of January from Genoa to Geneva is 081 inch,

it is only 0'021 inch from Trieste to Riva, and that to the north

of the Adriatic as far as latitude 50° pressure is considerably lower

thau obtains to the west and east of that region. An examination

of the daily weather maps of Europe shows that not unfrequently

the storms of north-western Europe on advancing as far to east-

ward as Denmark seem to connect themselves in some degree with

Mediterranean storms prevailing at the time through a north and
south prolongation of a system of low pressures. The comparative

frequency with which this occurs is probably occasioned by the

general drift to eastward of the atmosphere of Europe, considered as

a whole, taken in connexion with the high mountainous ridge

which bounds the Adriatic on its eastern side, from which it follows

that the air overspreading the deep basin of the Adriatic is often

highly saturated with vapour, and this highly saturated air is

drawn northwards through central Europe when north-western

storms of Europe with low barometric depression centres pass across

Denmark and the Baltic. Thus the low normal pressure to the

north of the Adriatic, separating the t\vo regions of high pressure

to the east and west of it, is in some respects analogous to the

low normal pressure of the Mississippi valley, which separates the

higher normal pressures of the Eocky Mountains and of the south-

eastern of the United States.

The influence of land and water respectively in the cold season of

the year is well shown in fig. 16, which represents for every 0'020

inch the normal pressure over the British Islands in January,
drawn from means calculated for two hundred and ninety-five

stations.'

It is in the winter months that the isobars of the British Islands

crowd most closely together, and in accordance therewith strong

winds are then most prevalent. The crowding of the isobars

reaches the maximum in January, forming what is probably the

steepest mean monthly barometric gradient that occurs at any
season anywhere on the globe. The point, however, to which
attention is here drawn is the remarkable influence of St George's

Channel and the Irish Sea in diminishing the pressures as they
cross these Seas, and of the land in increasing the pressure, which
is seen in the curves occupying approximately the central districts

of Great Britain from the Isle of Wight to Capo "V\'rath. This
shows on a comparatively small scale the influence of the land IB

Fia. 16 — Isobars of the British Islands for January,

raising the normal pressure, and of the sea in lowering it, dunng til«

Fia. 17.—July Isobars of the Globe and Prevailing Winds.

,aH d jnths of the year, just as is seen on the grand scale in central
SjDcru K.;'! the north of the Atlantic.

J 5eo J^mal of Scot. Meleorological Society, ToL vi. pp. 4-21.

Mean Atmospheric Pressure in July (fig. 17). —In this month the

physical conditions are the reverse of what obtains in Janoary, U<6

eff"ects of the inflnence of the sun on the temperature and hnmidi^
of the atmosphere rising to the maximum in the northein and £all-
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i„g to the minimum in the «o"thcm hem sphe o ^^;* '>">
"kj

conditions reversed, a comparison of f.p. 14 ^^^^ "3\„ fu "^
distribution of atmospheric pressure in July .s, considered in a broad

sense the reverse of what takes place in January.
.

""fn the' southern hemisphere' -\-^°^l'^"\F^,^^:^,t:TeV^n
winter season is above the general average of 30

.'"f
"^^

~'?f.«"

U rises 3013 inches; and in the ocean to westwards, where it

reaches 30 02 inches. The point to be noted with respect to the

I^Ts Uon oi these centres of hijh pressure at this season is ha^. they

iccurovcr surfaces between latitudes 20 and 36. As comnarea

3. January, pressure in July over nearly the whole of llus br«ad

belt of the siuthcrn hemisphere is about two-tenths of an inch

hi 'her which is the simple result of season. A comparison of

jinuar'ylnd July shows that this largo accession to the pressure of

the so/thcrn heinisphere is accompanied by an extraordinary dim,

nution of pressure o'ver the continents of the northern hemisphere

Now, just as the greatest excess of pressure during the winter

of the northern hemisphere occurs in tho continent of Asia, so tho

neatest diminution ol" pressure in the summer months takes place

S tt slmeTontinent. ^l.e position, however, "f these two extremes

is far from being in the same region or even near each othc"-; 1°

the Old Continent the maximum occurs in the valley of the upper

Amur where, at Nertchinsk, the normal pressure in January is

about 30-500 inches ; whereas the lowest normal pressure m July is

29-412 inches, and occurs, so far as observation enables us to locate

ft a Jarobabad on tho west side of the basin of the Indus. The

difference of these two normals is 1 -188 inch ; and over no inconsider-

able portion of central Asia the normal pressure of July is an inch

less tWn that of January. In other words, the influence of the sun

in summer as exerted on the temperature and aqueous vapour of the

atmosphere and atmospheric movements resulUng therefrom is so

powerful as to remove a thirtieth part of the whole mass of the

air from this extensive region.
, i f„«„„„

The large extension in recent years of good meteorological stations

over the Russian and Indian empires enables us to lay down with

much greater precision than formerly the lines of pressure. Ot the

changes indicated by the new isobars, the most important perhaps

is the position of the region of minimum pressure m Asia, which is

now seen to occupy the basin of the Indus, and thence stretches

over a somewhat broad region to westward nearly as far as the head

of the Persian Gulf. The point is of no small importance in atmo-

spheric physics, inasmuch as it places the region of least normal

pressure in July as close geographically to the region where at the

time terrestrial temperature is highest as the region of highest normal

pressure in January is situated with respect to the region where in

that month terrestrial temperature is lowest in Asia.

The July isobars of India are of singular interest, and imply con-

sequences of the utmost practical advantage to the empire. From

Cutch southward the normal pressure is everywhere higher, and

considerably so, along the whole of the west than it is in the cast in

the same latitudes-, the difference being approximately half a tenth

of an inch. This is represented on the map by the slanting of the

isobars from north-west to south-east as they cross this part of

India ; and it is to be noted that the east and west coasts of Ceylon

show the same manner of distribution of the pressure. The conse-

quence of this peculiarity in the distribution of the pressure is that

the summer monsoon blows more directly from the ocean over

western and southern India than would have been the case if the

isobars had lain due east and west, and thus probably precipitates in

its course a more abundant rainfall over this part of the empire.

But a more important consequence follows from the geographical

distribution of the pressure over the valley of the Ganges. If the

normal pressure there had diminished in the manner it does over

India to the south of the Gangetic valley, the winds would have

been south-westerly and the summer climate practically rainless.

This, however, is not the case, but the normal pressure diminishes

westwards along the valley of the Ganges, as the foUomng mean

July pressures will show -.—Calcutta, 29-576 inches ; Patna, 29-535

inches ; Lucknow, 29-522 inches ; Roorkee, 29-505 inches
;
and in

crossing westward iuto the Punjab pressure falls still lower—to

29-439 inches at Mooltan and 29-412 inches at Jacobabad. Indeed

pressure in July is 0-220 inches lower at Jacobabad than at Sibsagar

on the Brahmaputra, nearly in the same latitude. It necessarily

follows from this distribution of the pressure that the summer mon-

soon, which blows northward over the Bay of Bengal, is deflected

into an E.S.E. wind which fills the whole valley of the Ganges,

distributing on its way a most generous rainfall over that magnifi-

cent region.

The influence of the land in lowering tho pressure m summer is

well illustrated by the course of the isobars ov^r western Siberia

and Bussia, where pressure is seen to fall relatively lowest along

,l,n middle line of tho-Old Continent. In this connexion it is

n ter" tii to note the cou„e of the isobar of 29-90 -cbes ove.

that part of Europe where the breadth of the land is consideraU,

nere^ed-^betweeS the Baltic and Constantinople. In con^cUs-

t?nc?^n to this the influence of the Aral, Caspian, and Black S^
n maintaining a higher pressure appears in the remarkable • pro-

on^Uon eastward ol the \..bars of tlgher nressure over the region

of tfeso seas, being instriking contrast to t£e lower pressures which

prevail to tho north and south. j -j i • ,i,„:„ion^^
The lowering of tho normal pressure is very decided >n themUnd

rcrions of Spain, North Italy, and Scandinavia. The effect is most

fong y ee^n in'Spafn, tho largest and compactest of tteso regions

Thus while the normal pressure diminishes between Lisbon and

Barcelona from 30-086 to 30-048 inches, the sea-level pressure at

Madrid falls nearly to 30-000, and the pressure at Saragossa Mid

Valladolid is nearly as low. This lowering of the pressure over the

interior influences materially its summer climate. As remarkable

an illustration of the principle as can be pointed to =«'3™l'ere^'f
=f«"

in the north of Italy ; for, while the normal pressure at Ifencalien

is 29-941 inches, at Genoa on the coast the relatively high norn^

of 29-992 inches is maintained, the distance of f'O^t^o Pl^'^^'^"^*

about 40 mUes. To the east pressure rises to 29-970 mches at

Venice, and to westward to 30 -023 inches at Geneva. Over S«indi-

navia, along the west coast from tho Arctic circle southward the

normal pres°sure equals or exceeds 29-80 '"^1"=^. tl^^^^^tiori being

comparatively sma\l ; and along the coast from the head of the Gdi

of Bothnia to the south-east of Sweden pressure also exceeds 29 80

inches, and the increase from north to south proceeds ^t » ^low rate.

In however, the strictly inland districts to the north-east of

Christiania. which lie immediately to the east of the Scandinavian

mountains.*and sheltered by that lofty range from the ^°<ls of the

Atlantic, pressure is considerably lower than.it is a ong the e^ and

west coasta of the peninsula. Owin^ to this peculiar <i>5t"b°^«

of the pressure, the winds which necessarily result from it give •

much finer summer climate to the south-east of Norway and to th«

strictly inland part of Sweden than would otherwise be the case

The^r markable curving northward of the ^obar of 29-80 mchea

so as to include Lapland within it points probably to the influence

of the White Sea and the wonderful lake system of Lap'and in

maintaining a higher summer pressure over that country, by which

the northerly winds that blow towards the low-pressure region ol

Central Asia, to the serious deterioration of the summer climate of

northern Siberia, do not extend so far to ^^^'ward as Lapland.

The distribution of the normal pressure over North Amencaia

quite analogous to what prevails over Asia, but, the continent being

less, the diminution of pressure in the interior is also correspond-

ing y less. The highest normal pressure. 30-077 inches, is found m
th! south-east in Florida, and the lowest, 29-780 inches, in Utah th.

difference being thus 0-297 inch. Another '^g-™ °f
''t^'lJ'f'y "t?^

pressure is in the north-western States and British Colombia to the

north; the maximum, near the mouth of the Columbia r^er

reaches 30-062 inches, being thus nearly as high as what occurs id

Florida. These two regions are merely extensions of important

high-pressure areas which at this reason are highly charactensho

features of the meteorology of the North Pacific and North Atlantic

'^^Orthlse'^'two regions of high pressure the one overspreading the

Atlantic between the United States and Africa is the more staking,

being not only the region where pressure is highest any^^^^e °n

the globe duriig the monChs of June. July, and August, but where

the Sormal pressure reaches the highoct point aiUmed at any season

over the ocean. The highest point reached by the normal pressure

over the land at any season occurs, as has been pointed out near the

cmtre of Asia, or approximately in the middle region of the lajgoat

continuous land surface on the globe during the coldest months of

the year. On the other hand, the highest pressure over the ocM.n

occurs during the warmest months of the year and not over the

largest water suri-ace. but in the middle regions of the^North AtlantiJ

wh?re the breadth is only about half that of the water surface of th6

North Pacific. , , , ,

From the essential differences between these two sets of pheno-

mena it may bo inferred that the extraordinarily high pressure

which is so marked a featu.e of the meteorology of Central Asm

during the cold months of the year is a direct consequence ot tne

lowering of thB tempeiTiture of the land of Asia and of the atmo-

sphere resting on it during the time of the year when the effects ot

solar radiation are at the annual minimum, and of terrestrial radia-

tion at tho annual maximum. But the determination of the place

and time of highest pressure over the ocean must be regarded as

indirectly biought about. The physical conditions under which it

occurs ara these :-it happens (1) at the time of the year when the

earth presente the largest surface of land to the sun, and (2) OTef

that part of tho ocean which is most completely surrounded by th«»

hi"hly heated land surfaces. This high summer pressure of tn»

Atlantic has ita origin in the upper currents of the atmosphere.

Mean Atmosplieric Pressure far the Fear.—The distribution Of

the annual atmospheric pressure may be considered as representing
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the siinu of the 'i-flucnces directly and indirectly at work throughout
tnu yeir in increasing or diminishing the pressure of the atmosphere.
There are two regions of high pressure, the one north and the
other south of the equator, which pass completely round the globe
as broad belts of high pressure. The belt of high pressure in the
southern hemisphere lies nearly parallel to the equator, and ia of
nearly unilo/m breadth throughout ; but the belt north of the
equator has a very irregular outline, and ehowa great differences in

its breadth and its inclination to the equator. These irregularities

wholly depend on the peculiar distribution of land and water which
obtains in the northern hemisphere.

These two zones of high pressure enclose between them the com-
parativfly low pressure of the tropics, through the centre of which
runs a Ldrrowor belt of still lower pressure, towards which the trade-

winds on either hand blow. Considered in a broad sense, there
are only three regions of low pressure, the equatorial one just

referred to, and one round each pole bounded by or contained
within the zones of high pressure juet describe! ITie most
remarkable of these, so far as it is known, is the region of low
pressure about the south pole which remaiiis low throughout the
year, playing the principal r61e in the wind'aystems of the Antarctic
zone, in its heavy snowfall and rainfall, ancj in the enormous ice-

bergs which form so striking a feature of the water of the Southern
Ocean.

The depression aroundthe north pole contains within its area two
distinct centres of still lower pressure, the one tilling the northern
part of the Atlantic and the other that of the Pacific. Of these two
the low-pressure area round Iceland is the deeper, and is probably
occasioned by the steeper barometric gradients and strougot winds
which prevail crer the North Atlantic. The broad equatorial zone
of low pressure also contains two distinct regions characterized by
still loner pressures. The larger of the two stretches across

southern Asia from Assam to the head of the Persian Gult, and is

entirely due to the very low pressures which form so marked a feature

in the summer meteorology of that part of Asia. The regions of

the middle Indus and upper Ganges occupy the centre of this low-
pressure area, where normal pressure falls short of 29 '80 inches.

The second area of lowest equatorial pressure is in the centre of

Africa.

It may be here pointed out that the whole of these areas of low
mean annual pressure possess the common characteristic of an
excessive amount of moisture in the atmosphere. The Arctic and
Antarctic zones of low pressure, and the equatorial low-pressure zone
generally, m^y be regarded as all but wholly occasioneci by the com-
paratively large amount of vapour in their atmosphere. As regards
the region of low pressure of southern Asia in summer, it is

remarkable that, while the eastern half which overspreads the valley
of the Ganges is characterized by a moist atmosphere and large
rainfall, the western half of it is singularly dry and practically rain-

less, and that the central portion of this remarkable depression
occupies a region where at the time the climate is one of the driest

and hottest anywhere to be found on the globe. Hence, while the
vapour ia the more important of the disturbing influences at work
in the atmosphere, the temperature also plays no inconspicuous part
directly in destroying atmospheric equilibrium, from which result

winds, storms, and many other atmospheric changes. •

The PrexKiiling Winds of the Globe.—If atmospheric
pressure were equal in all parts of the earth we should
have the physical conditions of a stagnant atmosphere.
Such, however, is not the case. Let there be produced a
concentration of aqueous vapour over a particular region,

or let one region show a higher temperature than what
prevails around it, then from the different densities,

and consequently different pressures thereby produced,
the equilibrium of the atmosphere is destroyed, and, as

might be expected from the laws of aerial fluids, move-
ments of the. air, or winds, set in to restore the equili-

brium. Now every one of the isobaric maps we have
given, as well as every isobaric map which has been made
from recorded observations, indicates very considerable

disturbance of the equilibrium at the surface of the earth.

All observation shows that the prevailing winds of any
region at any season of the year are simply the expression
of the atmospheric movements which result from the dis-

turbance of the equilibrium of the atmosphere indicated by
the isobaric maps for that season and region.

AJl winds may be regarded as caused directly by diff'ereni,.''*

of atmospheric pressure, just as the flow of rivers is caused
by differences of level, the motion of the air and the motion
of the water being both referable to gravitation. The wind
blows from a region of higher towards a regicn of lower

pressrje,—in otber words from where there is a surplus to
where there is a deficiency of air ; and this takes place
whether the differences of pressure be measurable by the
barometer, as is generally the case, or not readily measur-
able, as in the case of sea breezes, squalls, and sudden gusts
of wind which are of short duration.

So far as is known, differences of atmosph'feric pressure,
and consequently all winds, originate in changes occurring
either in the temperature or the humidity of the air over
restricted regions. Thus, if two regions contiguous to each
other come to be of unequal temperature, the air of the
warmer region, being specifically lighter, will ascend, and
the heavier air of the colder region will flow in below to
take its place. Of this class of winds the sea and land
breezes are the best examples. Again, if the air of one
region comes to be more highly charged with aqueous
vapour than the air of surrounding regions, the air of the
more^ humi^ region being lighter will ascend, while the
heavier air of the drier regions wiU flow in below and
take its place. Since part of the vapour will be condensed
into cloud or rain as it ascends, heat is thereby disengaged,
and the equilibrium still further disturbed. In this way
originate gales, storms, tempests, hurricanes, and all the
more violent commotions of the atmosphere, except some
of the forms of the whirlwind, such as dust storms, in the
production of which very great differences of temperature
are more immediately and exclusively concerned.

The Trade-Windi.—From fig. 14, giving the isobarics

for January, it is seen that atmospheric pressure in the
Atlantic is lower near the equator than it is to north
and south of it ; and the arrows indicate that to the north
of the tract of lowest pressure N.E. winds prevail and
to the south of it S.E. winds. These are the well-

known N.E. and S.E. trade-winds, which thus blow from
regions of high .pressure towards the tract of lower pressure

situated midway between them. The trade-winds do not

blow directly to where the lowest pressure is, but in a slant-

ing direction at an angle of about half a degree. The devia-

tion from the direct course is due to the influence of the

rotation of the earth on its axis from west to east,—an
influence to which all winds and all currents of the ocean

are subject.

In virtue of this rotation, objects on the earth's surface

at the equator are carried round towards the east at the

rate of about 17 miles a minute. On receding from the

equator, however, this rate of velocity is being continually

diminished, so that at 60° N. lat. it is only about 8| miles

a minute, and at the poles nothing. From this it follows

that a wind blowing along the earth's surface in the direc-

tion of the equator is constantly arriving at places which

have a greater eastward velocity than itself. As the wind

thus lags behind, these places come up, as it were, against

it, the result being an east wind. Since, therefore, the

wind north of the equator is under the influence of two

forces—one, the low pressure near the equator, drawing

it southwards, and the other, the rotation of the earth,

deflecting it eastwards—it will, by the law of the composi-

tion of forces, take an intermediate direction, and blow from

north-east. For the same reason, south of the equator the

south is deflected into a south-east wmd.

In the Atlantic the north trades prevail between

latitudes 7° and 30° N., and the south trades between lati-

tudes 3° N. and 25° S. These limits are not stationary,

but follow the sun, being farthest to the south in February

and to the north in August. The tract of low pressure

between these wind systems is named the region of calms,

owing to the calm weather which often prevails there, and

it is also characterized by the frequent occurrence of heavy

rains. This region of calms varies its position with that

of the sun, reaching its most northern limit, lat. 11° N.,
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in August, and its most southern, lat. 1' N., in February.

Its breadth varies from 3° to 8°, and it lies generalJy

parallel to the equator. It is to be noted that, in the

Atlantic, the region of calms is at all seasons north of the

equator.

North and south trades also prevail in the Pacific Ocean,

separated by a region of calms, which would appear, how-

ever, to be of less breadth and to be less clearly defined

than is the region of calms in the Atlantic. In the eastern

portion of the Pacific the region of calms lies at all seasons

to the north of the equator, but in the western division it

is considerably south of the equator during the summer

months of the southern hemisphere, this southerly position

being in all likebhood occasioned by the extraordinarily high

prcssvire in Asia in its relations to the low pressure in the

interior of Australia at this season. Daring the summer

months of the northern hemisphere the region of calms

wholly disappears from the Indian Ocean and from the

western part of the Pacific Ocean, there being theli an

unbroken diminishing pressure from the latitude of

Mauritius and Central Australia northwards as far as tho

low pressure of Central Asia.

Regions of light and variable winds and camis occur at

the higher limits of the north and south trades. Except in

the Pacific, where, owing to the greater breadth of that

ocean, they spread over a considerable extent, these regions

appear but in circumscribed patches, such as characterize

the meteorology of the North and South Atlantic about

latitudes 26° to 36° Of these regions of calms the most

important is that marked off by the high pressure in the

North Atlantic, between the United States and Africa.

This is the region of the Sargasso Sea, where the weather

is characterized by calms and variable winds, and the ocean

by its comparatively still waters. These are known to

seamen as the " horse latitudes," and are essentially

different from the equatorial region of calms. The latter,

as has been stated, is the region of low pressure at the

mec.ing of the north and south trades, where the climate

is distinguished for its general sunlessness and heavy

rainfall. On the other hand, the calm regions in the

Atlantic and Pacific Oceans about the tropics have an

atmospheric pressure abnormally high, clear skies, and
the weather generally sunny and bright, with occasional

squalls.

Numerous observations made in all parts ot the globe

establish the fact that, while the surface winds within the

tropics are directed towards the equatorial region of calms

in such a manner that the general intertropical movements
of the atmosphere or prevailing winds are easterly, the

prevailing winds of the north and south temperate zones

are westerly. The westing of these great aerial currents

is due to the same cause that gives easting to the trade-

winds, viz., the rotation of the earth round its axis, for,

as an aerial current advances into higher latitudes, it is

constantly arriving at regions having a less rotatory velocity

than itself ; it thus outstrips them and leaves them behind

;

in other words, it blows over these places as a westerly

wind.

While, however, the general prevalence of westerly winds
has been established over the extratropical regions of

Europe, Asia, Africa, America, and Australia, the direc-

tions which in different seasons and at different places are

actually found to prevail often differ very widely from
west. An examination of the winds at one hundred and
fifteen places pretty well distributed over the northern

hemisphere reveals the instructive fact that almost every

place shows two maximum directions from which winds
blow more frequently than from the other directions, and
that one of these two directions shows a considerable excess

over the other. Thus, for example, the following are, on a

twenty years' average, the number of days at Greenwich

each wind prevails during the year :—N., 41; N.E., 49; E.,

23; S.E., 21; S., 34; S.W., 103; W., 38; N.W., 24; and

calms, 32. Hence S.W. and N.E. winds are there more

prevalent than winds from any other directioi), and of these

two winds the greater maximum direction is S.W. If the

two maximum directions be sorted into groups, then the

greater maximum direction occurs as follows:

—

from S.S.W. to \V. at 47 places

„ W.N W. „ N. „ 53 „
„ N.N.E. „ E. „ 19 „
„ E.S.E. „ S. „ 16 „

and the other maximum direction is

from S.S.W. to W. at 20 places

„ W.N.W. „ N. „ 22 „
„ N.N.E. „ E. „ 38 „
,, E.S.E. ,, S. ,, 32 „

This result of observation, so different from what was long

accepted as being in accordance with the generally received

theory of the movements of the atmosphere, teaches the

important lesson that the region towards which the extra-

tropical winds of the northern hemisphere are directed is

not the region of the north pole.

Prevailing TFujcfe in January.—On examining fig. 14,

which shows the distribution of atmospheric pressttfe in

January, it is seen that pressure is abnormally low over

the northern portion of the Atlantic—the lowest occurring

between Iceland and South Greenland—from which it

rises as we proceed in a S.W. direction towards Americai

in a S. direction over the Atlantic, and in a S.E. and R
direction over Europe and Asia. Now what influence has

this remarkable atmospheric depression on the prevailing

winds over this large and important part of the earth's

surface? The arrows in the figure, which indicate the

prevailing winds, and which have been laid down from

observations, answer this question.

At stations on the east side of North America the

arrows show a decided predominance of north-west winds;

at the more northern places the general direction is more
northerly, whereas farther south it is more westerly. In

the Atlantic between America and Great Britain, in the

south of England, in France and Belgium, the direction is

nearly S.W. In Ireland and Scotland it is W.S.W.;
in Denmark and the north-west of Russia S.S.W. ; from
St Petersburg to Tobolsk S.W. ; on the west of Norway
generally S.S.E. ; and in Greenland, the north of Iceland,

and about Spitzbergen N.E. Hence all the prevailing

winds in January over this extensive portion of the globe

may be regarded as the simple expression of the difference

of atmospheric pressure which prevails over the different

parts of the region. In truth the whole appears to flow

vorticosely, or in an in-moving spiral course, towards the

region of low pressure lying to the south-west of Iceland,

and extending eastward over the Arctic Sea north of Russia.

The only marked changes in these directions of the wind
thus broadly sketched out are the deflexions caused
by the various mountain systems which lie, so to speak,

embedded in those vast aerial currents ; of these the

winds in the south of Norway afford excellent illustra-

tions.

The influence which this peculiar distribution of the

pressure over the north of the Atlantic exercises in

absolutely determining the winter climates of the respective

countries is most instructive. It is to this low pressure,

which draws over the British Islands W.S.W. wnds
from the warm waters of the Atlantic, that the open, mild,

anfi^ it must be added, rainy winters of these islands are

due. The same region of low pressure gives Russia and
Western Siberia their severe winters ; and it is the same
consideration that fully explains the enormous deflexion of

the isothermal linis from Norway eastwards and south-
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eastwards over the Old Continent. Finally, the same low

pressure draws over British America and the United States,

by the N.W. winds which it induces, the intensely dry

cold air-current of the Arctic regions. At Portland, Maine,

which is swept by these cold north-westerly winds, the

normal temperature in January is 23°'6, whereas at

Corunna, on the coast of Spain, in nearly the same latitude,

where south-westerly winds from the Atlantic prevail, the

mean temperature of the month is 49°'l, or 25°'5 higher.

The region of low atmospheric pressure in the north of

the Pacific is accompanied by prevailing winds over the

region embraced by it and by climatic effects in aU respects

similar to the above. In Vancouver Island the prevailing

winds in January are S.W., at Sitka E.S.E., on Great

Bear Lake E.N.E., in Alaska N.E., in Kamchatka N.N.E.,

and in Japan N.W. In accordance with these winds
the winter climate of Vancouver and adjoining regions

is mild and humid, and that of the north-east of Asia dry
and intensely cold.

On the other hand, abnormally high pressure rules over

the continent of Asia at this season, and as regards this

region of high pressure itie arrows represent the winds aa

blowing outwards from it in all directions. Over the

interior of Asia, where the highest normal pressures are,

observations show a marked prevalence of calms and light

winds, but around this central region the prevailing winds
in January are—at Calcutta N., at Hong-Kong E.N.E.,
at Peking N.W., on the Amur W.N.W., S.E. at Nijni-

kolynisk and S.S.W. at Ustjansk (in the north of Siberia),

and at Bogoslovsk S.W. Hence from this e.'itensive

region, where pressiire is abnormally high, or where at

this season there is a large surplus of air, the prevailing

winds flow outv^ards in all directions towards the lower

pressure which surrounds it. Owing to the excessive dry-

ness of the air of Central Asia, terrestrial radiation is less

obstructed there than anjnvhere else on the globe, and
-consequently the temperature falls very low, the mean of

January at Werchojansk being - 65°'8, which is the lowest

mean monthJy temperature known to occur on the earth's

surface. And, since the winds blow outwards from the

dry cold climates of the interior, temperatures are low,

even on the coasts. Of this China affords good illustrations.

Thus the mean January temperature of Peking is 22°-7 and
of Zi-ka-Wei, near Shanghai, 35°'4, whereas at Corfu and
Alexandria the normal temperatures for January are

respectively 60°-9 and 58°0, or 28°-2 and 22''-6 higher
than in corresponding latitudes on the coast of China.
The winds of the United States in winter, taken in

ronnexion with the peculiar distribution of pressure already

described, are very interesting. There are two regions of

high pressure, one in the south-eastern States and the other

and larger one in the region around Utah ; and between
these there is interposed a trough of lower pressure extend
ing from Chicago to the south-west of Texas. On the
western side of this depression the winds are north
westerly, but to the east of it they become W., W.S.W.,
and in some places S.W., and again on nearing the Atlantic

seaboard they become north-westerly. In connexion with
the region of higher pressure in the west, the prevailing

winds are seen to flow outward • from it. The normal
pressure diminishes everywhere to southward of a line

drawn from the Canaries to Bermuda, thence westward in

nearly the same latitude to Texas, and then to west-north
west to San Francisco. The tract of lowest pressure
stretches from the basin of the Amazon in the direction of

the isthmus of Panama in about latitude 8° N., and thence
is continued westward for a considerable distance into the
Pacific in nearly the same latitude. It follows from this

distribution of the pressure that the north trades in a more
or less modified form prevail over South Asxerica to the

l(i— !S

north of the Amazon, ana m the Pacific to the north of
lat. 8° N., probably as far to westward as long. 150° W.
The low-pressure systems which prevail during the

summer months in South America and South Africa have
each its corresponding system of winds all round. It is,

however, in Australia, aa being the most compact and
isolated continent, that the influence of the summer sun in
lowering the pressure is best LUustrated. In that continent
the lowest pressure occurs in the region situated about
midway between the north coast and the tropic of

Capricorn, over which the normal pressure does not exceed
29 80 inches. Further, everywhere in Australia pressure
diminishes from the coast on advancing upon the inland
districts. It follows from this disposition of the pressure
that all round the island the prevailing winds in summer
blow from the sea towards the interior , and accordingly it

is in these months that the greater part of the rain falls.

From the low pressure of the interior southwards to Bass's
Straits pressure rises continuously, the increase in the
normal over this space being about 0-200 inch. To north-
ward it also rises continuously to beyond the north of
China, the increase on this side being about I of an incL
In this case the greater part of the increase occurs over
the continent, the rate of increase from the north of
Australia to the Philippine Islands being only about the
rate of increase which obtains southward towards Bass's
Straits. It will be shown when the subject of the rainfall

is examined that it is the relative excess of these high
pressures, the one in the south of Australia and the other
in the south-east of Asia, that determines the position
of the area of low pressure in Australia in particular years,
and with that position the degree and extent to which the
whole of the northern portion of Australia is watered by
the rainfall. Thus, when pressure is more than usually
high in the south-east of Asia, and either low or not ex-
cessive in the south of Australia, then the low-pressure
region is pushed farther southward into the interior, and
with it the rainfall spreads inland over a wider area and to

a greater depth.

Prevailing Winds in July.—In the winter of the
southern hemisphere, the geographical distribution of
pressufe is exactly the reverse in Australia of what obtains
during the summer months. Everywhere all round it

increases on advancing from the foast into inland districts.

The lowest pressure, about 30 00 inches, occurs on the
north coast, and the highest over the basin of the Murray
river and its affluents, where it rises generally to 30-18
inches. On the south coast it is generally about 30-12
inches, falling, however, at Gabo Island, in the extreme
south-east, to 30-050 inches, and to 29836 in the south of

New Zealand. From the Murray river the diminution of

pressure is continuous to the north, even to the low pressure
of Central Asia. From this arrangement of the pressure,

the prevailing winds blow from the interior towards the
surrounding ocean all round Australia, with the single

exception of the extreme south-west of the continent, where
the prevailing winds are south-westerly, being here essenti-

ally an outflow of the high pressure which overspreads the

Indian Ocean to the westward. As these S.W. winds are

from the ocean, the rainfall at Perth in July is fully 6
inches, and it is high over south-western districts of West
Aastralia. The prevailing winds round Australia are S.E.

on the north coast, S.W at Brisbane, W.N.W. at Sydney,<

N at Jtelboume, N R at Adelaide. These all represent

an outflow from the high-pressure regions of the interior

modified by the influence of the earth's rotation, and, in

correspondence with the reversal of the distribution of the

pressure, are directions the reverse of the prevailing winds
of January

In July the central and southern parts of Asia a«S
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highly Keatod by the summer sun, and, besides, the rainfall

over southern parts is excessive. Consequently atmospheric

prcpsuifl is very low, being fully 040 inch lower in the

Punjab than it is in the south of Ceylon. From the

interior pressure rises continuously on advancing to the

eastward, southward, westward, ana northward, and from

all these directions the prevailing winds of summer flow

inwards upon the interior, and these bring rain or parching

drought according to tUe vapour they bring from the

ocean they have traversed, and according as they advance

into wanner or colder regions. The prevailing summer

winds of Asia, being an inflow inwards upon the interior.

have, generally speaking, exactly the reverse direction of

<hat prevailing in winter.

The winds of Europe are mainly determined by the

extraordinarily high pressure of the Atlantic in its relations

to the low-pressure systems of Central Asia and Central

Africa at this time. The mnds in the Spanish Peninsula

are north-west : in the north of Africa they are northerly,

and again north-westerly in Syria. The winds of the

British Islands and western Europe have less southing and

more northing than the prevailing winds of winter, and to

the east of long. 40° E. they become decidedly north-west.

It is to the Atlantic origin of these winds that the summer

climates of these large and important regions owe the com-

paratively large rainfall of this season, it being at this time

that the rainfall reaches the annual maximum. The bear-

ing of the low-pressure areas and mountain systems of the

north of Italy and Scandinavia on the climates of these

countries will be afterwards referred to.

The centre of lowest pressure in North America is over

the district about Utah, from which it rises all round, least

to northward and most in south-easterly and north-westerly

directions. In California N.VV. winds necessarily blow in-

wards upon this central low-pressure area; and, as these winds

pass successively over regions the temperature of which con-

stantly increa.ses, the summer climate is rainless. On the

other hand, southerly and south-easterly winds from the Gulf

of Mexico blow up the western side of the basin of the Missis-

sippi inwards upon the low-pressure area of the centre, de-

positing in their course, in a rainfall more or less abundant,

the moisture they have brought from the Gulf. To the north

of lat 50°, and to westward of Hudson's Bay, the prevail-

ing winds become easterly and north-easterly, distributing

over Manitoba, Saskatchewan, and neighbouring regions,

as they contir.ue their westerly course towards the low-

pressure area, the rainfall they have transported thither

from the wide expanse of Hudson's Bay. An attentive

examination of the arrows of fig. 17 shows that the prevail-

ing winds over all the States to the east of the Mississippi

river are rather to be regarded as an outflow from the

region of very high pressure over the Atlantic to south-

eastward. Thus in Florida the winds are S.E., in the

southern States S., and in the lake region, in the New Eng-

land States, and on the Atlantic seaboard S.W. Since the

origin of these winds is thus essentially oceanic, and since

in their course northwards no mountain range crosses their

path, the whole of this extensive region enjoys a large but

by no means excessive rainfall, which, taken in connexion

with the temperature, renders the summer climate of these

States one of the best to bo met with anywhere on

the globe for the succes-sful prosecution of agricultural

industries.

The remarkable protrusion of high pressures from the

southern hemisphere, where they are massed at this time

of the year, northwards into the Atlantic is, as has already

been referred to, one of the outstanding features of the

meteorology of the summer months of the northern hemi-

sphere. In the central area of this large region the climate

is remarkable for its prevailing calms, light winds, occasional

[PKEVAILINO WUTDA

squalls, t»T,d clear skies. From this comparatively calm

space the wind blows outwards in all directions towards and

in upon the surrounding regions of low pressure. These

winds, owing to the high temperature, clear skies, and strong

sunshine of the region from which they issue, carry with

them a great amount of vapour near the surface, by which

to a large extent the north of South America, the east of

North America, the greater part of Europe, and a large por-

tion of Africa are watered. The prevailing winds over this

region are further interesting, not merely from the striking

illustration they give of the intimate relation of the winds

to the distribution of the pressure, but as being of no small

importance in determining the best routes to be taken over

this great highway of commerce, and the more so inasmuch

as the currents of the ocean are coincident with these pre-

vailing winds.

In the Antarctic regions, or rather to the south of lat.

45° S., the normal atmospheric pressure is low at all

seasons, there being a gradual diminution of pressure to

29-20 inches about lat. 60° S. Pressure is probably even

still lower nearer to the south pole, as seems to be indi-

cated by the observations made by Sir James C. Ross, and

in the " Challenger " and other expeditions. Over this

zone the prevailing winds are W.N.W. and N.W. This is

the region of the " brave west winds," the " roaring forties
"

of sailors, which play such an important part in navigation,

and which determine that the outward voyage to Australia

be round the Cape of Good Hope and thence eastward, and

tie homeward voyage eastward round Cape Horn, the

globe being thus circumnavigated by the double voyage.

That the general drift of these winds is inwards upon the

south pole is strongly attested by the existence of the

enormously thick wall of ice which engirdles these regions,

from which are constantly breaking away the innumerable

icebergs that cover the Southern Ocean, none of which is

ever seen of a calculated thickness less than 1400 feet.

The snow and rainfall which must take place in the south

polar regions for the formation of icebergs of such a

thickness must be peculiarly heavy, but not heavier than

might be expected from the strength and degree of satura-

tion of the " roaring forties " which unceasingly precipitate

their moisture over these regions.

To sum up :—so far as the prevailing winds are con-

cerned, it has been shown that where pressure is high, that

is to say, where there exists a surplus of air, out of such

a region winds blow in all directions ; and, on the other

hand, where pressure is low, or where there is a deficienc}

of air, towards such a region winds blow from all directions

in an in-moving spiral course. This outflow of air-currents

from a region of high pressure upon a region of low pres-

sure is reducible to a single principle, >dz., the principle of

gravitation. Given as observed facts the differences of

pressure, it is easy to state with a close approximation to

accuracy what are the prevailing winds, before calculating

the averages from the wind observations. Indeed so pre-

dominating is the influence of gravitation where differences

of pressure, however produced, exist that it may practically

be regarded as the sole force immediately concerned in

causing the movements of the atmosphere. If there be

any other force or forces that set the winds in motion

independently of the force called into play by differences of

mass or pressure, their influence must be altogether insig-

nificant as compared with gravitation.

It has been abundantly proved that the wind does not
blow directly from the region of high towards that of low
pressure, but that, in the northern hemisphere, the region of

lowest pressure is to the left of the direction towards which
the wind blows, and in the southern hemisphere to the

right of it. This direction of the prevailing wind with

reference to the pressure is in strict accordance vrith Buys
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Ballot'8 Law of the Winds, which may be thus expressed :

—

the wind neither blows round the centre of lowest pressure

in circles, or as tangents to the concentric isobaric curves

of storms or cyclones, nor does it blow directly towards the

centre ; but it takes a direction intermediate, approaching,

however, more nearly to the direction and course of the

circular curves than of the radii to the centre. The angle

formea oy a line drawn to the centre of lowest pressure

from the observer's position and a line drawn in the direc-

tion of the wind is not a right angle, but an angle of from
P0° to 80°.

From its importance in practical meteorology Buys
Ballot's law may be stated in these two convenient forms.

(1) Stand with your back to the wind, and the centre of

the depression or the place where the barometer is lowest

will be to your left in the northern hemisphere, and to

your right in the southern hemisphere. This is the rule

for sailors by which they are guided to steer with refer-

ence to storms. (2) Stand with the high barometer to

your right and the low barometer to your left, and the

wind will blow on your back, these positions in the southern

hemisphere being reversed. It is in this form that the

prevailing winds of any part of the globe may be worked
out from the isobaric charts (figs. 14 and 17).

From the all-important consequences which flow from the

geographical distribution of the pressure it is evident that

the regions of low and of high normal pressure must be
regarded as the true poles of the prevailing winds on the

earth's surface, towards which and from which the great

movements of the atmosphere proceed. From the unequal

distribution of land and water, and their different relations

to solar and terrestrial radiation, it follows that the poles

of pressure and of atmospheric movements are, just as

happens with respect to the poles of temperature, very far

from being coincident with the north pole. Thus during

the winter months the regions to which the origin of the

great prevailing winds of the northern hemispiiere are to

be referred are Central Asia, the region of the Rocky
Mountains, and the horse latitudes of the Atlantic, and
the regions towards and in upon which they flow are the

low-pressure systems in the north of the Atlantic and
Paci£c Oceans, and the tract of low pressure within the

tropics towards which the trade-winds blow In the

summer months the reversed conditions of pressure-distri-

bution then observed are attended with corresponding

changes in the prevailing winds ; and, generally speaking, '

if the south polar region be excepted, the poles of highest

and lowest pressure and atmospheric movements are at no

time coincident with the north pole. It is this considera-

tion which affords the true explanation why prevailing

winds at so large a proportion of stations in the northern

hemisphere do not blow in the directions in which truo

equatorial and polar winds should blow.

The causes which bring about an unequal distribution of

the mass of the earth's atmosphere are mainly these two

—

the temperature and the moisture of the atmosphere con-

sidered with respect to the geographical distribution of

land and water. Owing to the very different relations of

land and water to temperature, as already stated, the

pummer temperature of continents greatly exceeds that of

the ocean in the same latitudes. Hence the abnormally

high temperature which prevails in the interior of Asia,

Africa, America, and Australia during their respective

summers, in consequence of which the air, becoming speci-

fically lighter, ascends in enormous columns thousands of

miles in diameter. On arriving at the higher regions of

the atmosphere it flows over neighbouring regions where
the surface temperature Ib lower, and thus the atmospheric

pressure of the highly heated regions is diminished.

Surface winds set in all round to take the place of the

air rpmoved from the continents by these ascending
currents, and since these necessarily are chiefly winds from
the ocean they are highly charged w;;.h aqueous vapour,

by the presence of whifVi. and by the condensation of the

vapour into cloud and ra.n, the pressure over continents at

this season is still further and very largely diminished.

Air charged with vapour is specifically lighter than when
without the vapour ; in other words, the more vapour
any given quantity of atmo.opheric air has in it the ;es8

is its specific gravity , and, further, the condensition
of vapour in ascending air is the chief cause of the cooling

effect being so much iess than that which would ba
experienced by dry air. From these two principles,

which were established by Dalton, Joule, and Sir William
Thomson, it follows that the pressure of vapour in the air,

and its condensation, exercise a powerful influence in

diminisJaii-g the pressure. The great disturbing influences

at work in the atmosphere are the forces called into play

by its aqueous vapour ; and it is to these, co-operating with

the forces called into play by the differences of temperature
directly, that the low normal pressure of the continents

during the summer is to be ascribed. The degree to which
the lowering of the pressure takes place is, as was to have
been expected, greatest in Asia, the largest continent, and
least in Australia, the smallest continent, while in America
it is intermediate.

The influence of the aqueous vapour in diminishing the

pressure is well seen in the belt of calms in the tropics

between the north and the south trade-winds. Since these

winds import into the belt of calms the vapour they have

taken up from the sea on their way thither, the climate is

characterized by a highly saturated atmosphere and heavy

rains. Again the air in regions near the Atlantic contains

much more vapour and is of a higher temperature during

winter than is observed at places in the interior of con-

tinents in the same latitudes. It follows thus that the air

over the north of the Atlantic and the regions adjoining is

specifically lighter than in the regions which surround

them. We have here therefore the physical conditions of

an ascending current ; and it is plain that the strength of

this current vrill not merely be kept up but increased by
the condensations of the vapour into cloud and rain which

take place within it, by which a higher temperature and a

greater specific lightness are maintained at the surface ol

the earth and at various heights in the atmosphere than

**sist over sxirrounding regions at the same heights.

Accordingly it is seen from the winter isobars that an

enormous diminution of pressure occurs over these regions,

and also over the north of the Pacific and the Antarctic,

as compared with the continents.

Since, on the other hand, dry and cold air is specifically

heavy, the winter isobars show that where temperature is

low and the air very dry pressure is high. Of this Asia

and North America are striking examples dunng December,

January, and February, and Australia, South Africa, and

South America during June, July, and August.

Since vast volumes of air are thus poured into the region

where pressure is low without increasing that pressure, and

vast volumes flow out of the region where pressure is high

without diminishing that pressure, it necessarily follows

that the volumes of air poured into the region of low

normal pressure do not accumulate over that region, but

must somehow escape away into other regions, and that

the volumes of air which flow out from the region of high

normal pressure must have their place supplied by fresh

accessions of air poured in from above. Th&t the same

law of relation observed between sea-level pressures and

surface winds obtains between pressures at different heights

and winds at the same heights is simply a necessary

inference. We are therefore justified in expecting that
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aaeending correnta vrill contiiine their ubCuut till a height

18 attained at which the pressure of the air composing the

currents equals or just fails short of the pressure over the

surrounding regions at that high level On reaching this

height the air, no longer buoyed up by a greater specific

levity than that of the surrounding air, will cease to

ascend, and expanding horizontally will thenceforth flow

over as an upper current towards those regions which offer

the least resistance to its course ; that is to say, it will

flow over upon those regions where, at that height, pressure

happens at the time to be least. Now from the known
densities of air of different temperatures and humidities it

is evident that the overflow of the upper current will take

place towards and over that region or regions the air of

which in the lower strata of the atmosphere happens to be

colder and drier than that of the other surrounding

regions,—because, being denser, a greater mass of air is

condensed or gathered together in the lower strata of the

atmosphere, thus leaving a less mass of air, or a diminished

pressure, in the higher region of the upper current.

If this be 60, then the extraordinarily high pressure of

Central Asia during winter is to bo ascribed to these two
causes :—(1) the low temperature and excessive dryness of

the air of this extensive region ; and (2) ita relative

oroximity to the low pressure of the Atlantic to the north-

west, the low pressure of the Pacific to the north-east, and
the low pressure of the belt of calms to the soutL
Similarly, since in summer the temperature of air resting

over the Atlantic between Africa and the United States is

much lower than that of the land, the ascending currents

which arise from the heated lands of Africa, Europe, and

I
North and South America, as well as from the region of

calms immediately to the south, all of which are remark-
able for a low normal pressure, will on reaching the upper
regions of the atmosphere flow towards this part of the
Atlantic, because there, the temperature being lower and
the density of the air composing the lower strata being
greater, pressure in the upper regions is less. And, since

the siirface winds are constantly flowing outwards from
this region of abnormally high pressure, thus draining
away the air poured down upon it by the upper currents
which converge upon it, extreme saturation does not take
place, and the air consequently is relatively dry and cool,

rhat this view generally represents the movements of the
upper currents has been strongly confirmed within the last

few years by Professor Hildebrandsson and Clement Ley
in their researches into the upper currents of the atmosphere
based on observations of the cirrus cloud.

From these considerations it may be concluded that the
winds which prevail near the earth's surface are known
from the isobaric lines, fhe direction of the wind being
from regions where pressure is high towards regions where
it is low, in accordance with Buys Ballot's law ; and that
the upper currents may be inferred from the isobaric lines
taken reversely, together with the isothermal lines taken
directly. In other words, the regions of lowest pressure,
with their ascending currents and relatively higher pressure
at great heights as compared with surroun(£ng region^
point out the sources or fountains from which the upper
currents flow ; and the isothermals, by showing where on
account of the relatively low temperatures the greater
mass of the air is condensed in the lower strata of the
atmosphere and sea-level pressure consequently is high,
thus diminishing the pressure of the upper regions, point
out the regions towards and upon which these upper
currents of the atmosphere flow. The facts of the diurnal
oscillations of the barometer in the different regions
already discussed afford the strongest corroboration of these
views.

The term " monsoon " has long been applied to th<* pre-

vailing winds in southern Asia which blow approximately

from S.W. from April to October, and from N.R from

November to April The term is now, however, generally

applied to those winds connected with continents which

are of seasonal occurrence, or which occur regulany with

the periodical return of the season. Since they are caused

immediately by the different temperatures and pressures

which form marked features of the climates of continents'

in winter and summer respectively, they are most fully

developed round the coast of Asia, owing to the great

extent of that continent The monsoons of different parts

of the coasts of Asia differ widely in direction from each

other. Thus in winter and summer respectively they are

W.N.W. and E.N.E. at the mouth of the Amur, N. and
S.S.E. at Shanghai, N.R and S.W. at Rangoon, N. and

W.S.W. at Bombay, N.W. and S.W. at Jerusalem, and
S.S.W. and N.N.E. at Archangel The Indian winter

monsoon generally begins to break up in March, but it is

not till about the middle of May, when the normal pres-

sure has been decidedly diminished over the heated

interior, that the summer monsoon acquires its full so.-ength

and the heavy monsoonal rains fairly set in. In Ouiober,

when the temperature has fallen considerably and with

the falling temperature the pressure of the interior has risen,

the summer monsoon begins to break up, and this season

is marked by variable winds, calms, and destructive

hurricanea As the temperature continues to fall and
pressure to rise, the winter monsoon again resumes its

sway. 'Monsoons, equally with the trade-winds, play a

most important part in the economy of the globe. The
relatively great force and steadiness in the direction in

which they blow, and the periodical change in their direc-

tion, give facility of intercourse between different countries

;

and, besides, by the rainfall they bring they spread fertility

over extensive regions which otherwise would be barren

wastes.

The winds of Australia are also strictly monsoonal, but
owing to the small extent of that continent, and conse-

quently the smaller differences there are between the

normal pressure of the interior and that of the surrounding

coasts in summer and winter respectively, they are less

strongly marked than are the monsoons of southern Asia

,

and particularly they neither blow with the same force nor

so steadily from the same point of the compass. For the

same reason the Australian climates are characterized by
the occurrence of more frequent droughts than are the

climates of southern Asia, and the same remark applies to

the climates of southern Africa.

Since the Malay archipelago lies during the summer of

the northern hemisphere between the high pressure of

central Australia and the low pressure of Asia, and during
the winter between the high pressure of Asia and the low
pressure of central Australia, it follows that the winds of

these islands are eminently monsoonal in their character,

being in summer southerly and in winter northerly. The
result of this peculiar wind system of the archipelago is to

give to these islands a singular diversity of climates, which
wUl be more particularly referred to under rainfall.

At Zanzibar the prevailing wind in July is S.E., but in

January, when the low pressure of the interior is situated
much farther to southward, it i3 N.E. : and the same
influence is felt, though in a greatly modified degree, aa

far as Mauritius, where the S.E. trade changes nearly into

R during the summer. On the other side of Africa the
S.E. trade of the South Atlantic is changed into a S.W.
monsoon on the coast of the Gulf of Guinea.

In the southern, central, western, and northern regions
of North America the prevailing winds have a well-marked
monsoonal character. The prevailing winds of winter and
summer respectively «ra N.E. and S.S.E. at New Orieans,
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N.W. and S.W..in Utah, N. and S. at Fort Yuma
(California), E.S.E. and N.W. at Portland (Oregon), and

S. and E.N.E. at Fort York, Hudson Bay. These winds

are readily accounted for by the distribution of pressure

over the continent in winter and summer. On the Atlantic

seaboard of the United States the prevailing winds of

winter vary from N.W. in the New England States to W.
in South Carolina"; whereas in summer they vary generally

from S.S.W. in South Carolina to S.W. in the New Eng-

land States. Hence over the eastern States the summer
winds are not directed towards the low-pressure region of

the interior of the continent, but are determined by the

relations of their pressure to the high pressure of the

Atlantic to the eastward, and to the lower pressure over-

spreading the Atlantic to the N.E. This influence of the

Atlantic may be considered as felt westward through the

States as far as the Mississippi.

Though not so decidedly marked, the winds of Europe,

except the extreme south, are also monsoonal. In winter

they flow from the land towards the region of low pressure

in the north of the Atlantic ; but in summer the arrows,

representing the prevailing winds, show that all but the ex-

treme south of Europe is swept by westerly winds, which flow

in a vast continuous stream from the Atlantic towards the

central regions of the Old Continent, and which deposit in

their course the rains they have brought from the oceas.

Similarly, monsoons prevail on the coasts of Brazil,

Peru, North Africa, and many other regions which happen

to lie between other regions whose temperatures, and

therefore pressures, difier markedly from each other at

different times of the year.

These are the chief prevailing winds of the globe when
the differences of the normal atmospheric pressure are such

as to cause a decided and steady movement of the atmo-

sphere over a large portion of the earth's surface, resulting

in well-marked prevailing winds. But there are other

winds which are greatly influenced by local causes, such as

the nature of the ground, whether covered with vegetation

or bare ; the physical configuration of the surface, whether

level or mountainous ; and the vicinity of extensive sheets

of fresh or salt water. An important characteristic of

winds in their practical relations to climate is their

quality,—they being warm or cold, dry or moist, according

to their direction and the nature of the earth's surface

over which they have just passed. Thus in the northern

hemisphere southerly winds are warm and moist, while

northerly winds are cold and dry. In Europe south-

westerly winds are moist and easterly winds dry, while in

the New England States and Canada north-easterly winds

are cold and raw and north-westerly winds cold and dry.

In particular regions certain meteorological conditions

occur at stated seasons intensifying these effects, resulting

in excessive drought, heavy rains, intense or great heat,

thus giving rise to the following among other well-known

winds. The east winds of the British Islands occur chiefly

in spring, but also in a less degree in November, being in

the latter case often accompanied with fog. The winds

here referred to are dry and parching, and their deleterious

influence on the health is seen, not merely in the discomfort

and uneasiness they impart to the less robust of the popu-

lation, but also in the largely increased mortality which

they cause from consumption and all other diseases more

or less connected with the nervous system. In the

countries bordering on the north of the Atlantic, atmo-

spheric pressure reaches the annual maximum in May, and

it is above tb j average during the other two spring months.

In these months the normal pressure approaches nearer to

what obtains farther south, and an examination of daily

weather maps shows that this is due to the repeated

occurrence in spring of very liigh pressures in the north of

Kurope while pressures much lower prevail to southward.

Now these east winds are simply the outflow from these

regions of high pressure to northward. Northerly and even
westerly winds which are truly outflows from what may be
styled Arctic anticyclonic areas bring with them q-oalities as

noxious as those of the east wind itself, and prove as injuri-

ous to health and vegetation. The cold dry wind of April

29, 1868, which blasted and shrivelled up vegetation in Scot-

land, particularly in the western counties, as effectually as

if a scorching fire had passed across them, was a west wind.

Id the south of Europe, during the winter and early spring,

peculiarly dry, cold, and violent northerly winds are of occasional
occurrence. Of these winds the "mistral" is one of the most
notorious, which is a steady, violent, and cold north-west wind
blowing from central and eastern France down oh the Gulf of

Lyons. It is particularly trying while it lasts to invalids who are
spending the winter at the various popular sanataria which are
scattered along this part of the Mediterranean coast. The great
cold that took place in the north of Italy and south of France in

the beginning of 1868 was a good example of the mistral. The
meteorological conditions under which it occuned were unusually
low pressure over the Mediterranean to southward (29'450 inches),

whilst at the same time pressure rose steadily and rapidly on pro-

ceeding northward to 30 '905 inches in the north of Russia. From
this geographical distribution of the pressure, northerly winds swept
southwards over Europe, carrying with them the low temperatures
of the higher latitudes, and became still colder and drier on crossing

the Alps before they made the descent on the shores of the Mediter-
ranean. The cold tempestuous winds which descend from the Julian
Alps and sweep over the Adriatic, and the dreaded "gregale'' of

Malta, which is a dry cold north-east wind., are in their character

and origin quite analogous to the mistral.

The "northers," or " nortes," are peculiarly dry cold strongwindf
which repeatedly occur from September to March in the States

bordering on the Gulf of Mexico, and are perfectly analogous to the

mistral. The conditions under which they occur are a pressure

lower than usual to the south or south-east over the Gulf of Mexico,
together with a pressure even higher than the high normal which
is so marked a feature of the meteorology of the Rocky Mountains
during the colder months. 'When, as most frequently happens,

they occur in the wake of a storm, their disagreeable qualities ol

extreme dryness, cold, and violence are all intensified. From a

temperature of upwards of 80° experienced as the storm comes up
the thermometer rapidly falls to 18° or even lower ; and, as the low
temperature often occurs with a wind blowing with great violence,

the northers prove most deleterious. A violent wind with a tem-

perature of 18° is altogether unknown in the British Islands.

The *
' pampero " is a strong, dry, cold wind which blows across the

Earnpas of the River Plate of South America, occurring at all seasons,

ut most frequently during the spring and summer from October to

January. They are preceded by easterly winds, a falling pressure,

a rising temperature, and increased moisture. A pampero i.s de-

scribed by Dr D. Christison, and its appearance figured, in the

Journal of the Scottish Meteorological Society, vol. v. p. 342, las seen

advancing on the morning of November 28, 1867, in central

Uruguay. In the early morning the wind blew rather strongly

from north-east, and by and by clouds were seen moving very

slowly from the west, throwidg out long streamers eastwards. As
they advanced, two dense and perfectly regular cloud-masses

appeared in front, one behind the other, in cloje contact yet not

intermingling,—the one being of a uniform leaden grey, while the

other was as black as the smoke of a steamer. On arriving over-

head, the front, though slightly wavy in appearance, was seen to be

quite straight in its general direction, and the bands were of uniform

breadth. They rushed forward at great speed under the other

clouds without uniting with them, preserving their fonns unbroken,

being borne onward by an apparently irresistible force, as if com-

posed of some solid material rather than vapour. They extended

probably 50 miles in length, but as they took only a few minutes

to pass their breadth was not great, and they appeared to diminish

to mere lines in the distant horizon. At the instant the first cloud-

band arrived overhead, the wind chopped round from north-east to

north and then to south-west ; a strong cold blast at the same time

seemed to fall from the leaden cloud, and continued to blow till

both bands had passed. No rain or thunder occurred at this time,

but in the confused rabble of clouds which followed low thunder

continued to roll, and in a quarter of an hour rain fell, and for some

hours thereafter wind, rain, and thunder continued, but only to a

moderate degree. The low temperature and rising barometer and

change of wind are the constant and most striking characteristic*

of the pampero. On one occasion the temperature fell 44° in four-

teen hours, and on another occasion the fall was only 4°. Rain is

a usual accompaniment, but on rare occasions the pamfero passes off

and no rain falls.
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Rainfall.—Vili&teyeT tends to lower the temperature of

the air below the dew-point is a cause of rain. It is there-

fore to the -vvinds we must chiefly look for an explanation

of the rainfall, and the broad principles of the connexion

may be stated to be these five :-—(1) when the winds have

previously traversed a considerable extent of ocean, tho

rainfall is moderately large ; (2) if the winds advance at

the same time into colder regions, the rainfall is largely

increased, because the temperature is sooner reduced below

the point of saturation ; (3) if the winds, though arriving

from the ocean, have not traversed a considerable extent of

it, the rainfall is not large; (4) if the winds, even though

having traversed a large extent of o^ean, yet on arriving

at the land proceed into lower latitudes or regions markedly

warmer, the rainfall is small or nil
; (5) if a range of

mountains lies across the onward path of the winds, the

rainfall is largely increased on the side facing tho winds,

and reduced over the regions on the other side of the

range. The reason here is that, the air on the windward

side of the ridge being suddenly raised to a greater

height in crossmg the range, the temperature is further

reduced by mere expansion, and a more copious precipita-

tion is the result ; whereas on the leoward side as the air

descends to lower levels it becomes gradually drier, and

accordingly the rainfall rapidly diminishes with the

descent.

We have drawn attention to the diminished velocity of the wind
over land as compared with the open eea (p. 125). From this it

follows that an envelope of stiller air or air of less velocity than

that of the prevailing wind brooda over the land, and by its

presence forwa the prevailing wind to a greater height, thus tending

to increase the rainfall. If the foreshore rises within a few miles

to a height of 200 or 300 feet, the result is very striking when the

wind from the sea blows straight upon it. Thus at Spittal, near

Berwick, on September 1877, a N.E. wind blew straight ashore at

an estimated velocity of 25 miles an hour. To eastward the sky
was singularly clear down to the horizou, but tc westward all the

country beyond a mile from the shore was enveloped in what
appeared a dense mist or fog. About 15" to eastward of the zenith

of an observer on the shore, the thinnest rack of cloudlets wa3 seen

emerging without intermission from tho deep stainless blue of the

sky, which as they drifted landward increased so rapidly in volume
and density that the zenith was three-fourths covered with clouds.

A similar phenomenon was seen in September 1879 on board the
Orkney steamer at the magnificent cliu of Hoy Island, Orkney.
A heavy •torm had ja«t elnarud away, and a strong W.N. W. wind
was blowing right against the cliff. The sky was absolutely cloud-
less all round, except the upper 300 feet of Hoy Hill, 1570 feet high,
which was enveloped in a thick mist that stretched away to wind-
wanl, some distance to westward of the steamer's course, which
was about 2 miles from land. Tho western termination of the
cloud was the thinnest rack of clond, which emerged unceasingly
from the blue sky at a distance not less than i miles to wind-
ward of the cliff. The constituent parts of the cloud itself were in
rapid motioa eastward, but, owing to tho fresh accessions it was
constantly receiving, the cloud itself appeared stationary. Thus
the wind was forced upward into the atmosphere for some consider-
able distance to windward of the ridge lying across its path.

It is this dragging effect of the land on the wind, and the con-
sequences which result from it, tliat explain how it is that during
storms of wind and rain from the north-east the rainfall over tho
foreshores of the Firth of Forth, the Moray Firth, and the Pentland
Firth looking to the north-east is so much in excess as compared
with the rest of Scotland. The same principle explains the heavy
'aiafall in plains at some distance from the range of hills lying
across the wind's path and on the side of the rain-bringing winds.

For short internals of time the heaviest rainfalls occur
with tornadoes, waterspouts, and some other forms of the
whirlwind, the reason being that not only is there rapid
expansion due to the rapid ascent of the air, but also great
rarefaction is produced by the extreme velocity of the
aerial gyrations round the axis of the tornado. On August
1, 1846, 3-12 inches of rain /ell at Camberwell, London,
in two hours and seventeen minutes. Of heavy falls

may be mentioned 4-60 inches in London, April 13,
1878; 6-00 inches at Tongue, September 7, 1870; 536
inches in Monmouthshire, July 14, 1875; 6-62 inches at

Seathwaite, Cumberland, November 27, 1848; and 7-12

inches at Drishaig, Argyllshire, December 7 to 8, 1863.

But it is in lower latitudes that the heaviest single showera

have been recorded. The following are among the most

remarkable :—at Joyeuse, France, 31-17 inches in twenty-

two hours; at Genoa, 3000 inches in twenty-four hours; at

Gibraltar, 3300 inches in twenty-six hours; on the hills above

Bombay, 24 00 inches in one night; and on the Khasi

Hill-s, India, 3000 inches on each of five successive days.

As regards the ocean, there are no available data from

which an estimate could be formed as to the amount

of the rainfall, since the rainfall statistics of the ocean

must be regarded as giving hardly anything more than

the comparative frequency of the falL It is, however,

certain that the equatorial belt of calms in the Atlantic

and Pacific between the trades is the region where the ocean

rainfall reaches the maximum, and the parts of these

oceans are the rainiest which are the longest within the

belt of calms as it shifts its position northward and south-

ward with season. Vhile the cloud-screen is undoubtedly

dense, and the rainfall frequent and heavy, the careful

observations of the "Challenger" and "Novara" show

that the statements generally made as to these points are

greatly exaggerated.

In the regions of tne trades the rainfall ia everywhere

small over the open sea, seeing that the trade-winds are

essentially an outflow from anticyclonic regions, and their

original dryness is to a large extent maintained because

their course is directed into regions which become con-

stantly warmer. Thus at Ascension, lat. 8° 45' S., which

ia throughout the whole year within the S.E. trades, the

mean rainfall for the two years 1854—55 was only 885
inches. At St Helena, which lies constantly within the

same trades, five years give a mean rainfall of 535 inches

on the coast; but in the same island at a height of 1763

feet the annual amount rises to 23'98 inches. Maiden

Island and some other islands in the Pacific, about long.

150° W., and for some distance on each side of the equator,

have been pointed to by Scott as practically almost rain-

less, as is shown by their containing extensive guano

deposits. These islands are situated somewhat similarly

to Ascension with respect to the zone of calms. Id

Mauritius the annual rainfall on a mean of four years

was 30 inches at Gros Cailloux, but at Cluny, only 16

miles distant, for the same four years it was 1 46 inches
;

in regard to which Meldrum remarks that at Cluny, which

is in the vicinity of mountains and f jrests, in the south-

east of the island, and thus directly exposed to the trade-

wind as it arrives from the sea, the rainfall in almost any

month is from four to six times greater than at Gros
Cailloux on the north-west coast, where neither mountain
nor forest exists, and where the S.E. trade arrives con-

siderably drained of its moisture.

From what has been said it is evident that the heaviest

rains will be brought by the winds which have traverser'

the greatest extent of ocean within the tropics, and whicl
accordingly of all ocean winds have the highest temperature
and humidity. These conditions are most completely
fulfilled during the summer months of the northen
hemisphere by the winds which, commencing from near
lat. 30° S., blow home on southern Asia as the well-known
S.W. monsoon of these regions. Accordingly it is by the

winds of this monsoon that a larger rainfall is distributed

over a larger portion of the earth's surface than occurs

anywhere else in any season; and this large rainfall is

in many regions still farther greatly increased by the
mountain ranges which lie across the path of the rain-

bringing winds.

It is on these winds that the rainfall of India chiefly

depends. Along the whole of the west coast from the
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Gulf of Cambay southward, and on the Western Ghats,

the rainfall is excessive. The following are some of the

more interesting annual means in inches beginning with

Bombay and proceeding southwards :—Bombay, 74

;

Matheram, 247 ; Mahabaleshwar, 252 ; Ratnagiri, 104

;

Baura, 255; Goa, 102; Karwar, 115; Honawar, 139;
Mangalore, 134; Cannanore, 132; Calicut, 116; and
Cochin, 114. In the west of Ceylon the rainfall is also

heavy, being at Colombo 87, at Galle 91, and at

Ratnapura, at some distance inland among the hills, 149.

Since the S.W. monsoon is drained of much of its

moisture in crossing these mountains, a greatly diminished

rainfall is distributed OYer the interior and east side of

India, and on the eastern slopes of Ceylon.

If now we cross to the eastern shores of the Bay of

Bengal, we again encounter an excessive rainfall along these

coasts and up the slopes of the mountains looking down on

them. Thus from south northward the following are

among the more characteristic rainfalls in inches :

—

Nancowry, 102; Port Blair, 116; Mergui, 152; Tavoy,

196; Maulmain, 189; Rangoon, 100; Bassein, 98;
Sandoway, 212; Akyab, 198; and Chittagong 104. On
the other hand, at Thyetmio, inland on the Irawadi, fhe

annual rainfaU is only 48 inches.

We have shown how, in accordance with the peculiar

distribution of pressure in India in summer, the monsoon

is diverted up the valley of the Ganges as an E.S.E. wind,

distributing on its way, even to the head of the valley, in

a generous rainfall the moisture it has brought from the

Indian Ocean and the Bay of Bengal The rainfaU does

not extend farther westward than the basin of the Ganges,

and the precipitation is most copious along the lower

Himalaya!;, the largest falls being recorded at heights

about 4000 feet,—being, as pointed out by Hill, near the

level at which the summer monsoon is cooled just below

its dew-point. The following are some of the larger rain-

falls in inches, beginning with the more western:—Mus-

sooree, 95 ; Naini Tal, 92 ; Khatmandu, 57 ; Darjiling,

121 ; Kurseong, 154; Buxa, 219 ; Kuch Behar, 131.

The rainfaU is very large in the north-east angle of the

Bay of Bengal and thence northwards towards Bhutan, or

at the angle where the summer monsoon from the bay

curves round to a westerly course on its way up the

Ganges. Thus at Noakhally, on the coast, it amounts in

inches to 109 ; at Tura, on the Brahmaputra, immediately

i/i west of the Garo Hills, 129 ; at Silchar and SyUiet to

eastward, 117 and 155; whikt at Cherra>punji, on the

Khasi HiUs, it rises to 493'19 inches on a mean of twenty-

four years. This last rainfall is the largest known on the

globe, the causes of which are the highly saturated state

of the monsoon on its arrival at the lower Ganges, the

high mountain range of Burmah to eastward of Bengal,

which turns the monsoon to the north, and the protrusion

westwards of the Khasi and Garo Hills so as to Lie in the

line of that branch of the monsoon which passes from the

lower Ganges into the basin of the Brahmaputra above

Goalpara. The consequence is that the highly saturated

air of the nionsooi} in its passage across the Khasi Hills is

suddenly raised to a height of about 6000 feet, and being

thereby reduced far below the point of saturation the

superabundant moisture is j^recipitated in unequalled

deluges of rain. The amount of the annual rainfall at all

these places is determined, essentially if not altogether, by

the rains of the summer monsoon, the relative intensity of

which over India may be taken to be fairly represented by^

the rainfall of July.

The rains which accompany the N.E.' monsoon of the

winter months may be represented by the rainfall for

January. These are heaviest in Ceylon, especially on its

east slopes, and in southern India, or where the N.E.

monsoon arrives after having traversed a large extent of
ocean. The fall for the month exceeds 6 inches over a
large portion of the east coast, whilst at Colombo in the
west the rainfall is only half that amount, and farther north
at Pattalum the January rainfall is only 1"82 inches. In
southern India the amount varies from about 1 to 2 inches.

Blanford pointed out in 1873 {Phil. Trans., vol. clxiv. p.

618) that, while the surface winds of northern India in win-
ter are northerly, on the Himalayas, especially the north-

west portion, southerlywinds prevail during the cold months.
It is these upper southerly winds which bring the winter
rains to the Punjab, Upper India, and the highlands of

Assam. It is further to be noted that winter rains also

occur in Central India, where the prevaOing surface winds
are from east and north-east. The mean rainfall of January
at Mussooree is 200 inches and at Naini Tal 2-86 inches,

and in Assam, at Sibsagar, 1'13 inch. Over a large tract

of the east side of southern India from Nellore southward,

including Ceylon, the maximum rainfaU for the year occurs

in the months of October and November.

Rainfall of the Malay Archipelago and Australia.—Under the
direction of the late Dr Bergsma, systematic observations of the
rainfall of the Malay arcTiipelago were bemin in 1879, the number
of stations being 150. The results of the first three years show that
the mean annual rainfaU over the archipelago varies from about 60
inches in Timor to upwards of 200 inches at some spots among the
western slopes of Sumatra. But the most important feature in the
rainfaU in its relations to climate is not the absolute amount that
falls annuaUy, but rather the manner of its distribution through
the months of the year. Over the greater number of the islands

rain falls copiously every month; but as regards some of the islands

the year is divided into dry and wet seasons as marked as are seen
in the climates of India. The key to this essential difference among
the climates is the distribution of atmospheric pressure during the
months of the year from south-eastern Asia to Australia, with the
resulting prevailing winds. During the winter months atmospheric
pressure is high in south-eastern Asia and low in the interior of

Australia, the difference being about three-quarters of an inch.

Since- between these two regions the faU in the mean pressure is

practicaUy uninterrupted, the Malay archipelago lying between
them is swept by northerly winds (fig. 14). . As these winds have
traversed a great breadth of ocean in their course, they arrive in a

highly saturated state, and consequently deposit a copious rainfaU,

particularly on the northern slopes of the higher islands. Hence
in these months the rainfaU over the islands without exception is

large, the mean monthly amount being in many cases more than 30
inches. These winds continue their course to southward towards the

low-pressure region in the interior of Australia, and deposit along the

north coasts of that continent a monthly rainfall rising generally

to from 14 to 20 inches. On advancing into the interior, the mean
amount graduaUy diminishes at the successive telegraphic stations

to 3"50 inches at Alice Springs near the tropic of Capricorn. The
amount of the rainfaU for any particular year, and the distance from

the coast to which the rains penetrate inland, depend essentially on
the height of the winter pressure of south-eastern Asia as compared

with the low mean pressure of central Australia, by which the

strength of the northerly monsoon is regulated.

On the other hand, during the summer of the northern hemisphere

pressure is high in the interior of Australia and low in China, the

mean difference being about half an inch. Between the two regions

the faU in the mean pressure is continuous and uninterrupted, and

as a consequence southerly winds prevaU over the intervening archi-

Eelago. These winds, as they advance from the continent into lower

ititudes, are absolutely rafnless in the north of Australia, and over

Timor and the other Malay islands which are separated from

Australia only by a comparatively narrow belt of sea. during the

three years no rain whatever fell in Timor in July and A igust, and

the faU in June, September, and October was smaU. As, however,

the winds pursue their course to northward, they -agerly Uck up

moisture from the sea, so that by the time they arrive at Amboyna
they have become so saturated that the monthly rainfall there rises

to nearly 30 inches. Again at some distance to the west of Timor

rain falls more or less regularly every month, the amount increas-

ing in proportion to the extent of ocean traversed by the S.E.

winds, which advance towards thece islands from the direction o£

Australia. These marked differences among the climates of the

Malay archipelago, which, since they really depppd on the geo-

graphical distribution of land and sea of this part of the globe, must

be regarded as permanent differences, have played no inconspicuous

part in the singular distribution of animal and vegetable life Which

characterizes the archipelago.



152 METEOROLOGY [rainfall.

In Jaly the p«T»iUng wind in West Australia ia N.W., and the

rainfall reaches the maximnm for the year, whereas in January the

>nnd is S.E., and the rainfall is the minimi-m. Similarly in

January since the winds of the southern half of South Australia and

Victoria are from the south, and thus blow towards warmer regions,

the rainfall is either at the annual minimum, or it is small. But

on rounding the coast and proceeding northward, the wind becomes

E., then if.E., and ultimately N. in the north of Queensland.

With this pri^valence of oceanic and equatorial winds, the rainfall

at this time of the year rapidly rises over the whole of the eastern

dopes, till at Cape York U is about 20 inches. In the basins of the

Murray and Darling rivers, which are shut ofif from the ca-st by the

mountain ranges of Ifew South Wales, the rainfall is only about an

inch and a half. On the other hand, to south of the latitude of

Sydney, includingTosmania, thema.\imum rainfall occurs in winter

over those regions which slope south towards the sea. On crossing

the mountain range of Victoria into the basin of the Murray river,

the rainfall rapidly diminishes. In the north of New Zealand the

winter rainfall is the heavic:-., ; but farther south, where westerly

winds prevail with some steadiness through the year, the rainfall is

more equally distributed through the months ; . :id, as the prevailing

winds o*e westerly, the heaviest rainfall is in the west of the islnnds.

Thu= ' f okitika in the west near sea-level, and not far from « lofty

range ot mountains to the east, the annual amount readies 120

inches, and at Bealey inland at a height of 2104 feet ii is 100

inches. At Wellington the annual rainfall is 62 inches, at

Southland
•howin

46, at Dunedin 34, and at Christchurch 25, thus

the rainfall of the two sides of the island, extremes

nearly as great as in Scotland.

Ram/all of Europe.—As regards rainfall, Europe may be

conveniently divided into two cDstinct regions,—western and

northern Europe, extending in a modilied degree through

the interior of the continent into Siberia, and the countries

bordering on the Mediterranecn. A vast ocean on the one

hand, a great continent on the other, and a predominance

of westerly winds are the determining circumstances in the

distribution of the rainfall over western Europe. Hence

the rainiest regions are to be found in the west, where

mountain ranges stretch north and south. _ The annual

rainfall exceeds 80 inches over a considerable district,

including the greater part of Skye and portions of the

counties of Inverness and Argyll to the south-east, in the

lake district of England, and in the more mountainous

parts of North Wales,—these three districts being the

wettest in Europe. As Ireland presents no continuous

range of mountains opposing the westerly winds of the

Atlantic, no Irisi rain-gauge shows a mean rainfall of 80
inches. A point of some interest is suggested by the rain-

fall of the counties of Kirkcudbright and Dumfries in

Scotland. These counties offer to the westerly winds a

series of valleys sloping south to the Solway Firth, which
show successively a diminished rainfall on advancing east-

ward till at several places in Nithsdale and Annandale it

does not exceed 40 inches. But in EskdaJe, farther to the

east, the rainfall instead of falling increases to about 60
inches. The reason is that the westerly winds are

obstructed in their onward course by the range of hills by
which Eskdale is bounded on the east, in surmounting
which the winds are much reduced in temperature, and their

superabundant moisture falls in copious rains immediately
to westward of the ridge. The cause of the larger rainfall

of Eskdale is thus analogous to that of the large rainfall

of the coast in the north-oast of the Bay of Bengal
immediately under the Asssam range of mountains. In
England the largest annual rainfall is 146 inches at Sea-

thwaito in the Lake district, in Scotland 128 inches at

Qlencroe in Argyll, whilst in Ireland the largest is only

76 inches. The driest part of the British Islands is an
extensive distnct to *outh-south-west of the Wash, with a
rainfall of about 21 inches. A large extent of England,
and all the more important agricultural districts in Scotland,

have a rainfall under 30 inches : the greater part of

England, and nearly the half of Scotland, have a rainfall not
exceeding 40 inches ; but in Ireland it is isolated patches
only that ahow a rainfall less than 40 inches.

In the west of Norway the rainfall in inches .s 72 at

Bergen, 51 at Aalesund, 46 at the Naze and in the Lofoten

Isles, falling to 10 at the North Cape. At Christiania,

Upsala> and a large part of the east of Scandinavia the

rainfall is about 21 inches, falling to 16 inches on the

north coast of the Gulf of Bothnia. In Russia and Siberia

it rises only at a few places to 20 inches, several districts

of this extensive region having an anniial rainfall of 10, 5,

3, or even 2 inches. The rainfall of Spain presents great

extremes—from 68 inches at Santiago to 13 inches at

Saragossa. In France and the plains of Germany the

average varies from 35 to 20 inches, but in mountainous

regions these figures are greatly exceeded, rising through

all gradations to upwards of 100 inches at some points in

the Alps.

An important distinction between the manner of distri-

bution of the rainfall in the west of Europe and at more

inland places is that the greater part of the annual quantity

of the west falls in winter, whilst in the interior the

amount in summer is greater than in winter. The rainfall

of January and July shows this in a very forcible

manner. The summer climates of the extreme south

of Europe and North Africa are rainless, and over exten-

sive regions in the south of Europe adjoining the July

rainfall does not amount to an inch. Over these dry

regions the prevailing winds of summer are northerly, and

hence the drought which characterizes them. On the other

hand, the rainfall in the interior of the continent is large.

In January the maximum rainfall occurs on the mountains

and high grounds overlooking the Atlantic, and the

minimum on the plains of Russia-

Owing to the way in which Europe is broken up by the

seas which diversify its surface, the time of the year whea
the rain attains the maximum differs greatly in, different

regions. This phase of the rainfall occurs, indeed, accord-

ing to locality, in all months except February, March, and
April. The month of occurrence of the annual maximum
rainfall over Europe is shown by fig. 18. A similar map

Fio. 18.—Showing Month of Maximum Rainfall in Europe.

representing the month of least rainfaU shows still greater
uniformity in a regular succession of the months in passing
from region to region. Thus the month of least rainfall ia

January on the lower Volga, February in western Russia and
the greater part of central Europe, March in the north ot

France and south of Great Britain, April farther to the north.
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May in Scotland north of the Grampians, June m Orkney,

Shetlani, Iceland, the west o* Ireland, and the north-west

of France, and July over the whole of the south o^ Europe.

The driest month occurs nowhere in Europe in any of the

five months from August to December.

Rainfall of Korth America.—West of the Rocky Mountains the

rainfall i3 very unequally distributed, the annual amounts varying

from 86 inoliea u.t Astoria, near the mouth of the Columbia nver,

to 8 incJiea at San Diego on the coast, and 3 inches ut the head of

' ihe G'jlf of California. Over the wholt; of the region bttween the

^"asrada and Rocky Mountains the rainfall at all seasons is extremely

small, this being indeed that featare in the climate to which the

formation of the caBons of that region is chiefly to be referred. On
the othe' hand, in the United States and Canada to east of long. J 00°

W. the disting-iishing feature of the rainfall is the comparative

s>iQablenees o'^ its distribution, an annual rainfall exceeding 60
inches occurring only over restricted districts, and a rainfall as low

as 20 inches being scarcely met with anywhere. The regions where

the rainfall exceeds 60 inches are Florida, the lower basin of the

Mississippi, an I ti p A'lantic seaboards of Kova Scotia and Mrtr-

foundlsnd.

In January the annual maximum rainfall occurs over the wnole
of the west coast from Sitka to lower California; but in the

interior between long. 120° and 95° W. the amount is everywhere

•mall, and over a considerable part in the south-west of this region

no rain fafis. Thi region of largest rainfall extends from Louisiana

to West Virginia, where the mean varies from 4 to 6 inches. Over
nearly the woole of the Dominion of Canada, by much the greater

part of the winter precipitation is in the form of snow, which has

been carefully measured and recorded by the Meteorological Ser-

vice. The average snowfall for January exceeds 30 inches at St

John's, Newfoundland, in Anticosti, Pnncd Edward Island, and
in many other regions.

In July the rainfall is everywhere small in the west, a large

part of this extensive region being absolutely rainless. The
remarkable dryness of the climate at this season is dne to the N. W.
winds that set in towards the low pressure of the interior, which
thus blow towards warmer regions. The rainfall to the east of the

Rocky Mountains is distributed by the winds which are connected
with the low-pressure region of the interior and with the high-
pressure region of the Atlantic. The result is two regibns of larger

rainfall, the one in the south-east of the States and the other to the

west of the lakes. The summer winds of the south-eastern coasts are

southerly, and as they are anticyclonio in their origin and have in

their course traversed some extent of ocean, they arrive well- but not
super-saturated, and pour down a rainfall in July of 6 inches and
upwards along the coasts and for some distance inland from Louisi-

ana to Chesapeake Bay. Further, since in July these winds attain

their maximum force and persistency, the rainfall at the same
time reaches the maximum along the whole coast from Boston to

some distance west of New Orleans. Since the summer winds blow
in the line of the Alleghany mountains and not across them, the
rainfall diminishes in ascending their slopes. The comparative
equableness of the rainfall over the eastern States is the necessary
rebult of the vrinda' passing into higher latitudes, and, therefore,

sooler regions. A broad region where the rainfall is less than on
;ach side of it, extehds from Michigan to the south-west as far as

Canadian River. To the west of the lakes the rainfall rises above
t inches, and, since over this region :he winds became somewhat
easterly as they flow towards the low-pressure area, it is probable
that the larger rainfall of this prairie region has its origin in no
small degree in the evaporation of the lakes. On ascending the
higher reaches of the Mississippi, the amount diminishes, but
scarcely falls lower than 2 inches, being thus analogous to the
summer rains of the Upper Ganges. On crossing the water-parting
into the basin which drains into Hudson Bay, we encounter E. and
N E. winds laden with vapour licKed up in their passage over Hud-
son's Baj, which they distribute in a generous rainfall of probably
3 to 6 inches over the rising colop'^s of Manitoba and Saskat-
chewan. An important point in the climate of the States is that
over nearly me whole of the extensive region stretching between
Alleghaniea and Rocky Mountains, except the south coast already
referred to, the annual maximum rainfall does not occur in summer
but in spring, the month of largest rainfall in the great majority
of cases being May. In the basin of Hudson's Bay July is the
month of largest rainfall.

Rainfall of Central and South Arrwrica.—The following are, in

Inches, the larger and more interesting annual rainfalls round the
coasts:—Vera Cruz, 182; Belize, 75; Maracaibo, 163; Caracas,

166; Georgetown, 95; Paramaribo, 142; Cayenne, 140; Para, 71;
Peruambu:o, 109; Buenos Ayres, 34; Bahia Blanca, 19; Puerto
Montt, 1112; Valdivia, 109; Valparaiso, 100; Serena, 93; Lima,
9 ; and a large part of Peru, nil A remarkable feature of the
rainfall of South America is the large amounts that fall in the
hasins of the Orinoco and Amazon ; the fall is 91 inches in the

upper basin of the Madeira, and 112 inches at Ycjuitos (lat. 3" 4ff
S., long. 72" 67' W.). • The reason is that this immense region,
where pressure appears to be almost constantly low, is open to the
highly saturated winds that blow from the equatorial Atlantic
Quite different is the distribution of the rainfall over the La
Plata basin. The annual falls, in inches, are 92 at Joinville, 58
at Corrientes, 44 at Monte Video, 39^ at Parana, 24 at Santiago,
22 at San Luis, and only 6 at Mendoza. The fall rapidly rises in
ascending the eastern slopes of the Brazil mountains facing the
South Atlantic ; thus, while the amount at Rio Janeiro is 46
inches, on the hills to northward it is 116 inches.

In January northerly winds prevail on the south coasts of the
Gulf of Mexico aud the Caribbean Sea, and as they have their
origin in the high pressure of the American continent, and in
crossing the sea pass into lower latitudes, the January rainfall of
these coasts is comparatively small. In July, however, the prevail-
ing winds are easterly, and as they have traversed a large.extent ol
the equatorial waters of the Atlantic they are highly saturated,
and consequently the July rainfall of these coasts is everywhere
very large. The following are, in inches, the January and July
rainfalls ;—Cardcas, I'OO and 14'04 ; Guatemala, 028 and 10'79;
Vera Cruz, 5-10 and 36-90. The seasonal distribution of the
rainfall in the basin of the Amazon is the reverse of this. In
January the position of the belt of calms is about lat. 3° N., and
as pressure is relatively low over the basin of the Amazon,
especially its southern slopes, the trades and the west portion of
the region of calms unitedly spread their highly saturated air over
the whole region as far as the Andes, resulting in one of the most
widespread heavy raicTalls anywhere to be met with. On the
other hand, since in j„y the belt of calAs 6 about lat 10° N.,
the saturated atmosphere of the tropical regions no longer flows up
the Amazon, but is carried westward into the Caribbean Seaand Guu
of Mexico. Hence at this season the rainfall of the Amazon vaJIey
is small The following are, in inches, the January and July
falls:—Para, 6'61 and 3-26; Manaos, 733 and 1-82; upper
Madeira, 16-90 and 0-30 ; and Yquitos, 10-24 and 4-26. On the
La Plata in January pressure is low, and as winds consequently
blow from the ocean in upon the region of low pressure the rainfall

is large ; but as pressure is high in the interior in July the rainfall

in that month is small. The following are, in inches, the January
and July rainfalls :—Buenos Ayres, 2-37 and 1-70; Parana, 4-63

and 1-32; Corrientes, 524 and 2 67; Joinville, 14-26 and 8-65;
and San Luis, 2 63 and 0-00.

Rainfall of Africa. —As regards the rainfall, Africa presents the
greatest diversity in its climates. The following are the annual
amounts in inches at various points on or near the coast :—Port
Said, 2; Alexandria, 8; Tunis, 12; Algiers ?1; Oran, 17; Mogador,
60; mouth of the Senegal, 17, Goree, 21; Sierra Leone, 126;
Christiansborg, 23; St Thomas, 40; Gaboon, 106; Loanda, 11;
Cape Town, 23; Mossel Bay, 12; Port Elizabeth, 24; Durban, 43;
SJanzibar, 68; and mouth of the Zambezi, 61. In the north of tie
continent, the rainfall rapidly diminishes inland, and over the great
desert of Sahara practically none falls. In the interior of Algiers
it diminishes, the amount at Laghouat being 17 inches, and at

Biskra 9. In Egypt the rainfall is limited to a narrow strip along
the coast ; at Cairo the annual fall scarcely amounts to an inch.
The January and July rainfalls are, in inches, as follows :—Port
Said, 0-46 and 0-00; Alexandria, 1 95 and 0-20; Algiers, 4 43 ajvi

0-04; Biskra, 0-66 and 0-03; St Louis (Senegal*, 28 and 30»;
Goree, 0-00 and 4-06 ; Sierra Leone. 69 and 24-20; Christiansborg,
0-50 and 200; Katunga, Oil aud 476; Gaboon, 9 36 and 0-48;

Cane Town, 0-28 and 383; Durban, 600 and 1 70; Pretoria, 607
and 0-71; and Zanzibar, 2 02 and 2-36. At Zanribar the heaviest
rains occur about the equinoxes, the mean for April being 14 SS
inches, and for October 6 80 inches.

In the case of this, as the other continents, the explanation of the
diiferent amounts is to be had in the seasonal changes of wind. In
the north the winter rains are to a very large extent the accom-
paniment of the Mediterranean storms of that season, but in summer
pressure is diminished in the interior and increased in the Atlantic

to the north-west, resulting in strong steady northerly winds, which
as they advance into hotter regions are unaccompanied with rain.

The heavy summer rains from Senegambia to the Gold Coast are

due to the stro'ig monsoonal winds which set in towards the

interior, thus drawing over these coasts the highly saturated air of

the belt of calms and of the trr;des immediately to the north and
south of it. Since in winter the belt of calms is removed 8° of

latitude farther to the south, and the temperature of the interior is

greatly reduced, it follows that the winds blowing on these coasts

from the sea are drier and less strongs and consequently the rainfall

is small. At Sierre Leone the absolutely driest month is February,

0-31 inch, and the wettest September, 29 15 inches. On theothef

hand, at Gaboon (lat. 0°25'N.)the dry season is from June to

Auga«»t, whea the belt of calms is farthest to the north ; and the

absolutely rainiest about the equinoxes, the mean of March being

14-70 inches and October 19-52 inches. At Loanda (lat 8° 49' S.)

the annual amount is only a tenth of what falls at Gaboon, and it
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blls wholly dnnng the enmmer montht oi the fconthern hemieiphere.

Id South A/rica prfhsure in January is lowest in the interior,

towards which prevailing winds from the ocean blow, and as these

drance into regions becoming rapidly hotter the rainfall all round

the coast and for some distance iolana falls to the annual minimum.

Bat in more strictly inland districts which are at a considerable

leratiju the rainfall reaches the maximum at the same season.

Thos the atnounts in inches for January and July are—for Pretoria,

6-07 and u71: Mariuburg, 423 and 0-21; Grahams Town, 2 89

and \i\; Lower Nel's Poort, 133 and 49; and Aliwal North,

I iS and 00. In the winter months pressure in the interior is

high, and the rainfall conseguently small. Though on the coast

•inds from the arid interior froqacntly prevail, yet the storms that

weep eastward past South Africa prsciuitate over large portions of

the southern slopes of this part of the globe what must in the main

be regarded as a geiiorons rainfall It follows that the climates of

these importaut colonies range themselves into two perfectly dis-

tinct classes, —the climates of the inland regions and the Natal

coast, where the rains occur during the hottest months, and the

climates of the other regions, where the annual rains occur during

the coldest months. Little is accurately known regarding the rain-

tall of th^ interior of Africa. It is certain, however, that it is

nnnll, or nil, over the extensive region of the Sahara, and that it

b large from about 16° N. laL to some distance sooth of the

eqnator. Probably the rainiest part of Africa is the region extend-

ing from the Victoria Nyanza northwards to and inclnding the

gathering grounds of the two great tributaries of the Nile.

Snoie.—Snow takes the place of rain when the tempera-

ture is suflSciently low to freeze the condensed moisture in

the atmosphere. Snow is composed of crystals, either six-

pointed stars or hexagonal plates, which exhibit the

greatest variety of beautiful forms, one thousand dif-

ferent kinds having been observed. These niunerous forms

Scoresby reduced to five principal varieties :—(1) thin

plates, comprising several hundred forms of the most ex-

quisite beauty
; (2) a nucleus or plane figure, studded with

needle-shaped crystals
; (3) six-sided, more rarely three-sided,

crystals
; (-1) pyramids of six sides

; (5) prismatic crystals,

having at the ends and middle thin plates perpendicular

to their length. In the same snowfall the forms of the

crystals are generally similar. The flakes vary from 0'07

inch to an inch in diameter, the smallest occurring with

)ow temperatures and the largest when the temperature

approaches 32°. If the temperature is a little higher, the

6now-flakes are partially thawed in falling through it, and

tall as sleet. The white colour of snow is caused by the

combination of the different prismatic colours of the minute

anow-crystals. The density of snow is far from uniform
;

it is generally from ten to twelve times lighter than an

equal bulk of water, but varies from eight to siarteen

times bghter than water.

The limit of the fall of snow near sea-level coincides

roughly with the winter isothermal of 52°, since in places

where the mean winter temperature is no higher than 52°

that of the air falls occasionally to 32° or lower during the

winter months. As regards Europe, the southern limit is

about Gibraltar, in North America it is Savannah, New
Orleans, the mouth of the Rio Grande, the ^ead of the Gulf

of California, and San Francisco. In Europe, north of lat.

60°, snow falls generally on an average of from 80 to 110
days in the year. At Dpsala the number of days is 61,

at Warsaw 45, Aberdeen 42, Oxford 18, Ostend 15, Brus-

sels 27, Tarum (in the south-west of Jutlaod) 12, Copen-

hagen 23, Vienna 33, Odessa 19, Sebastopol 12, Milan

11, Trieste 6, Saragoasa 6, Madrid 3, and Lisbon 1.

In Greenland the nirmber of days exceeds 80, and this

figure is nearly reached in Newfoundland and the north-

east seaboard of Nova Scotia. At Quebec the mean days

of enow are CG, Halifax 64, Winnipeg 54, Detroit 34,

€!ape Henry 13, St Louis 11, mouth of the Columbia
Biver 7, and Charleston 2. In Russia the time of the

year when enow falls most frequently b December and
January, except iu the south of the empire, where February

is the month of the most frequent occurrence of snow.

Bat to the north of a line drawn from the entrance of the

Gulf of Finland through Warsaw, Cracow, Salzburg, and

Santiago March is the month of maximum occurrboce m
the great majority of instances ; while to the south of this

line it is January and in several cases December.

The largest falls of snow occur in the Antarctic regions,

as is well attested by the magnificent icebergs of solidified

snow which break off all round from the lofty walls of ice

that engirdle the Southern Ocean. Excepting perhaps in the

Dominion of Canada, no data have been anywhere collected

from which even a rough estimate could be formed as to

the mean annual amount of snow that falls m different

parts of the globe.

Snow-Line.—Th^ snow-Une marks the height below

which all the snow that falls annually melts during summer.

No general rule can be stated for this height in different

climates owing to the many causes determining it. These

are the exposure of mountain slope to the sun (and hence,

other things being the same, it is higher on the south than

on the north sides of mounxains), exposure to the rain-

bringing winds, the steepness of the mountains, and the

degree of dryness of the air. Hence the position of the

snow-line can be known by observation only. It falls only

little on either side of the equator to lat. 20° ; from lat.

20° to 70° it falls equably, but from lat. 70° to 78° much

more rapidly. To this general rule there are many excep-

tions. It IS 4000 feet higher on the north than the south

side of the Himalayas, owing to the larger snowfall on tlie

south, and the greater dryness of the climate of the north

side, and therefore the greater evaporation from the snow

there. It is higher in the interior of continents than near

the coasts, because the precipitation is less and summer heat

greater. In the Caucasus it is 11,063 feet high, but only

8950 in the Pyrenees. In South America it rises from the

equator to lat. 18°, and more on the west than' on the east

slopes of the Cordilleras, owing to the large precipitation on

the east and small precipitation and arid clLmate of the wrst

side of that chain of mountains. It is as high in lat. 33'

S. as in 19° N., but south of that latitude it rapidly sinks

owing to the heavy rains brought by the. moist N.W.
winds of these regions. In the south of Chili it is 3000
feet lower than in the same latitudes in Europe, and 6000

feet lower than in the extremely arid climates of the Rocky
Mountains.

Storms.—II weatner enarts representing a large part vi

the northern hemisphere be examined, two distinct systems

of pressure are seen which change their forms and positions

on the earth's surface from day to day. The one set are

systems of low pressure marked off by concentric isobars

enclosing pressures successively lower till the centre is

approached ; and the other systems of high pressure

marked off by concentric isobars enclosing pressures becom-

ing successively higher towards the centre. The former of

these are caUed cyclones, and the latter anticyclones. These

areas of low pressure are the distinguishing characteristics

of the hurricanes and typhoons of tropical regions, and of

the ordinary storms of higher latitudes, and they may al)

be conveni»Titly grouped under the general name of cyclones.

Fig. 19 bbows a storm which was passing across north-

western Europe on the morning of November 2, 1863, and

it may be taken as fairly representing the general features

of cyclones. In the figure the arrows fly with the wind,

and the force of the wind is indicated by the number of

feathers on the arrows.

It vrill be seen that the winds indicate, not a circulai

movement round the centre of lowest pressure, but a

vorticose motion inwards upon that centre, the motion
being opposite to that of watch-hands. In other words,

the wind follows Buys Ballot's law, already explained.

The winds are strongest whore the isobars are closest

together ; or they are generally proportioned to t^e " baro-
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metric gradient,"—a term introduced by Stevenson in
18G7. Cyclones have diameters seldom less than 600, and
they occasionally exceed 3000 miles; the cyclone of fig. 19
had a diameter of about 1200 miles. The cyclones of

the Mediterranean are

usually of smaller dimen-
sions than those of north-

western Europe and
America. The rates at

which cyclones advance
over the earth's surface

vary greatly, the average

in America being 24
miles an hour, in the

Atlantic 20 miles, and
in Europe 26 miles. A
rate as high as 70 miles

an hour has occurred in

the British Islands

;

sometimes they remain

stationary, and more
rarely their course is

for a time retrograde.

The temperature and S- 19-

humidity increase at those places towards and over which
the front part of the storm is advancing, and fall at those

places over which the front part of the storm has already

passed. In other words, the temperature and humidity
rise as pressure falls and fall as pressure rises. This is

the important climatic significance of cyclones. Thus a
succession of low pressures passing eastwards in courses

lying to norjhward of the British Islands are the essential

conditions of open winters ; whereas, if the cyclones follow

courses lying to southward, the winters are severe. In a
cyclone the broadest feature of weather is an area of rain

about or rather somewhat in front of the centre, sur-

rounded by a ring of cloud, outside which the sky is clear.

The precise form and position of these areas have been
shown by Abercrombie to vary with the type of pres-

sure distribution, with the intensity of the cyclone, and
with the rate of its progress, and they are also influenced

by local, diurnal, and seasonal variations.

The chief point of difference between American and
European storms is essentially the result of the mean
winter pressures to the west and north-west of their respec-

tive storm-tracks. Owing to the high winter pressure m
the interior of America, the barometer rises in the wake of

the storms of the United States more rapidly, the wind
veers round more quickly and more uniformly to N.W.,
N.N.W., and N. and keeps longer in these directions,

and the temperature and humidity fall to a greater

degree, than happens in Europe. In the New England
States and Canada the easterly winds of the storms,

coming as they do from the Atlantic, are disagreeably

cold, damp, and misty in a degree and with a frequency

much greater than occurs with the same winds in the

British Islands.

The chief points of difference between the hurricanes and
typhoons of the tropics and the cyclones of higher latitudes

are these :—tropical cyclones are of smaller dimensions,

show steeper barometric gradients and therefore stronger

winds, and advance at a slower rate over the earth's

surface. Another point of difference is that a large number
of the hurricanes of the West Indies and the typhoons of

eastern Asia first pursue a westerly course, which gradually

becomes north-westerly, and on arriving at about lat. 30°

they recurve and thereafter pursue a course to north-east-

wards. The tropical cyclones of the Indian Ocean south

of the equator also first pursue a westerly course, which

gradually changes to south-west, and often on arriving about.

lat. 30° recurve to the south-east. Many of the cyclones of
India have their origin to westwards of the Nicobar Islands,
pursue a course to north-westward, and die out in the
valley of the Ganges ; and, similarly, a considerable number
of the cyclones of the West Indies pursue a westerly course
through the Gulf of Mexico, and several die out in the States.
The most dreadful attendant on tropical cyclones is

the storm-wave, caused by the in-blowing winds and the
low pressure of the centre of the storm. When this wave
is unusually high and is hurled forward ou a low-lying
coast at high water it becomes one of the most destructive
agents known. The Bakarganj cyclone of October 31,
1876, was accompanied by a wave which flooded the low
grounds to the east of the delta of the Ganges to heights
varying from 10 to 45 feet, by which more than 100,000
human beings perished.

Tracks of Cyclones of North America, Atlantic, and
Europe.—In the Physical Atlas of the Atlantic Ocean, issued
under the direction of Dr Neumayer of the Deutsche
Seewarte, plate 28 shows by shadings the mean positions of
the centres of cyclones and by lines their mean tracks.
The following are the regions where the lowest barometer
of storms has been most frequently found:—the region
to west-south-west of the lakes of the United States ; the
Gulf of St Lawrence ; mid-Atlantic about lat. 35° long. 52°;
to the south-west of Greenland; to the south-west of Iceland,
which is by far the most important of the whole ; to the
south-west of the Lofoten Isles; the region embracing
Denmark, the south of Scandinavia, and Finland : and, as
secondary centres of frequency, the south of the British
Islands, Corsica and part of Italy adjoining, and the north-
east of the Adriatic. The great importance of these centres,
where the lowest barometers are most frequently found,
consists in the indication they give of the precise regions
either where many storms originate or where they are
either retarded or arrested in their course, Aa regards the
origin of storms, the centre west of the Mississippi is the
region where most of the United States storms originate,

the centre in the Gulf of St Lavrrence is where many of the
great Atlantic storms have their origin, and the centres in

mid-Atlantic and to the south-west of Iceland are the
regions where the storms of north-western Europe chiefly

originate. The centres on the south-west of Greenland,
the Lofoten Isles, Denmark, and the south of the Britisn

Islands, all appear to suggest that storms are retarded in

their onward courses on coming up against large masses of
land,—which may, in part at least, be occasioned by the
heavy rainfalls that mark these parts of their courses.

Of all storm tracks the most frequently taken is that by
the storms of the United States, which pursue an easterly

course through the lakes to the Gulf of St Lawrence. A
considerable number of storms follow a course from Nova
Scotia to Davis Straits ; but the larger number take a
north-easterly course through the Atlantic towards Iceland

and thence past the north of Norway. Among the less

frequent but important tracks are these :—from near New
Orleans along the east coast of the States towards Nova
Scotia ; from mid-Atlantic to south of Ireland and thence

through France to the north of the Mediterranean; and
from the Atlantic about lat. 42° long. 40° in a north-

easterly course quite outside but at no great distance from
the British Islands, and thence towards the North Cape.

Of the tracks more immediately affecting British weather

are one from Iceland in a south-easterly direction through

the North Sea and Germany, and four tracks which start

from near Scilly:—(1) to the south-east as already described;

(2) eastward through the north of Germany
; (3) north-east

to Christiania; and (4) north through Ireland and the

Hebrides. These are the storm tracks which chiefly give

the T/nited Kingdom its easterly and northerly winds.



156 METEOKOLOGY 'WIND VELOCIT"

Tkf Indtnation of Winds to the /*o6<ir«.—The vorticose

notion of the winds in a cyclone towards and in upon the

centre has been already pointed out One of the more

important practical problems of meteorology is the deter-

mination of the angle of inclination of the winds to the

isobars in the diflerent segments of the cyclone, not only

from the application of the results of the inquiry to the

theory of storms but tJao to practical navigation. The first

real contribution to the subject, based on accurate measure-

ments, was made by Clement Ley in 1873.* From the

observations made at fifteen places in north-west Europe

esamined by him he showed that the winds incline from

districts of higher towards those of lower pressure at a

mean angle of 20° 51'; that the mclination is much greater

tt inland than at well-exposed stations on the coast, the

respective angles being 28° 53' and 12° 49' ; and that the

greatest inclinations are with S.E. winds. Then follow

B.W., N.E., and I^.W. winds, the last showing the least

inclination. Whipph has recently compared the winds

at Kew with the barometric gradients for the five years

ending 1879, with the result that the greatest inclmation

b 63° with S.E. winds, the least 35° with N.E. winds, and

the mean for all winds 52°.

As regards the open sea, Captain Toynbee has shown,

from a carefiU investigation of the great Atlantic storm of

August 24, 1873, that the mean angle of inclination

calculated from one hundred and eight observations was
29°, the mean at the three selected epochs esamined

varying from 25° to 31°.

Barometric Gradient and Velocity of the Wind.—In

inquiring into the relation of the velocity of the wind to

the barometric gradient, it is necessary to have some
definite information as to the increase of the velocity with

height above the grotmd. Stevenson recently made
observations on this point on winds varying from 2 to 44
miles en hour from the surface up to a height of 50 feet,

from which he has drawn the following conclusions :—(1)

the spaces passed over in the same time by the wind
increase with height above the ground; (2) the curves

traced out by these variations of velocity from 15 to 50
feet high coincide most nearly with parabolas (fig. 20)

Fig. 20.

having their vertices in a horizontal line 72 feet below the
surface

; (3) between 15 feet and the ground there is great
disturbance of the currents, so that the symmetry of the
curves is destroyed

; (4) the parameters of these parabolas
iscrease directly in the ratio of the squares of the velocities

of the different gales. If x be the velocity of the wind

* JottmcU Scottish Meteorolcgical Society, vol Iv. p. 66.

at height H above the ground, the parameter of tht

corresponding parabola is te'l(H. -f 72) ; and as x varies tht

parameter wUl vary as a;* or as the square of the velocity

of the gale. It follows that, to render wind observations

comparable, it ia necessary that anemometers be placed at

one uniform height above the ground, and that standard

height not lower than 15 feet above the surface. It is

very desirable that the inquiry were prosecuted up to a

height of 100 feet ; and it is of the utmost importance that

the variation in the diurnal velocity be at the same time

determined at different heights from 15 feet upwards.

Stevenson also made wind observations on the CaltoD

Hill, Arthur's Seat, and the Pentland Hills, in the vicinity

of Edinburgh, up to a height of 1600 feet above sea-level.

It is from observations made at staticni* on knolls and

peaks at different heights above the sea, and' at different

heights above the surfaces of their summits, that the

problem of the variation of the wind's velocity at different

heights with the same barometric gradient casi be ascer-

tained. In carrying the inquiry to considerable heights,

the results cease to be comparable with those obtained

at lower levels, unless in those cases where neighbouring

heights are available for data from which tho barometric

gradient at the observed height can be calculated. The
results of observations as to the velocity of atmospheric

currents at very great elevations in the atmosphere deduced
from the apparent movements of the higher clouds are

altogether incomparable with the winds near the surface ol

the earth, for these among other reasons :—the leights ol

the clouds can be at best but imperfectly ascertained; tl.e

motion of the clouds, particularly the higher clouds, nuy
be only apparent, it being sometimes difficult to distingubb

between the formation and dissolution of clouds and tlieij

motion ; and above all, since the higher clouds are usually

the accompaniments of the greater weather changes, theit

movements are the result of barometric gradients towards
a knowledge of which we are absolutely powerless to take

a single step.

As regards surface winds, Clement Ley in 1881, and
Whipple more recently and with greater fulness, have
calculated the"mean vrind velocities for twelve gradients,

—

the gradients being derived from tho daily weather chart*

of the Meteorological Office for the five years 1875 to 1879
at 8 A.M., and the corresponding wind data being obtained

from the hourly readings of the Kew anemogrepL The
barometric gradient is for 15 nautical miles, and the

following are the velocities for the twelve gradients on ihe

mean of the year:

—

Gradient.
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Whipple has also sorted the Tvinds according to the

eight points of the compass, with results of the greatest

interest. If N.W., N., N.E., and E. winds be grouped
together as polar, and S.E., S., S.W., and W. winds as

equatorial winds, the mean hourly velocity of the polar

winds, for the same gradients, is I'l miles in excess of the

equatorial winds. Now, since polar winds pass into lower

latitudes, the surface of the earth over which they blow
is warmer, whereas the surface is colder than the equa-

torial winds which blow over it. It foUows that the

increased velocity of polar winds is referable to the same
conditions which result in the diurnal increase in the

wind's velocity and the greater velocity for the same
gradients of winds when the annual temperature is rising,

since in all these cases the winds blow over a surface of

a higher temperature than their own.

It is evident from these considerations that for the

development of the law of the relation of the wind's

velocity to the barometric gradient with an exactness

sufficient to warrant us in expressing that relation in a

general mathematical formula much yet remains to be done.

In truth, as regards the various formulae submitted by
Ferrel, Mohn, Hann, Everett, and others, we have no
choice but to allow the justness of Straohan's criticism

(Modem Meteorology, p. 98) that the theoretical values

furnished by the formulse do 'not accord with the actual

values, and that therefore a satisfactory formula is yet to

be found. Ere such a formula need be looked for, the

conditions must be fulfilled for the preliminary work of sup-

plying the observational data required. The "Challenger"

observations prove that, with gradients substantially the •

same, the velocity of the wind is greater on the open sea

than near land ; and we have seen that the velocity varies

with the hour of the day, and generally is increased as the

temperature of the surface rises above that of the air blow-

ing over it, and diminished as the temperature of the surface

falls below that of the air. It is evident that observations

on the open sea will afford data for the simplest solution of

the problem ; but on land the diurnal, seasonal, and non-

periodic changes of temperature greatly complicate the

problem, and render necessary for its solution observations

specially designed for the purpose. It is not easy to see

how these can be obtained but by carrying out the plan pro-

posed in 1875 by Stevenson of establishing strings of well-

equipped meteorological stations planted sufficiently close

that the barometric gradients may be determined within the

limits of acoiracy required. Observations made twelve

times daily for a year, at stations so arranged, would
supply tLe observational data for the solution of this funda-

mental problem in meteorology. Till some such proposal

be carried out, the problem remains unsolved, for barometric

gi-adients based on the widely separated existing stations

are too uncertain and rough and the wind observations

are wanting in that comparability which alone can satisfy

the inquiry.

Weather and Weather Maps.—Weather is the state of

the air at any time as respects heat, moisture, wind, rain,

cloud, and electricity; and a change of weather implies a

change in one or more of these conditions. Of these

changes the most important as regards human interests

are those which refer to temperature, wind, and rain; and,

as these are intimately bound up with the distribution of

atmospheric pressure, the latter truly furnishes the key to

weather changes.

These relations are well sho^vn by the International Monthly
Weather JIaps issued by the United States Signal Service. Of these

that for December 1878 is a striking CTample. This month was
characterized over the globe by unusually abnormal weather. A
line drawn from Texas to Newfoundland, across the Atlantic, the
north of France, and Germany, thence round to south-east, through
the RI=.V Sea. the Caucasus, Indio, the East India Islands, and

Australia to the South Island of New Zealand, passes through &
broad and extended region where pressure was throughout con-
siderably below the mean of December, and this low pressure
was still further deepened in various regions along the line. An-
other line passing from Australia, through the Philippine Islands,
Japan, Manchuria, Behring's Strait, and Alaska, also marks out
an extensive region where pressure was uninterruptedly below the
mean.
On the other hand, pressure was above the average, and generally

largely so, over the United States to west of longitude 90°, over
Greenland, Iceland, the Faroes, Shetland, and a lar^ portion of
the Old Continent bounded by a line .drawn from Lapland round
by Lake Balkhash, Canton, Peking, to the upper reaches of the
Lena. Another area of high pressure extended from Sj-ria, through
Egypt and East Africa, to the Cape ; and part of a third area o(
'high pressure appeared in the North Island of New Zealand. As
regards North America, the greatest excess of pressure, 0'196 inch
above the mean, occurred in the Columbia Valley, from which it
gradually fell on proceeding eastward to a defect from the average
of 0'146 inch near Lake Champlain and to northward, rising again
to near the mean on the north of Nova Scotia. To the north and
north-east exceedingly high pressures for these regions and the
season prevailed, being 0-635 inch above the mean in Iceland,
0-500 in the south of Greenland, and at the three stations in 'West
Greenland, proceeding northward, 0-445, 0-402, and 0-346 inch.
West Greenland being thus on the west side of the region of

high pressure which occupied the northern part of the Atlantic,
and on the north-east side of the area of low pressure in the States
and Canada, strong south winds set in over that coast, and the
temperature at the four Greenland stations, proceeding from south
to north, rose to 1°-1, 8°-8, 12°-1, and 14°-4 above the means. As
the centre of lowest pressure was iu the valley »f the St La-wrence
about Montreal, strong northerly and westerly winds predominated
to westward and southward, where consequently temperature was
below the average, the deficiency at Chicago and St Louis being
9°-5; and, winds being easterly and northerly in California, the tem-
perature there was also under the mean. On the other hand, in the
New England States, the gi-eater part of the Dominion of Canada, and
ft'est Greenland temperature was above the average. Pressure was
much higher at St Michael's, Alaska, than to south-westward at St
Paul's, Behring's Strait, and hence, while temperature at St Paul's
was 2°-9 below the normal, it was 12°-0 above it at St Michael's,
where strongly southerly winds ruled. With these strong contrasts
of pressure, America presented contrasts at least as striking in the
distribution of the temperature. Along the south of Lake ilichigan
the November temperature was 13° '7 above the iioimal, whilst the
December temperature was 9°-5 below it, the difference there
between the two consecutive months being thus 23°-2.

As regards Europe, Iceland was on the east side of the patch of
high pressure which overspread the north of the Atlantic, and hence
northerly winds prevailed there and temperature fell 7°'2 below the
mean, presenting thus a marked contrast to the high temperature
of West Greenland at the time. In Europe, the area of low-est

pressure occupied the southern shores of the North Sea, extending
thence, though in a less pronounced form, to south-eastward.

Hence over the whole of western Europe winds were N.E., N., and
in the south-west of Europe W. ; and hence everywhere from the
North Cape to the north of Italy temperature was below the
normal, in some places greatly so, the deficiency being 10°-4 in

the south of Norway and 12°-2 in the south of Scotland. On the
other hand, on the east side of this area of low pressure -ninds were
southerly and temperature consequently high. In some localities

in Russia the excess above the mean was 15°'0, and over a large

proportion of European Russia the excess was not less than Q'-O.

This region of high temperature extended eastward into Siberia a»

far as the Irtish, being coterminous with the western half of the

anticyclonic region of high pressure which overspread central

Siberia. But over the eastern portion of the anticyclone northerly

winds prevailed, with the inevitable accompaniment of low tem-

peratures over the whole of Eastern Asia, the^ deficiency at Ner-

tchinsk on the upper Amur being 6°-8. Here again, just as in

America, Greenland, and Iceland, places with atmospheric pressure

equally high presented the strongest contrasts of temperature.

Thus at Bogoslovsk, on the Ural Mountains, pressure was -21 1 inch

and at Nertchinsk 1 54 inch above the normals, but Bogoslovsk

on the west side of the high pressure area had a temperature 15° -0

above, whilst at Nertchinsk it was 6°-8 below the average.

At this time of the year the mean pressure fallg to the minimum
I in Australia, but during December 1878 the usually low pressure

was still further diminished. Pressure at this season also falls to

the annual minimum in the North Pacific and North Atlantic,

and it has been seen that the .low pressure of these regions was

likewise still further diminished. Bur in the case of the Atlantic

it was attended -with a most important difference. The centre of

lowest pressure, usually located to the south-west of Iceland, was

removed some hundreds of miles to the south-east, and an un'ftonted

development of extraordinarily high pressore appeared to the north-
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Tard, oTersprcAding the ezUns'iTe region of Baffin's Bay, Greenland,
Iceland, Faroes, and Shetland. It was to this region of high pres-

sure, particularly in its relations to the low-pressure region to the
sooth-east of it, that the extreme soTority of the venther in the
British Islands at the time was due. Now this high-pressnre

region was intimately connected with, aud doubtless occasioned

directly by, upper atmospheric currents from the widely extended
region of low pressure to soiithward, with its large centres of still

lower pressure in the North Sea, mid- Atlantic, and United States,

where pressures were respectively 0'307, 0322, and 0146 inch under
the normals.* Thus, with the single exception of the high-pressure

area about Greenland, the meteorological peculiarities which render
December 1878 so memorable over nearly the whole globe arose out
of a distribution of the earth's atmosphere essentially the same
that obtains at that time of the year, but the usual irregularities

in the distribution of the pressuie appeared in more pronounced
characters.

Taking the all-important bearings of these areas of high

and low pressure on weather and climate into consideration,

along with the abnormal concentration of aqueous vapour
over extensive regions which they imply, it is evident that,

when the meteorologist will be in a position to forecast, on

scientific grounds, the weather of the coming season for

the British Islands, it is to the Atlantic he will require to

look for the data on which the forecast is based.

These questions, which the International Weather Maps
of the United States enable us to discuss, are of the first

importance in meteorology, whether we consider the ampli-

tude of the .atmospheric changes they disclose (these being
often so vast as to embrace four continents at one time,

besides being profoundly interesting from their direct

bearings on the food supplies and commercial intercourse

of nations) or regard the krger problems they present,

with hints towards their solution, which underlie physical

geography, climatology, and other branches of atmospheric
physics. The discussion presents the great atmospheric
changes as influenced by oceans and continents, including
the subordinate but important parts played by mountain
ranges, extensive plateaus, and physically well-defined

river basins in determining the development, course, and
termination of these changes.

Weather Forecasts and Storm Warnings.—It is in tropical

and subtropical countries that an isolated observer may,
with a close approximation to certainty, predict the
approach of gales and hurricanes. In these regions atmo-
spheric pressure and the other meteorological conditions
are so constant from day to day that any deviation, even
a nlight one, from the average of the hour and season in
respect of pressure, the direction and strength of the wind,
and the direction and amount of cloud, implies the presence
of a storm at no great distance. Dr Meldnun has practically
worked out this problem at Mauritius with great success.
At the Royal Alfred Ob6ervatoi7 there the mean pressure
at 8ea-level in January at 9 A.M. is 29 966 inches, from
which it falls to 29-904 inches at 4 p.m., then rises to
29-980 inches at 10 p.m., and again falls to 29-927 at 4
A.M. The mean direction of the wind and the diurnal varia-
tion, both as regards direction and force, have been stated

(p. 125). Suppose then that the barometer is observed
to fall after 9 a.m. more rapidly than is due to the usual
daily barometric tide, that in the afternoon it does not
indicate the second maximum or that it continues to fall

mstead of rising,—or suppose, in short, any deviation from
the mean daily march,—then it is certain that there is

somewhere an atmospherical disturbance near enough to
Mauritius to influence the pressure. The direction in
which the disturbance is from Mauritius is readily known
from the wind, and the distance of the storm closely
approximated to by noting the rate and amotint of the faU
of the barometer, la connexion with the changes of the
wind and the clouds,—the rate and progressive motion of
the storm being known chiefly from the veerings of the
wind. For a good many years past notifications have

been sent to the daily newspapers when observations show

that a storm is not far from the island, stating its position

and probable course from day to day. The scheme of

storm warnings at Mauritius has been entirely successful,

and the result is of great value, since it shows what may bo

done at an isolated station in the ocean, or what may be

done in ships at sea. In this connexion it is not possible

to overestimate the importance to seamen of a knowledge

of the hourly variations of the barometer and its mean
monthly heights over the ocean tracks of commerce.

In passing from Mauritius to the British Islands we

pass from a region where the forecasting of storms and

weather is simplest and easiest to the region where it is

most complex and difficult, particularly for the western

districts of these islands. The great difficulty lies in the

fact that the British Islands ate immediately bounded by

the Atlantic to westwards ; and, since practically every

storm and nearly all weather changes come from that

direction, no telegraphic communication of their approach

can be received. The Meteorological Office in London has

therefore no choice but to base the forecasts on such of the

observations telegraphed to the office as experience has

shown to be the precursors of storms and other weather

changes. The more important of these observations are

the falling and rising of the barometer taken in connexion

with changes in the direction and force of the wind. Since

on the north side of the track of the centre of the storm

winds are northerly and easterly and temperature low, and

on the south side winds are southerly and westerly and
temperature high, one of the most important points to be

ascertained is the probable path the centre of the coming
storm will take. Though a good deal remains to be
accomplished in the development of this phase of storms,

yet much has recently been done in this direction by close

examination of the changes of pressure in the region of

the anticyclone contiguous to the advancing storm and by
the changing positions of the rain area near the centre of

the cyclone.

As regards Europe, the facility of forecasting storms

increases as distance from the west coasts is increased.

Thus to the middle and eastern districts of the British

Islands, were a day and night watch established in the

west, forecasts of almost every storm could be issued, the

exceptions being those small cyclones or satellite cyclones,

as they are called, originating within the British Islands

themselves, which are frequently characterized at once by
their severity and by the rapidif^ of their onward course.

In the United States, the system of weather forecasting ia

perhaps the best in temperate regions,—a result due to

the admirable system organized and developed under the

direction of the late General Myer, and adequately sub-

sidized by the Government, but above all to the facilities

to detect and track the storms in the region where nearly

all of them have their origin, to west of the Mississippi,

before they advance upon the more thickly peopled States.

Meteorology sustained a heavy loss by the death in 1877
of Leverrier, who was not only the keenest-sighted of

physicists but also the prince of organizers of systems of

meteorological observation. His last great service to the
science was the establishment of a system of observation,

by which the propagation of rain, hail, and other weather
phenomena could be followed and recorded from commune
to commune over France. This scheme for the investiga-

tion of the vitally important bearing on the meteorology
of a country of a comprehensive observation of its rainfall,

hai l
,
and thunderstorms, through numerous observers

possessing sound local information, is not only eminently
just in science, but is calculated to be attended with the
greatest benefits to agricultural and other public interests.

The practical advantages of the scheme, it need scarcely
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be added, can only be reaped after a very large expendi-

ture of labour and money in organizing a comprehensive

parochial scheme of observation, systematically and per-

sistently carried through and discussed.

Further aetails regarding meteorological phenomena
will be found in the articles Atmosphere, Barometer,
Climate, Hygrometry Ozone, Kaingauge, Sea, and
Thebmometee. (a. b.)

TERRESTRIAL MAGNETISM.

1. In the preceding portion of this article some account has been
given of the influence which the sun and moon exert upon the air,

the earth, and the ocean, their strictly tidal effeqts being left to be

separately dealt with. The discussion of the influiSnce of these

bodies Cn what may be termed the movables of the earth will

not be complete, however, without embracing an account- of the

changes which they produce in the earth's magnetism. An account

of the earlier magnetic observations has already been given under

the heading Magnetism, and our task will now be to give in the

first place a description of the best and most recent instruments by
which the magnetic state of the earth is determined, embracing
therein observatory instruments, those adapted for travellers whether
by land or by sea, and differential magnetometers. We shall next

give a short accouat of the magnetic system of the earth and of its

secular variation; and we shall then investigate the changes con-

nected with terrestrial magnetism depending on the sun and moon.
In performing this task we shall be led to conclude that the sun's

power is variable, and we shall therefore examine whether this con-

clusion is likewise borne out by strictly meteorological observations.

Finally, we shall venture on remarks embodying a provisional

working hypothesis, and our object will be gained if this should bo

found to suggest certain lines of thought to those interested in the

subject which may lead them to examine and discuss the very great

mass of observations at present existing.

Instruments for DEiEKMiNrNo the Magnetic State
OF thb Earth.

(o) Observatory Instrmnenii.

2. Declinometer.—It is that end of the needle which points to

the north magnetic pole of the earth of which the position is invari-

ably noted even when the observatioh i3 made in the southern

hemisphere. The difference of this position from true geographical

north denotes what is called the variation or declination (east or

west) of the needle. • East is often reckoned negative and west

posiEiver The i/xstniment by which this information is obtained is

called the declinometer. The unifilar magnetometer, which is

the fJofm of declinometer now used, is described and figured in

l^ONETISM, vol. XV p. 238.

3. JXp Circle.—The instrument by which the magnetic dip or

inclination is observed contains a thin needle about 8 inches

long, the centre of gravity of which coincides as accurately as

possible with the axis of motion of the needle. The needle has two
axles consisting of two very fine cylinders of hard steel standing at

right angles to the plane of the needle, and great attention must be

paid to keep these axles in a state of perfect polish and dryness.

By means of these the needle can oscillate freely on Iwo horizontal

agate rounded edges, the one axle lying on the one edge and the

other axle on the other. If the centre of gravity coincides exactly

with the axis of motion, and if there be no adhesion or friction

between the axles and the agate edges, the needle must settle into

such a position that its magnetic axis lies in the true line of dip.

The position of tha ends of the needle is read by means of two
microscopes which move round on a cross piece carrying verniers.

To view the position of the lower end of the needle we move round
the lower microscope untfl the cross wire in its field of view (extend-

ing in the line between the two microscopes) symmetrically cuts

the extremity of the needle. The lower vernier is then read. The
same process is repeated for the upper vernier, and the mean of

the two readings is taken. This mean will accurately denote the

position of the needle if the circle is properly set.

The sources of error in a dip observation are—(1) a want of

symmetry in mass, the centre of gravity of the needle not being

coincident with the axis of motion ; (2) the vertical circle being

erroneously set ; '8) a want of symmetry in magnetism, the mag-
netic axis not being coincident with the axis of figure ; (4) excen-

hicity, the axis of rotation of the needle not passing through the

centre of the circle ; (5) friction and adhesion of the axles as they

rest on their agate supports. This last source of error is guarded

against by taking great care of the axles, and by inserting them
gently into a piece of cork before each observation ;

the agate

supports ought also to be rubbed with cork. Then, again, when
the needle has a.<%umed its position, before reading it is gently raised

by means of a lifter, the handle for turning which is shown in the

figure towards the right. It is then gently lowered, and this pro-

cess is repeated until no apparent change of position is produced
by the operation.

• 4. We shall now describe a complete dip observation. The first

point is to make the needle to swing in the piano of the magnetic
meridian. In order to accomplish this, after lovcUin" the instru-

ment, the verniers are set for 90°, that is, for a vertical position of

the needle. The whole instrument is now turned round its hori-

zontal circle until the extremities of the needle are bisected by the
wir.'s of the two mvcroscopes, and the jiosition of the vernier of the
horizontal circle is then read. The needle is next reversed so that
the microscope shall view its other flat side ; it is made vertical as
before, and the position of the horizontal circle read once more.
Next the face of the instrument is turned round 180°, and the same
two operations repeated. We have thus four readings of the hori-

zontal circle, and if we take the moan of these we shall have ascer-

tained with sufficient accuracy the position of that plane for which
the needle is vertical. Now this plane must bo removed 90° from
the magnetic meridian, for in such a plane the horizontal ma^ctic
force of the e^rth would have no resolved jiortiou acting in the
plane of the needle's motion, so that the needle would jiractically

be under the solo inlluonco of the vertical ma"netic force, and would
therefore point in a vertical direction. By this means therefore wo
obtain the magnetic meridian, and thus know tho plane in which
we ought to swing the needle. Tho needle must now be read

in the following positions :—(o) face of instrument cast— face of

needle to face of instrument ; {$) face of iiisti'ument west—face of

needle to face of instrument
; (y) face of instrument west—back of

needle to face oi lustruinent ;»X5) face of instrument east—baik of

needle to face of instrument. Finally, the poles of the needle must
be reversed, by rubbing them with (wwerful bar magnets in a

direction opposite to that in which they were previously rubbed,

and fourobservatious taken corresponding to the above. The mean
of the eight observations so obtained will give us the true dip.

The turning round of the face of the instrunicnt Ironi cast to west

is made to counteract any error due to erroneous setting of the

vertical circle. The reversal of the face of the needle is mado to

counteract any error due to the centre of gravity of the rfecdlo not

being quite coincident in the direction of the needle's breadth with

its axis of motion, and likewise any error duo to want of symmetry
of the magnetic axis. The correction for excentiicity is made by
reading both ends of tho noodle. Finally, the reversing of tho poles

of the needle is intended to counteract any error duo to the centre

of gravity of the needle not being coincident in the direction of the

needle's length with its axis of motion.

Dr Joule' has suggested a modification of the dip circle in which
the needle is hung on fiue threads on which it rolls instead of rest-

ing on agate supports.

5. Horizontal Fora llagnctomcter.—The theory of tho instrumeni

for determining the horizontal component of the earth's ma^etio
force has already been given in tho article JlAo.stTiaM, vol. xv.

pp. 238 sq., and the instrument is shown in two forms, ihid.,

figs. 28 and 29. The corrections necessary for accurate results ars

explained in a paper by G. M. Whipple {J'roc. Roy. Soc, 1877).

(;8) Instruments adaptedfor Travellers by Land.

e. Declinometer.—For travellers by land the unifilar instrument

(§ 2), mounted on a tripod stand and duly levelled, is perhaps the

most accurate kind of uoclinometor.

For this puriwae it is furnished with a transit miri'or by means
of which an image of the sun may be thrown into the field of view

of the telescope, and—the geographical jrasition of the station as

well as tho apparent time of the observation being known—an

azimuth thus determined. In order that such an observation may
succeed, the following points must receive attention.

In the first place tlio axis of tho mirror must bo horizontal; the

adjustment for this is made by means of a riding level. Secondly,

the normal to the plane of the mirror must be pcriiendicular to the

axii The ailjustment for this is mado by a screw attached to the

back of the mirror. Take sonio object •uSioiently elevated and

reflect it into the telescope, getting tlio object bisected by the wire

of the telescope. Then reverse the mirror in its bearings. If tho

object remains still bisected by the wire no correction requires to

be made, but if not tlio screw at tho back of the minor must be

moved until tho object is in ])rccisoly the same position in both

observations. Thirdly, the lino of collinetion of the telescope must

be perpendicular to the plane of the mirror. In order to obtain

this there is a collimating eye-piece attached to the telescope by

which the sun's light may be made to illuminate the cross wires.

Now turn the transit mirror until the reflexion of the illuminated

cross wires coincides with tho wires themselves, in which case tho

line of coUimation of the telescope must be perpendicular to the

plane of the mirror. When this correction has been once made, not*

the circle reading of a small vernier whi'-h moves with the mirrOB

and alwaj-s set the mirror so as to give this reading.

' Ptoc. Lit. and Phil. Society, itanckester, vol. viii. p. 171.
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By these means an accurate reading of the eon's bearing may be

made ; and, the position of the place and the time of observation

being knovm, there are tables which enable the dzimnth to be at

once determined.

7. Llm/cTs Method of Determining the Total ^orc*.—While the

dip circle and the horizontal force magnetometer may be used by

travellers in addition to their oso as observatory instruments, the

Bev. Dr Lloyd has devised a now method of determining the total

force. The ordinary method of obtaining this is first to find the

dip and the horizontal force, from "'hich the total force can bo at

once determined by the equation,—total force— horizontal force x

secant dip. This method is, however, open to objection in high

magnetic latitudes where the horizontal force is very small and the

dip approaches 90°. Now in Lloyd's method this objection is over-

come. Another circumstance which renders his method peculiarly

convenient for high magnetic latitudes, where a traveller's equip-

ment must be kept as light as possible, is the fact that it only

requires the addition of two needles to an ordinary dip circle in

order to give the required determination These needles must be

carefully Kept from contact with other magnets, and their poles

never reversed.

Here as before we have two unknown quantities to determine, the

one being the magnetic moment of the magnet and the other the

total force of the earth. Wo must, therefore, obtain two results,

the one embodying the product of the earth's total force into the

magnetic moment of the needle, while the othor gives the ratio

between these two quantities.

8. In order to determine the former of these, let the needle

have a grooved wheel of radius r attached to its axle as in fig.

21, and over this wheel let an accurately known weight W be

Fig. 21.—Dip Circle.^

suspended by means of a very fine silk thread. The .^st way of
doing this is to have a thread with two hooks of precisely equal
weight at each end and then attach the preponderating weight W
to one of these hooks. When this is done a now position of equili-
brium will be taken by the needle. If we suppose that m denotes
the magnetic moment of the needle, that » is the angle of dip at the
place, and that ij denotes the angle which the needle in its deflected
position makes with the horizon, the weighting being so made
that 1) shall be less than i, then it is clear that the needle has been
deflected out of its position of equilibrium through an angle i- j,.
If we call this angle u and designate by R the total force
at the nlace, we obtain the foUowiug equation of equilibrium :—

mRsinu — Wr (1)_
on the supposition (which is very nearly but not strictly correct^
that W denotes a constant force at all latitudes.

9. Next, in order to determine the ratio between this noodle's
force and that of the earth, let it bo removed and employed to
deflect another substituted in its place.

"When using it thus as a deflector it should bo laid in a frame in

an invafiablo position as in fig. 21. This frame is at right angles to

the line between the two microscopes, and as both piices move
together the best plan is to turn the whole round until the deUccted

needle is visible in the centre of the field of the microscopes, in which
position it is of course perpendicular to the deflecting needle. By
always keeping to this arrangement we secure an invariable distance

between the poles of the two needles. Suppose therefore that we
have employed the needle as a deflector in the above manner, and
that the deflected needle has thus been made to assume a position

denoting an angle ij' with the horizon. It has therefore been

dellccted from its position of equilibrium by an angle »' - ij' (t denot-

ing the dip as before); calling this angle of deflexion »', we obtain

the following equation of equilibrium :

—

Rsiuii'-mU <2),

U being a function depending upon the distance of the needles and
on the distribution of free magnetism in them.

10. If we multiply together equations (1) and f2), we obtain"

E'sinasinti'-ITWr (3),

in which «, v! are determined by observation, while W and r may
be regarded as constants. TJ is, as we have said, a function de-

pending upon the distance of the two needles and noon the distri-

bution of tree magnetism in them.
^

The magnetic moment of these needles is of course liable" to altera-

tion, but if they are carefully guarded from contact with magnets
we may imagine that while their intensity alters, becoming weaker
for instance, this nevertheless does not S3nsibly affect the distribu-

tion of the free magnetism within them, in which case the fimction

U may be regarded as a constant quantity. The results 'obtained

by this method of Lloyd's fully confirm this hypothesis regarding

U ; but it is essential that the two additional needles, the deflector

and the deflected needle, should have their poles at no time either

reversed or disturbed.

Assuming therefore the constancy of the quantity 0, its value may
be easily determined at any ba^e station where the total force has
been determined independently by the ordinary method.

11. Having thus determined the value of U, or at once of XPK
(which we may call c), let ns carry our instrument to a difiereut

station and make the requisite observations. We thus obtain

V sinus
...... (i).

As this method is specially adapted for high latitudes, the dip circle

employed (fig. 21) ought to be one for which the agate supports are
horizontal, so as to admit of the needle being visible when the dip
is nearly equal to 90°. It will also be noticed that, if the deflecting

needle have the same temperature when it is used in equation (1)
which it has when used in equation (2), then m in the one case is

strictly equal to m in the other, and thus no temperature correction
is rendered necessary.

12. A slight modification of the method now described is some

•

times adopted. Instead of employing separate weights, which may
be easily lost, two small holes are bored in the deflecting needle
near each end. Tlie one of these is filled with a suitably heavy
brass peg when the observations are to be made in the higher
magnetic latitudes of the northern hemisphere, aiid the other is

filled in a similar manner when the observations are to be mads
near the southern pole. In this case therefore we must readjust

the instrument as we pass from the one hemisphere to the other. A
slight change must be made in the formula when this method is

adopted, for it is clear that the weight will not now act always at
the same constant leverage. If the weight bo called W and its

leverage when the needle is horizontal r. wo ehall have to modify
equation (1) as follows:

—

mRsin« — Wrcosii (B).

Equation (2) will, however, remain unaltered, and hence equation
(3) will become

R'sinusinii'— UWrcosD (ti).

If the quantity UWr be determined at the base station emd called
c", we shall have

R_ JJS2^-L^ (7).V sinusin«

(y) Jnstrvnunts adaptedfor Travellers by Sea,

13. Azimuth Compass.—At sea the declination is generally
observed by means of an azimuth compass invented by Eater:
This is exhibited in fig. 22. It consists of a magnet with »
graduated compass card attached to it. At the side of the instru-
ment opposite the eye there is a frame which projects upwards
from the plane of the instrument in a nearly vertical direction, and
this frame contains a wide rectangular slit cut into two parts by
a wiro extending length^vise. The eyepiece is opposite this frame,
and the observer is supposed to point the instrument in such I
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Fio, 22.—Azimuth Con\pass.

manner that the wire above mentioned shall bisect the sun's visible
disk. There is a totally reflectine glass prism which throws into
the eye-piece an image of the scale of the graduated card, so that
the observer, having first bisected the sun's disk by the wire,
must next read the division of the scale which is in the middle of
the field of view. He thus obtains a reading of the sun's position
let us call this 100°. From this,

knowing the geographical posi-

tion of nis station and the time
of the observation, he may de-
duce an azimuth ; let IIS imagine
that this is 70° W. Thus a
reading of 100° corresponds to

a position 70° W. Suppose next
that the instrument is so ad-
justed that when the magnetic
axis of the magnet is between
the eye-piece and the wire the
reading is 0°. It is thus clear

that the magnetic meridian is

100° removed from the position
70° W. Let us imagine that the instrument is so graduated that
this denotes a position 30° E.' We have thus obtained the mag-
netic declination. If the vessel be at rest the plan generally
adopted is to take the reading of the sun when rising and also
when setting ; a mean between the two will give that which cor-
responds to a geographical meridian.

14. Pox'a Dip Circle.—This instrument, contrived by Robert
Were Fox, is more cspeciallv useful for observations at sea. In
this case it must be placed on a gimball stand and duly levelled
before commencing the observation. The following are the peculi-
arities of this instrument :—(1) the needles have two fine pivots or
Biles which are inserted into jewelled
sockets

; (2) in order to avoid parallax
there are two graduated circles, the
one farther from the eye than the
other, and when reading the needle
the eye js to be so placed that pre-
cisely the same reading shall he given
by both circles,—the true position of
the needle being thus obtained

; (3)
there is a rubber made of bone or ivory
and roughened, the object of which is

to rub a prolongation of the socket on
the back of the instrument,—the fric-

tion which this rubbing causes enabling
the needle to find its true position

;

(4) to avoid as much as possible all

effects due to friction ana adhesion,
the entire socket arrangement may be
turned round. The axles of the needle
are thus compelled to be in contact
with a different set of particles. An-
other way of varying the suspension
is to use a magnetic deflecting arrange-
ment attached to the back of the
apparatus. Suppose that a reading
of the position of the needle so de-

flected is now taken. Next reverse

the position of the deflecting arrangement, which is done by turn-

ing a movable circle attached to this arrangement 180° round; let

the position of the needle be again read. On the hypothesis that

the needle is equally deflected on opposite sides of its true position

in these two observations, the mean reading will give the true

dip. The principle of the method of observing with this circle is

precisely the same as that already described for observations on
shore with an ordinary inclinometer.

15. Fox's Intensity Arrangement is merely a modification of that

tatroduced by Lloyd, and already described lq § 7.'

(S) Differential Magnetometers and Self-Eecording

Magnetographs.

16. In addition to determinations at fixed intervals of time, it is

a point of much interest and importance to keep a continuous record

of all the magnetic changes which take place at a few selected

stations. This is accomplished by means of differential magneto-
meters. It is, however, necessary to continue to use absolute

instruments side by side with differential magnetometers, because

the latter (with the exception of the declination instrument) are

badly fitted for recording changes of long period, such as the secular

changes of the horizontal and the vertical force. The reason of this

will presently be seen.

> A great deal of detailed information regarding iDStmments for absolnte deter-

mltiatlonand the methods of observing with theralsto be foujid In the Admiralty
Uanual of Scientific Inquiry In an article on ''Terrestrial Magnetism," by Sabine

and Welsh. A treatise on TerreUrial and CotmiaU Magnetism, by E. Walker,

lay LkewlM be consolted with niTicb adTontogo.

17. Early in the history of such instruments it was found that
hourly observations were exceedingly laborious, and attempts were
made to construct a set of self-recording magnetometers. The first
set of such instruments which were brought into systematic opera-
tion were those devised and constructed by the late Charles Brooke,
which have been at continuous work in the Greenwich Observatory
since 1848. In 1857 John Welsh devised a fresh set of self-record-
ing instruments, and introduced them into the Kew Observatory.
These, with certain slight modifications, have formed the type of
instruments supplied to a large number of magnetic observatories
all over the globe.

18. As we cannot conveniently record changes of dip by a
differential instrument, changes of vertical force are measured
instead by a balance or vertical force magnetometer. We have thus
in a differential system, whether adapted to eye observation or to
continuous photographic registration, three instruments, namely,
the declination, the horizontal force, and the vertical force mag-
netometers or magnetographs as the case may be. 'The most
recently constructed instruments are adapted both for photographic
registration amd for eye observation through a telescope. The
advantage of eye observations is that we see what is taking place
at the very moment of its occurrence, whereas we only obtain the
Ehotographic record some time after the changes to which it relates
ave actually happened.
We shall therefore describe—(a) the three instruments of the Kew

pattern as adapted to eye observations
; (/3) these instruments as

adapted to continuous registration by photogiaphy
; (7) the method

of determining their scale coefficients
; (5) the method of determin-

ing the temperature coefficients of the force instruments.
19. Kew Instruments—Eye Observations.—Fig. 23 shows us these

instruments arranged in the relative positions recommended by
Lloyd so as magnetically to interfere with one another as little as

Fio. 23.—Kew Instrmnentii.

possible. We are supposed to be viewing the whole from the south.
No. 1 to the right is the declination instrument, No. 2 that for
the horizontal force, and No. 3 in the distance behind the central
pillar (No. 4) the vertical force magnetometer. Figs. 24, 25, 26
give us the details of these three uistruments in the same order as
above. Connected with each instrument there is a circular mirror,
orrather two semicircular mirrors, made of perfectly plane glass.

One semicircular half of each mirror is attached to the magnet
and moves with it, while the other half is firmly attached to the
marble slab. Each magnet is enclosed in a gun-metal case with
windows of perfectly plane glass ; each gun-metal case is covered
with a glass shade ; and the whole is air-tight, and capable of

exhaustion. Each magnet too is provided with a copper damper
with the view of checking its oscillations. In fig. 23 v/ill be seen
two pillars of smaller size. The right-hand pillar carries a tele-

scope, with a scale attached, to record the position of the declination

magnet. The scale is reflected from the semicircular mirror moving
with the magnet, and the position of this reflected scale as viewed
in the telescope indicates the position of the magnet The optical

arrangement for the other instruments is simOar, except that the
vertical force mirror has a horizontal and not a vertical axis.

The telescopes for viewing the force instruments are attached to

the left-hand pillar of smaller size.

20. The Declinometer '' (fig. 24) consists of a magnet about 5 inches

long suspended by a silk thread (reed from torsion as completely as

> For a detailed accooot of the Kew magnetographs, «ea Bi-itith Auociaticn
Reports. IR-'jS.
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possible. To keep the state of the thread constant the class shade

should bo rendered airtight, and should contain some substance for

absorbing moisture, such as chloride of calcium. I' 's de^ t^*'

if the state of the thread remains
the same, and if the position of

the magnetic axis of tne magnet
docs not change, this instrument
should record faithfully the various

changes of declination.

The Horizontal Fortx Magmio-
mf<(rr is exhibited in fig. 25. Kero
the magnet ' has been twisted round
into a position at right angles to

the magnetic meridian. It is sus-

pended by means of two very fine

steel wires some little distance

apart, and thus the instrument is

often called the bitilar magneto-
meter. These wires have the plane
passing through their lower ex-

tremities dilTering very consider-

ably from that of their upper. If

the magnet should suddenly loso

its magnetism the whole arrange-

ment would be twisted round until

the two planes coincided. This
dilTerenco of plane gives rise to a
couple tending to twist the magnet
round in one direction while the
horizontal magnetic force of the
earth constitutes an ._—==

equal and opposite " —Z^^^'^j
couple, the two couples ~^—-*^*—^^-=*

keeping the magnet in 5
equilibrium. Thecouploo '

depending upon the bi-

filar arrangement may
for the present be re-

"arded as constant, that
24.-Deelinometer.

depending on the hori-

zontal force of the earth as variable. If the latter increase or

diminish, the magnet will be slightly twisted round in one direction

or the other.

In the Vertical Force Magnettmetcr (fig. 26), the magnst i%
balanced by means of a knife-edge
resting on an agate plane. B^
means of two screws working hori-

zontally and vertically the centre

of gravity may be thrown to either

side of the point of suspension,
or it may bo raised or lowered and
the sensibility of the magnet when
balanced thereby increased or
diminished. There screws are so
arranged that there is a preponder-
ance of weight towards the south
side of tho magnet. TJi^ is

neutralized partly oy the magnetic
force tending to pull the north end
down and partly by a slip of brass
standing out horizontally towards
the north side. Let us suppose
the system to be in equilibiiuni at

a certain temperature ; if the tem-
perature rise (since brass expands
more than steel), the leverage of

the weight at the north side mil
increase more than that of the
weight at the south. There will

thus' be a slight preponderance
towards the north, and
this may bo arranged
so as to n:utralize to a
great extent the de-

crease in tho magnetic
moment which an in-

crease of temperature
produces.

21. Magrutographs: ^"'- 25.—Horizont ' i^netometer.

—The arrangement by means of which these insiiuments arc con-
verted into self-recording ma^nctographs is very simple. In fig. 23
we see a gas flame burning behind a vertical slit and placed end-
wise in order to render its light more intense. The light from
this illuminated slit passes through a lens, and being reflected

from the mirror of the declination magnet throws an imago of the

* AU_tho magnets are of Ibc same iW'«.'

slit upon some sensitized paper in the central box. To speak

mop! properly, two images are thrown, one reflected from theuppei

and movable half and the other from the fixed half of the mirror

The sensitive paper is wrapped round a horiiontal cylinder (fig. 27),

and the two imazes are therefore thrown uoon diflcrcnt parta ol

Fio. 26.—Vertical Force Magnetometer.

this cylinder. But before reaching the cylinder these two images

are by means of a hcmicylindrical lens (shown in fig. 27) cruhed
up into two dota of light. The cylinder moves round regularly by
clock-work once in twenty -four hours, and hence the course on tho

moving paper of the dot of light which comes from tho fixed half-

mirror will be a straight line, while that of the dot from the

moving half-mirror will bo a curved line depending on the motions
of the magnet. When the paper is developed these lines appear

black.

The arrangement for the horizontal force instrument is precisely

similar to that for tho declinometer ; for the vei'tical force it is

somewhat difi'erent, the illuminated slit being horizontal and not
vertical, while the mirror oscillates on a horizontal axis and not on]

a vertical one ; the hemicylindrical lens too and the cylinder are]

vertical and not horizontal. It was found necessary to put thel

plane of motion of the vertical force magnet 15° out of the magnetic'

meridian for the following reason. The axes of the telescopes are

respectively 30° inclined to the tubes which go from the magneto-

Fio. 27.—Magnetograph.

meters to the central box, and hence had the vertical force Jiagnct
swung in tho magnetic meridian it would have been necessary to

place the mirror inclined at the angle of 15° to the axis of motion
of the magnet. This was tried, but it was found that in this posii

tion of tho mirror the correction for temperature was so excessive
that tho instrument became a thermometer and not a magnetometer.'
The mirror was theref<5re put in a plane passing through the axis
of motion of the needle, the needle oeing made to move in a plane
inclined 15° to the magnetic meridian.

''.2. Scale Coefficients of Differential Insirumenls.— It is necessary
to know the value of one division of the scale in the magnetometer!
or of one inch difference in the ordinate of tho curve impressed on
the photographic paper in the magnetograph. In tho declination'
instrument it is only necessary to obtain the angular deviation cor-

responding to one division, and this may bo done at once by a seriea

of measurements. In tho horizontal and vertical force instruments
we wish to obtain the value of one division in parts of force, fhei e

is more than one method by which this can be accomplished, but
that of John Allan Broun is probably the simplest, and it is, wo
believe, the one adopted at most of tho various observatories .pos-

sessing self-recording instruments. It is given in -thQ^' British
Association Reports, 185D.

23. TemperoUure Coefficients of IHffereTdial Force Instruments.—
Broun has devoted a great deal of attention to the subject of

these coefficienta, and has come to tho conclusion that 'the best

and most unobjectionable method of determining them .is. to
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lompare the instrumontal readings on days when the tempera-

ture is higk with the reaJings on days when the temperature la

low.^
24." By differential instruments the components of a force affect-

in<' the magnet are determinoil in thieo directions at right angles

to°each other. It does not, however, follow that this force ia

entirely due to changes in the magnetism of the earth. We know
that certain forces connected with tho sun affect the earth's mag-

iictiRm, and on certain occasions at least these forces manifest them-

selves as currents in the upper regions of the atmosphere and in

tne crust of the earth. ' Kovv such currents will have a direct effect

upon the needle as nell as an indirect effect through the changes

which they may produce in the magnetism of the earth. Tho total

influence on the needle will therefore be made up of these two ?le-

menu, tho one denoting the direct influence on the needle of tho

disturbing force, and the other the indirect influence through the

change produced in the earth's magnetism. No attempt has yet

been made to eeparate the action of these two elements.

2b. Selfrecording instruments after the Kew pattern have been

supplied to observatories at the following places ;

—

Batavia. Mauritius.

Coimbra (Portugal^ Kolaba (Bombay).

Lisbon. Vienna

St Petersburg. Zi Ka Wei (China).

Florence. San Fernando (Soain).

Stonyhurst. Potsdam.
Utrecht (declination only). Brussels.

Melbourne Nice.

There are also selfrecoraing magnetographs of other patterns at

Toronto, Monisouris (Paris), Greenwich, Wilhelmshaveu (!), Cape

Horn, and Havana (I).

We understand that Professor W. G. Adams is at present

engaged in making a comparison of simultaneous curves from vari-

ous stations of these tistst'

Maonetio Poles of thb Earth—SEontAR Variation.

28. llagnetic Poles of the E.-rth.—In the article Magnetism it

has been shown that Dr Gilbert of Colchester had at a very early

period grasped tho important truth that the earth is a magnet, a

truth which was afterwards mathematically demonstrated by Gauss.

It was reserved for Halley, the contemporary of Newton, to show
that the earth must be regarded as having two poles in the northern

and two poles also in the southern hemisphere^, so that, unlike

ordinary magnets, its magnetic system has four poles altogether.

Before proceeding further it will be desirable to state what it was
that Halley actually did and what are the conclusions to be derived

from his investigations. It has been remarked by Professor Stokes

that, while in an ordinary bar magnet we may practically regard

the pole as havjng a physical reality and as being the cause of well-

known attractions and repulsions, we are not entitled a priori to

assume that a point of maximum forc^ in a large spherical magnet
like the earth must necessarily be tho seat of attractions and repul-

sions after the same manner as the pole of an ordinary bar magnet.

It is to be determined by observation to what extent the earth

actually preserves an analogy to an ordinary magnet. Now Halley'a

conclusions were derived from the pointing of the declination

needle, since in his day there were no observations possible on total

magnetic force. He argued that there are two points or poles in

the northern hemisphere to which the needle appears to be attracted,

one in the upper region of America and one above Siberia. So far

this conclusion is hardly anything more than a formal one derived

from the grouuing together of observations. He asserted that these

would be as tnoy are known to be if we imagine two such polos or

foci of force each exercising a causal influence on the magnetic
needle. And the justilication of Halley's way of regarding the earth

is founa in tho fact that when force observations came to be made
two such foci of force were actually found to exist. We do not,

however, mean to imply that these foci have causal properties

exactly similar to the poles of a bar magnet, for this ia not the
case.

In order to exhibit the process of reasoning which led Halley to

his conclusion, let us first imagine that the earth has only a single

pole or forco-focus in the northern hemisphere, and that this is

coincident with its geographical pole ; then, assuming that this

pole has a causative influence on the needle's declination, we should
expect all needles to point everywhere due north. If, however, this

pole be not coincident with tho north pole of the earth, let us draw
a meridian circle passing through the magnetic pole and complete

it round the earth so as to divide the earth into two halves. At all

' We are Indebted to Mr Gordon

—

and to lib publishers Messrs Sampson Low &
Co., who have obtained them for U3—for the sketches of tho Instnunents for

absolute detannlnatlons, with the exception of that of Eater's compass, for which
we are Indebted to Mr J. J. Hlclis. For the sketch of the self-recording mag-
netognphs together and In detail wo are Indebted to the Eew committee and to

Rt Q. M. .Whipple, director of the Kew Observatory.

Let

points in this meridian circle tho needle might be expected to point

due north, while in tht one half of the earth so divided it should

Foint to the east and in the other half to the west of true north,

n the next place lot ns imagine that the earth has two north mag-
netic poles or foci of equal strength, both being at the same latitude,

while their difference in longitude is 180°, and let us draw a com-
plete circle of meridian passing through these poles (fig. 28).

ns start rom a point in this circle

under une of these poles and pursue
our journey eastwards along a circle

of latitude. At first the needle will

point due north. As we move east-

wards the needle will point west-

wards to the pole we are leaving
until we come to a region half-way
between the two poles, where it will

be equally solicited by each, and
will tMrefore again point due north.

Let us call the space we have travel-

led over since we set out A. As we
proceed the needle will now be under
the predominant influence of the
second pole to our right, and will therefore point to th3 east

until we arrive at the meridian under the second pole. This second
space which we have travelled over let us call B. As we proceed
we pass through a space C where the needle again points to the west
until being once more equally influenced by the two poles it will

point due north. After this we pass through a space D of easterly

variation until we arrive once more at the point from which we
started.

Thus there are now four spaces "instead of two, and these are

shown in fig. 23, where the centre of the circle represents the north

feographical pole of the earth, and its circumference the equator,

f pole 2 bo inferior in power to pole 1 the spaces B and will be
smaller in 6i;se than A aud D.

27. This last is an arrangement of things tiiat agrees very well
with the results of observation, if we add that the two poles are not
precisely 180° removed from one another in longitude. Fig. 30'
represents lines of equal magnetic variation in 1882. There are two
lines extending throughout both hemispheres at all points of which
there is no variation, and also an oval-shaped district in the
northern hemisphere throughout all points in the circumference of

which we have no variation. These facts are inconsistent with the

hypothesis of a single pole, but they are quite consistent with that

of two poles or foci of force, one in northern America and the other

in northern Asia, the former being stronger than the latter. In
order to see this let us take our stand at the great line of no varia-

tion which passes through North America and travel eastwards.

We are just south of the American pole or focus, while the Asiatic

pole or focus is nearly 180° off, and hence the needle points due
north. As we proceed[ eastwards we leave the American or strongest

pole to the westward of us, and hence we have a region of west
variation which we have agreed to call A. As we begin to approach
the eastern side of Europe we get nearer the Asiatic pole or focns,

and at length the line of no variation is reached, the tendency of

the American pole to pull the needle to the west being balanced by
the tendency of the Asiatic pole to pull it to the east. After this,

easterly variation predominates throughout a region B .until at

length we come to a point in the western boundary of the oval where
we may imagine ourselves to be directly south of the Asiatic pole,

while the American pole is nearly 180° distant ; once more tho
needle points due north. As we still travel eastwards we leave the

Asiatic pole, which is now the predominant one, to our left, and
hence we have here a region C of westerly declination. At length

wo come to the eastern boundary of the oval, where the tendency of

the Asiatic pole to pull the needle to the west is balanced by tho

tendency of the American or stronger pole (acting now towards the
right) to puU it to the east, so that we have once more a point of

no variation. After this the American pole predominates, and we
have a large region D of easterly variation until we travel round

once more to the point from which we started.

28. This train of argument receives, as we have already men-
tioned, corroboration from the fact that in the map of total force we
perceive two foci of maximum force, one in northern America and
the other in northern Asia, that in America being the strongest.

This evidence was not, however, in existence at the time of Halley,

and his hypothesis of two poles does the greater credit to his

sagacity, inasmuch as he had to deduce it from a comparatively

small number of observations of declination and dip, those of force

being altogether wanting.
29. We have hitherto spoken of two poles or, more properly,

foci of maximum force, the positions of which are of course best

pointed out in fig. 29 ; but we have seen that the existence of such

> We are Indebted for the admirable charts given In figs. 29-33 to the klDdnea
of the hydrographer. Captain Sir Frederick Evans, who, in order to save time,

allowed Ds to make nse of the Information be had embodied even befora It wu
o£BcI&liy pubUshe^I, and who UkewlM placed bla plates at our dlepofloL
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foci was firat conjectured from tho bohariour of tho Uncs of

variatioD or declination. Now it will bo noticed by looking at tho

variation map (fig. 30) that all tho lines of equal magnetic variation

appear to converge to a point in tho extreme north of tho American

continent This point ia not, however, coincident with tho chief

focus of force, which lies decidedly to its south ; but it is no doubt

Miucident with tho point denoting a dip of 90°, the locality of

which may bo inferred from the map of magnetic dip (fig. 31), and

it is likcwiso no doubt coincident with the position of a zero of

horizontal force which m.ay be inferred from the map of horizontal

force (fig. 32). Thus wo have a point to the extreme north of

America wliich has tho following properties .—(1) the various lines

of declination converge to it ; (2) tne needle points vertically down-

wards at it ; and '3) the horizontal force vanishes at it At this

Bia 29.—^The Earth's Magnetism as shown by the Distribution of Lines of Equal Total Force, in Absolute Measure (British miles), with tlie

Position of the Magnetic Poles and Equator,—approximately for 1875.

point therefore the horizontally balanced needle, having no hori-

lontal force acting upon it, will point in any direction.

This point is, stnctly speaking, the pole of verlicity, but, inas-

much as there is only one such point in each hemisphere, these may
for convenience eake be termed the magnetic poles, so that we speak

of two centres or foci of maximnm force and one pole in each hemi-
Bphera.

In the northern hemisphere Sir Frederick Evans' assumes the
stronger or American focus to be in 62° N. and 90° W., and the
weaker or Siberian focus in 70° N. and 115° E. In- the southern
hemisphere he assumes the position of the stronger focus to bo 65°

S. and 140° E., and of the weaker focus probably 50° S. and 130° E.,

these being thus not far separated from each other or from the
magnetic pole. The nearness together of the southern foci 13 itoI>-

Eut Vuufteo Weit Vai-jQjon

aa l»A\tr^Aiif^

Pio. SO. —Lines of Equal Magnetic Variation, 1882.

W<a> Vvuius

ably the reason why the total force is greater at the southern than
it is at tho northern fod.

Tho magnetic pole (of vorticity) in the northern hemisphere was
reached by Sir James Rosa in 1831. The position of vertical dip
was observed by him to be 70° 6' N. and 96° 43' W. Tho magnetic
pole (of vertici^) in the southern hemisphere was nearly attained

by the same navigator in a voyage made in 1839-43.
is jirobably 73i° S. and 147J° E.

Its j3ositio]>

Tho lino of no dip is called the magnelic or dip equator—its
position is given in figs. 29 and 31. The line connecting all th«.

' Htmunlait itanuaJ tor iht DnUilim ct tht Camfo— In iron BlUpt.
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points ^'IjiTe the magnetic intensity is least is called the dynamic
aquaior. It coincides very nearly with the dip equator.

30. Secular Variation.—The earth then as a magnet must be
supposed to have tivo sets of centres of force. We shall next
attempt to show that these centres cannot be regarded as constant
both in position and intensity.

It should be oremised that, while there is no well-established

evidence to show that either the pole ,,* verticity or the centre of
force to the north of America has perceplibly changed its place,
there is, oa the other hand, very strong evidence to show that wo
have a change of place on the part of the Siberian focus and also on
the part of its analogue in the southern hemisphere.
Table 1. (p. 166), given by Gilpin {Phil. Trnns., 1806)," exhibits

the change in the position of the needle in Great Britain from

Fio. 31.—Lines of Equal Magnetic Dip, 1882.

tne earliest observations np to the beginning of the nresent

century.

31. Between the dates reooraed in this table the needle has been
pointing more and more to the west, which implies either a relative

increase in the power of the American as compared to the Siberian

focus, or a motion of the Siberian focus from west to east On the

first supposition the lines to the eastward of the Siberian focus

—

-r

for instance, the lineof no variation depending on a balance between
it and the American focus—should be drawn in towards it, or they
should travel westwards ; but if the latter supposition is true, or

this focus has been moving eastwards while retaining its force, the

lines to the east of it should be found moving eastwards also. There

is strong evidence that the latter is the case, and that in the

northern hemisphere there has been a long-continued progression

FiO. 32.—Lines of Equal Horizontal Force, 1882.

to the eastwards of the system of magnetic lines on both sides of

the Siberian focus. In the southern hemisphere also we have proof

that the analogous focus has been travelling, not from west to east,

but from east to west.

32. There is some reason to believe that the eastward motion of

the Siberian focus has been recently reversed, and that it is now

going from east to west. Table II. shows the declination ol^serv6d

at Bushey Heath (Herts* durin" 1817-20, and at Kew from 1858

to 1882.

It would appear from Table II. that the maximum westerly

declination was reached in 1818, and that the needle has since that

date been travelling eastwards. A similar change has taken plaes

' Taken trom Walker's MagnelUm.
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at other stations ; and, although these changes are not strictly

inmultancous at the various stations, they have yet been sufSciently

general and near together in point of time to indicate that some

Table I.

—

Secular Change of Variation in Great Britain.

Obserrer.

Burroughs

.

Guntcr
Gellibrand .

Bond
Gellibrand.
Halley
Ualley
Graham
Graliam
Hcberdeu...
Gilpin

Gilpin ,

Gilpin

Gilpin
,

1580
1622
1634

1657
1665
1072
1692
1723
1748
1773
1787
1795
1802
1805

15 E.

OE.
6E.
OE.

22 W.
30 W.
OW.

17 W.
17 40 W.
21 9 W.
23 19 W.
23 57 W.
24 6 W.
24 8W.

11

6
4

1

2

6

14

Meao Annual
Westward
Cliange.

7-5

9-5

10-6

10-2

9-7

10-5

16

81
8-4

9-3

4-7

1-2

0-7

change has probably taken place in the movement of one set of the

magnetic foci of force.

S3. Halley sought to explain the four-pole theory and to account

Tabli II.

—

Changes of Declination in England,—at Bushey Heath
for 1817-20, and at Kewfrom 1858.

Declination West.
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for the secular change by imaginiog a solid globe or terella,^ con-

centric with the earth but rotating independently of the external

shell and having a slightly different period of rotation,—the shell

having two poles and the terella two others. While continuing to

admire Halley's sagacity, we shall not now be disposed to allow such

a constitution of the interior of the earth, but will rather be led to

look to some external influence as the cause of the secular variation.

While we have strong evidence that the Siberian focus has changed

its position, we cannot assert that the American focus has been

absolutely stationary, or that neither focus has experienced any

changes of force. On these points we must be content to be guided

by observation alone.

34. It has been supposed by some magneticians that it is possible

to compute with something like certainty the particulars of the

motions of the magnetic focL Hansteen more especially (1811-19)

computed both the geographical positions and probable periods of

revolution of this dual system of foci of force round the terrestrial

pole. Sir Frederick Evans has discussed in connexion with the sub-

ject all the most recent observations,* and points out two objections

to any such theory as that of Hansteen, viz., (1) that, while a mag-
netic turning point has been reached in certain regions, there are

large portions of the earth in which this change has not yet been

accomplished, and (2) that in certain districts of the earth very great

changes in force have taken place. " If we turn," he says, " to the

continent of South America and its adjacent seas, we shall find a

f'iminution of the intensity of the earth's force now going on ir a

remarkable degree. An examination of the recent observations

made by the ' Challenger ' officers at Valparaiso and Monte Video,

compared mth those made by preceding obser\'ers, shows that

within half a century the whole force has respectively diminished

one-sixth and one-seventh,—at the Falkland Islands one-ninth."

On the whole, while there is strong evidence that the Siberian focus

has until recently been travelling eastwards, and its analogue west-

wards, and evidence less conclusive that recently a turning point in

this motion has been reached, we are disposed to think with Sir

Frederick Evans that a formal theory like that of Hansteen does not

agree with reeent observations. We shall revert to this subject.

35. In Tables III. and IV. certain yearly values of declination,

dip, and horizontal force are give" for various stations.

Inequalities in ok connected with Terrestrial
Magnetism depending on the Sun.

36. As there is a marked likeness between the ways in which the

»un dominates over the two great divisions of terrestrial phenomena,
meteorology and magnetism, let us endeavour to describe the

sun's effect upon the latter by referring to its influence on the

former, the chief peculiarities of which are well known to all. We
find that the temperature of the air at a given station is subject to

a diurnal fluctuation having its minimum value shortly before sun-

rise and its maximum early in the afternoon. We find likewise

that the mean temperature for the day, as well as the amplitude of

this diurnal oscillation, depends upon the season of the year, both

being greatest about midsummer and least about midwinter. Now,
if this were the only manifestation of solar influence upon this

particular element, it would be possible to predict the temperature

for any hour of any day once the mean temperature, the diurnal

variation of temperature, and the modification of these for different

seasons of the year had been well ascertained. But this amount of

regularity is very far from taking place,—the march of temperature

being frequently interrupted, cloaked, perhaps even reversed, by

the advent of peculiar weather. Thus we may have very cold

weather in midsummer and very warm weather in mid^vinter, or

we may have a very cold afternoon and a very warm early morning,

by which means the ordinary conditions of temperature will be

completely reversed. In like manner weather interferes even to a

greater extent ivith the diurnal oscUlation of the atmospheric

pressure, so that, in British latitudes at least, it is only possible to

obtain this correctly by means of a long series of observations.

Weather, however, does not consist of a perfectly lawless inter-

ference with periodical phenomena, but is subject to laws of its own,

IBome of which we are beginning to discover. Sometimes weather

»nay exalt or depress the diurnal fluctuation of temperature without

«th»rwise affecting its character; but sometimes too the turning-

Oo.nts and the general appearance of this fluctuation are greatly

iufluenced by peculiar weather.

37. Now it is believed that we have something of this kind in

those fluctuations depending on the sun to which the elements of

terrestrial magnetism are subject. Let ns take the declination

u the most easily studied of the three magnetic elements, and

suppose that we are engaged in considering the traces denoting the

fluctuations of declination as derived from a set of self-recording

magnetographs in Great Britain. Here we shall at once be able to

recognize in an unmistakable manner the diurnal variation depend-

ing upon the position of the sun, in virtue of which a freely-

i

1 See Walker's Ta-ratriut and Cosmical Magnttism, where the subject is well

Clsc'.i3Scd.
« lo-i^a lect^e '.j the Royal Geographical Society, March il, 1S7S.

saspended magnetic needle reaches the easterly extreme of its range

about eig'nt in the morning, and the westerly about two in the

afternoon. We shall liko\vise perceive that the range of this

diurnal fluctuation is greatest at midsummer and least at mid-
winter. In fine, the characteristics of tliis fluctuation, depending
as they do upon the hour of the day and the season of the year,

are not very differeut from those exhibited in the diurnal fluctua-

tion of atmospheric temperature. But, however thoroughly we
may have ascertained the mean declination and its diurnal oscilla-

tion, as well as the modifications of these depending on the season

of the year, we shall nevertheless find it impossible to predict the

exact position of a freely-suspended magnet at any moment of a

particular day. Here then too we have something which may bo

called magnetic weather, and which interferes with the regular

progress of the systematic fluctuations of the magnet. Magnetic

weather has, like its meteorological analogue, a set of laws of its

oyfia, some of which we are beginning to find out. Sometimes
nugnetic weather may exalt or depress the diurnal fluctuation of

dii-lination without affecting its cliaractcr, but it is imagined that

at other times the turning points and general appearance of this

fluctuation may be greatly influenced by peculiar magnetic weathei

38. There b, however, a kind of magnetic change which, so fir

as we know at present, is not analogous to anything in meteorology,

and introduces an additional element of complexity in any attempt

to analyse the fluctuations of terrestrial magnetism. We mean the

well-known magnetic disturbances or storms which occur simul-

taneously in places very widely apart. Under these circumstances

it becomes a question how we can best deal in a ppactical manner
with this complicated system of things.

We do not think that with our present knowledge any better

system can be adopted than that first introduced by Sir Edward
Sabine in his discussion of the results of the colonial magnetic

observatories. Suppose that we have hourly magnetic observations

at a station, then first of all we should arrange these into monthly

groups—each hour by iticlf. We should then reject as distiubed

observations all those which differ by more than a eertain amount
from their respective normals of the same month and hour,—the

normals being the hourly means in each month after tlio exclusion

of all the disturbed observations. This method enables us, by its

exclusion of disturbances, to ascertain with much accuracy the true

form of the solar-diurnal variation of the magnetic elements at a

given place corresponding to every month of every year, provided

only that the observations are sufficiently numerous. On the other

hand it will probably fail in accuiately giving us the variations from

day to day of the ranges of these diurnal fluctuations caused by the

advent of peculiar magnetic weather,—inasmuch as the records of

the extreme effects of such weather will probably be cut off from

the undisturbed observations and reckonert among the disturbances.

For instance, it is known that the solar influence on terrestrial

magnetism varies from year to year, and it is suspected that there

are also short-period fluctuations of solar influence. It would not,

however, be a safe proceeding to attempt to estimate numerically

this last-mentioned element of fluctuation by taking the successive

diurnal ranges of those observations at any station, reckoned as

undisturbed, by the above process, and plotting them as successive

ordinates of a curve, and then supposing that tliis curve would give

ua a true graphical representation of solar changes. It would

rather probably represent such changes with the tops and bottoms

of the larger fluctuations cut off. But if the undisturbed observa-

tions fail in this respect we can hardly be wrong in supposing that

there has been eliminated from them, as far as possible, all influence

due to magnetic storms, and hence that they will afford us a much

better means of estimating small fluctuations, such, for instance, as

those due to the moon, than we could have had without their aid.

Finally, with regard to that portion of the observations selected

as disturbed, we are probably not certain that every such observa-

tion represents a true disturbance, or that the absolute times of

occurrence of the various observations selected as disturbed at one

station will be the same as those at another. Nevertheless Sir

Edward Sabine has shown that at the Kew Observatory certain laws

of disturbance deduced from the whole body of observations selected

as disturbed are closely reproduced when this selcctien is made on

a narrower basis—ninetj -five days of prominent disturbance being

alone taken. With these prefatory remarks we shallnow proceed

to discuss the diurnal inequality of terrestrial magnetism.

39 Tolal Diurnal Inequality Defined.—It will be seen further

on that disturbed as well as undisturbed observations are subject to

a diurnal variation, but these two variations arc different, and the

name diurnal intqualily is generally given to the compound varia-

tion which is the joint resultant of the two. Holar-diumal

variation is that portion of the compound inequality which refers

to undisturbed observations, while that which refera to disturb-

ances has received the name of diiturbanec-dutmal variation. It

would appear that in the United Kingdom, and perhaps through-

out Europe, the total diurnal inequality is not very greatly

differe-t either in character or range from its most important

I component the solar-diurnal variation, at least so far as the
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daclination is eoncemad. When the diurnal oscillatiob of a freely-

aospenJed nia^et was first obserrcd, the subject of magnetic

disturbances was not understood, and the early individual deter-

minations which have been handed down to us are not such as to

justify the expenditure of any very great labour upon them for

the purpose of separating the disturbed from the undisturbed rbser-

rations. Inasmuch, however, as the total diurnal inequality of

declination (which is in reality the element given by these early

observations) docs not greatly diiTcr from the solar-diurnal varia-

tion, we may with much justice and little risk of error give the

history of these early observations in connexion with that of the

solar-diurnal variation of dcclinatoon, which is by far the best

known, and perhaps the most important, of all the various magnetic

changes produced by solar influence,

40. Sclar-Dtvmal yariation of DaU'iaiion.—Graham, an instru-

ment maker of London, discovered in 1722 that a freely-suspended

magnetic needle is subject to a diurnal oscillation of definite char-

acter.' The next observer was Canton, who in 1766 began a series

of nearly four thousand obsorvations, which he communicated to the

Royal Society on December 13, 1769, and from which he concludes

that the range of the diurnal variation is greater in summer than in

winter. Macdonald's observations at Fort Marlborough in Sumatra
in 1795 {Phil. Trans., 1796), and Dupcrrey's in the tropics in 1825,

were jierhaps the first that might lead us to conclude that the

amplitude of the diurnal oscillations of the needle is less in the

tropics than in middle latitudes, and that the motion of the needle

in the southern honiisphuro is in the opposite direction to that in

which it moves in the northern hemisphere at the same hour.

41. Semiannual Inequalily.^—The existence of these early

observations had led some magneticians prematurely to conjecture

that there must bo a line somewhere near the equator at which
there is no horary variation in declination. In 1847 Sabine com-
municated to the Royal Society the results of five years' observations

it iSt >loIona, showing that at that station for the half of the year

beginnini; at the vernal and ending at tlie autumnal equinox the

motion of the needle corresponds nearly to that in the northern
hemisphere, whilst for the otner half it corresponds nearly to that in

the southern hemisphere. Sabineafterwardsconfirmed and extended
his conclusions regarding the semiannual inequality by discussing the

results obtained at the various colonial magnedc observatories. Store

recently, as the result of twelve years' observations at Trevandrum,
at an.obscrvatory established by the rajah of TravanCore, John
Allan Bioun gave in a very complete form, the laws of change
of the solar-diurnal variation of magnetic declination near the

equator, showing the extinction of the mean- movement near the

equinox.
42. Perhaps the best way of exhibiting what really takes place is

the following, which is that adopted by Sabine.
The mean annual value of the so!ar-diurnal variation is of what

may be called the northerly tyiie in places of middle latitude in the
northern hemisphere, and of wliat may be called the southerly type
in placed of middle latitude in the southern hemisphere. Now let

us take a northern station, and consider the mean form of its solar-

diurnal variation for the six months beginning with the vernal
equinox. Here wo shall have an oscillation of the northerly type
with a range greater than the annual range. For these six months,
therefore, we may imagine that the annual range has been supple-
mented by the superposition on it of a variation with a type similar
to its own. At the same station, during the other six months, the
solar-diurnal variation is less than the mean of the year, as if the
annual variation had been depressed by the superposition en it of a
variation A-.th a type the opposite of its own, that is to say, with a
southerly type. At a station in the southern hemisphere, again,
the mean annual form of the solar-diurnal oscillation is of the
southerly type, reduced during the six months beginning with the
vernal equinox by the superposition on it of a variation of northerly
type, and increased during the other six months as if by the super-
position of a variation of southerly typo. Thus when the sun is
north of the cquntor wa may superpose a variation of the northerly
typo upon both hemispheres, with the effect of in'^rcasing the range
in the northern hemisphere and diminishing it in the southern

;

and while the sun is south of the equator wo may superpose a varia-
tion of the eouthorn type upon both hemispheres, with the effect of
diminishing the range in the northern and increasing it in the
southern heniisjihcre.

Near the cciuator, as at Trevandrum, where Broun made his
obsevvations, we find the mean annual vaTuo of the solar-diurnal
variation to be extremely smalt, if not altogether evanescent.
During the six months beginning with the vernal equinox the type
is entirely northerly, while for the remaining six months of the year
it is entirely southcriy in character. In fine, at this station the
eolar-diurnal variation changes its character at the equinoxes, at
which time we have, as already observed, an extinction of the m<-an
movement,—not indeed an absence of all variation, but rather a

I See Walker, Termti-ial and Coimical Maf^nctism.
* Thil l8 the nnme iue<l by Sabine, but lu spproprlatencsA may perhape be

ijaestloned.

variation having an undecided character, which for a few days may
be of one typo and then »f the very opposite. There is movement,
but no mean movement.

43. In the following table (V.) the solar-diumal variation is

given fo' Kew, Trevandri.— , and Hobart Town. Of thess

places the first denotes a .lUition in middle latitude (northern

hemisphere), the second an ..luatorial station, and the third a

station in middle latitude (southern hemisphere).

II
<
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it length the monthly values of the solar-diumal variation at

Bombay. Broun has likewise (Trevandrum observations) discussed

at length the solar-diurnal variation at the Trevandrum Observa-

loij. It would hardly be of service to reproduce here the results

of these discussions; but when such analyses become sufficiently

Fig. 34.

extensive they may be expected to throw light upoH the cause of

thb solar-diurnal variation.

In the following table we have mean monthly values of the declin-

ation range at the Kew Observatory corresponding to forty-eight

points in the year—derived from sixteen years' observations :

—

Table YI.—Containing Monthly Means {unit= 22' Oi) for Forty-

eight Points in the Tear of the Kew Solar-Diurnal Declination

Ranges. Thus January (0) gives th^ monthly mean of which the

middle date is the very commencement of the year, January (1)

thatJot one week after the cvmmerutnnent, and so on.

Mea
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daU sulTiciently ictarato for a discusaion, in a complete manner, of

niicstions relating to solar periodicity before the time when Schwabe

Itad finally matured his sysUm of solar observations, which was

not until the year 18S2 We have, however, a much longer aeries

Bf the diurnal ranges of magnetic declination, which we have seen to

tsoo
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decUiiition and either element of force, and (2) those tending to

diminish the same. He finds that these two categories obey
different laws, from which he argues that there are at least two sets

of disturbing forces. In fact, ifwe have to give up the idea of a single

force of constant tj-pe, it is natural to ask if the phenomena of dis-

turbance can be approximately represented as due to the united
action of two independent types of force. It was probably some
such idea that led Sabine to separate disturbances into these two
categories above mentioned. Here there is no attempt to assert

that these two types represent an ultimate and complete analysis

of the forces concerned. We merely use the separation as the most
convenient method at our disposal in the present state of our know-
ledge for ascertaining whether there be indications of a dual
system.

54. JiemUs in the Northern Hemisphere.—Sabine's method of
viewing the phenomena has enabled hira to obtain the distuxbanoe-

diurnal variation for the following stations :-

Kew SI'

FekiKK _ 39
Nertchlnek. _ 81
Toronto 43
Port Kennedy 72
Point Barrow 71

The above stations have been
regarded as on one side and Peking and Nertchinsk as probably on
the other side of the Asiatic pole, while Toronto may be regarded
as on one side and Port Kennedy and Point Barrow as on the other
side of the American pole (§ 29). The question as to what
influence, if any, these poles have upon the disturbance-diurnal
variation of declination is thus one which may be answered by
examining the results obtained at these various stations. For this

purpose, instead of recording the aggregate disturbances at the
various hours, the result is expressed in ratios,—the mean hourly
ratio for the day being taken as unity, or in other words the whole
body of disturbances for the twenty-four hours being reckoned as

twenty-foUr. The results of this method are graphically represented
in iig. 37, where in the left-hand curves Kew time is used, and
in the right-hand curves local time, each starting at O''.^

29- K. lat.
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Table VIII.

iMal
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tions of short period hitherto discussed are not necessarily accom-
jianied by a permanent change of mean position of the needle. We
have now to inquire whether there be any fluctuations of long
period (besides the secular change discussed in §§ 30-33) tending
to alter perceptibly the position of the magnetic needle. This leads
us at once to the sEnual variation, for our knowledge of which we
must look to the later-made and more accurate observations, in

which all possible sources of error have been carefully eliminated.

Broun has made an exhaustive experimental inquiry into the various

sources of error which could possibly influence his declination

needle at Trevandrum. His conclusion was that the variations

of torsion of a well-made thread are not suflBcient to produce a
sensible eflect upon the position of a powerful magnet. In fact

Grubb's piagnet, weighing 6000 grains, and Adio's, weighing 1100
grains, give almost identical results. We may extend these con-

clusions to other observatories where well-devised instruments have
been established, and look with much confidence to such instru-

ments registering correctly the secular as well as the annual
change of declination that may be taking place at each locality.

65. The following table (XIII.), borrowed, with the exception of
the Trevandi-um and Bombay results, from E. Walker's Terrestrial

Magnetism, shows the annual variation at seven stations :

—
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(1) The dinmkl rangee of the magnetic elements of declination

and horizontal force are subject to a periodical variation, tho

doration of which is equal to that of the known eleven-year sun-

8|>ot period.
• (2) The epochs of minimum and- maximum of magnetic and sun-

spot effect are nearly coincident, the magnetic epochs on the whole
occurring somewhat later than the corresponding sun-spot epochs.

The variations of duration in different periods anpear to be similar

for both phenomena.
(3) The occasional more sudden outbursts of magnetic and sun-

spot energ)', extending sometimes over periods of several months,

appear to occur nearly simultaneously, and progress collaterally.

71. Dislurbana-Diurnal Vacation of Force Components.—We
may derive the foUoning conclusions from the results obtained by

Sabine for the observatories of Toronto, Kew, and St Helena. For

each element there are two categories, namely, those disturbances

which tend to increase and those which tend to diminish the

element in question.

(1) At Toronto the disturbances increasing both elements of force

well represent single progressions with maxima occurring for both

about 4 or 6 hours local time. Again the disturbances decreasing

both elements represent fairly well single progressions with maxima
occurring for both at about 1-1 or 15 hours local time.

(2) At Kew the disturbances increasing both elements represent

well single progressions with maxima occurring for both about 5

hours local time. On the other hand, the disturbances decreasing

the horizontal force represent signs of a double progression and

those decreasing the vertical force signs of a single progression, the

maximum for the latter falling between the two maxima for the

former, and occurring at 14 hours local time.

(3) There is not the same close correspondence between the

progress of tho disturbances which tend to increase both elements

nor between the progress of those whicti tend to decrease both

elements at St Helena as there is for the other stations, nor is there

the same likeness between the numbers for St Helena and those of

Toronto or Kew as there is between the numbers of Toronto and
those of Kew.

72. The fact that tho disturbance-diurnal variations of the t\vo

force elements at Kew are very like each other while neither of

them is very like the corresponding declination variation (§ 54)

receives confirmation from a visual inspection of the Kew curves.

In the Philosophical Transactions for 1862 Stewart thus describes

the result of an inspection of the disturbances of these curves for

the years 1858, 1859, 1860 (disturbance years) :—

"There are twenty-two cases In whicli the declination is raised or lowered
long with the horizontal force, and only seven cases of an opposite description.

Aho there are twenty-two cases In which the declination is raised or lowered
along with the vertical force, and only eleven cases of an opposite description.

Finally, there arc thirty-one cases in which both forces are raised or lowered
togrether, and only two cases of an opposite description. There Is thetefore a
decided tendency in the corves of all the elements to be raised or lowered simul-

tancoualy, but this tendency Is stronger between the horizontal and vertical force

CQTVca than between either of these and the declination. It may at the same
time bo affirmed that with tho exception of the disturbance of August to Septem-
ber 1H59 there Is no very prominent case In which the three elements do not rise

or fall together."

73. Peaks and Hollows.—These are certain small but abrupt mag-
neti- changes which from the fact that they generally fall within
the separating value arc not usually regarded as disturbances. These
changes can only bo brought to light where there is a continuous

record of magnetic phenomena such as that derived from self-

recording magnetographs. They were first studied at the Kew
Observatory by Stewart {PKil. Trans., 1862). We have seen that

more than one type of force must be concerned in producing
magnetic disturbances. This is confirmed "by the appearance of the

Kew records, from which it nlay be seen that no disturbance of any
ma^iitude is duo to the action of a single force varying merely iu

imount but not in direction. For if there were only one type of

force the distance at any moment of a point in the curve of^ one
of the elements from its normal position should bear throughout a

disturbance an invariable proportion to the distance of a correspond-

ing point in the curve of another of the elements from its normal

;

but this is by no means the case.

But oven if several independent forces are at work it may be

thought unlikely that at the same moment a sudden change should

take place in all ; there is thus a probability that sudden changes

offeree, as exhibited in peaks and hollows, are changes in one of

tho elementary forces concerned. Even if tho change is not a very

abrupt one, provided that we confine ourselves to such peaks and
hollows as present a similar appearance for all the curves, wo may
suppose that we are observing changes in one only of the elementary

disturbing forces ; for it is unlikely that two or more independent

forces, changing independently, should produce similar appearances

in all of tho three curves.

Assuming it as probable that similarity of appearance in the

curve variations of the three elements denotes a simplicity in tho

Disturbing force, Stewart has discussed all such peaks and hollows

at Few extending over the first two years of their production, and

has obtained a result which is embodied in the following table:

—

Table XVIII.

—

Hourly liatios nTid Frequency of the Kew Peaks
and Hollows, tlie Vertical Force ZHsturbance being taken as

Unity.

^

Hour.
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Station.
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lination, wliilo tho effect of numer-

[terekst^ial magnetism.

than to increase th« westerly

cii<i sun-spots is to increase it. Again, at tho Cape tho tendency

t.f disturbances is to increase tho westerly declination, while that of

numerous sun spots is to decrease it. At Trevandrum again (if wo

judge of it by Bombay) tho effect of disturbances will bo to increase

the easterly dcclinution, whili that of sun-spots is to decrease it.

Again, it is believed that at Kew and Toi-onto the supposed disturb-

ance effect on tho din agrees in character with tho sun-spot effect.

On tho whole, Iheroforo. there is no definite r-ilation between the

two effects. , _ , ...
Now if we take Hobart Town, tho Cape, and Trevandrum m the

4bovo Uble, wo find from Table XIX. that these stations seem

to indicate that tho magnetic slate of tho earth is most powerful

at times of (naxinium sun-spots. Kow and Toronto, however,

o far as declination and diji aro concerned, appear to go the

other way. If, liowevcr, wo suppose that during the several

years of niajimiim sun-snots tho American polo as well as the

Siberian is affoctoil, and tliat on such occasions of long continuance

tile former has more influence than tlie latter, wo shall bo able to

reconcile our results with the hypothesis of increased solar action.

We can understand too that time must bo an important clement in

any influence communicated to tho American pole, and that, although

such influence might bo anparent at Toronto and Kew, which aro

comparatively near tho polo, it would uot be ajjparent at the other

stations of Table .XXI. We shall recur to this subject when dis-

cussing secular change.

Various PnE.soiiENA connected with the Sun and with
Tekrestrial Magnetism.

83. Closeiuss in Time bclween Solar Changes and Magnetic

Disturbances.—lyoomis (American Journal of Science, vol. I.)

has registered tho e.tteni of sun-spots for the six days preceding

and following each of tho great magnetic disturbances at Green-

wich, and has compared these values with that for the very

day of the disturbance. In this manner he has treated all the days

of great magnetic disturbance at Greenwich for a period of tiventy-

threo years, with tho e-^cejjtion of those cases in which very few

observations of sun-spots were made. The cases of disturbance

thus treated amount to one hundred .and thirty-five, and the

following result has been obtained :
—

Table WW.—Extent of SpotUd Solar Surface.

Days before Storm. Storm. Days after Storm.$fi4391 1234S6
l«-i> Ml M-8 S3-5 533 489 BTB 490 451 493 45-6 43-2 45-3

From this result Loomis draws the following conclusions:—

<1) great disturbances of the earth's magnetism aro accompanied
by unusual disturbances of the sun's surface on the very day
of the magnetic storm

; (2) tho great disturbance of the sun's surface

which accompanies a terrestrial magnetic storm is generally heralded
by a smaller disturbance three or four days previous, succeeded
by a comoarative calm which immediately precedes tlie magnetic
storm.

84. There is one instance on record of a sudden solar cnange
•which was pi-actically simultaneous with a magnetic disturbance.'
On September 1, 1859, a little before noon, R. C. Carringion
was observing by means of a telescope a largo sun-spot, when, to
quote his o^vn words

—

" Within the arta of the greit noilh Rroup (the elzo of which had previously
excited general rerimrlt) two patches of Intensely hriglit and white light broke
OUT. ... I noted down tho llroo by tho cluonometer. and. seeing tlie outbuist
to be very rapidly on the Increase, and being somewhat flurried by the sui-prlse,
I hastily ran to oill some one to witness the cxhibiWon with me, and on returning
withlo sixty seconds was niortllled to find that It was alieady much changed and
enfeebled. Very shorOy afterwards the last trace was gone; and, altllough I
maintained a strict watch for nearly an hour, no recurrence took place. . . . The
Instant of the firat outburst was not fifteen tccojids different from 11^ 18a Green-
wlch mean time, and ll<'23'n was talscn (or the time of disappearance. In this
Upio of five minutes, the two patches of light traversed u space of about 35.000
miles. ... It was Impossible, on flist wilneasing an appearance so similar to a
sudden conflagration, not to expect a considerable result in the way of alteration
of the details of the group In which it occurred; and I waa certainly surpHsed
on referring to the sketch which I had carefully and satisfactorily finished before
tho occurrence, at finding myself imablo to recognize any change whatever as
having taken place. Tho impression left upon mo is that tho phenomenon took
placo at an elevation considerably above tho general surface of tho sun and
accordingly altogether above and over the gieat group In which It was seen nro-
iectcd. ^ .

^

•' It has been very gratifying to mo to learn that'Mr Hodgson chanced to bo
observing tho sim at his house at Holloway on the same day, and to hear that he
was a witness of what ho also considered a very remarkable phenomenon."

At the very moment wheii Carrington observed this pheno-
menon the three magnetic elements at Kew were simultaneously
disturbed. This disturbance «ccurred as nearly as possible at
111" 15" A.M., affecting all tho elements simultaneously, and
commencing quite abruptly. Tho first or most abrupt portion of
the disturbance lasted only about three minutes for all the
elements ; bat after that there was a more gradual change in the

' fliil. Tranl.. Novci .her 31, 18C1.

Mean of
135 Days.

|

same direction before tho curve turned. This more gradual con-

tinuation of the first sudden movement lasted about seven minutes

for all tho elements. This magnetic disturbance was, however,

in reality a small one, and was foliowediy a very great disturbance

which took place not many hours afterwards.

85 SinnitlancUi/ of Changes ofBorizontal Force at Various Parts

of the Earth.— ^\'a have already (§ 79) alluded to the superiority

of the horizontal force in indicating by its changes what is taking

place in the magnetic system of the earth. If this system be

strengthened as a whole we shall no doubt find the horizontal force

increased in value at our various stations, while if the earth's power

be weakened as a whole we shall find the horizontal force diminished.

Broun has discussed this subject at' great length in a memoir

already mentioned, and has embodied his observations in numerical

results from which tho following table has been extracted:—

Table XXIII.

—

Daily Means of Ecrizoiiial Force at Makerstoun,

(M.), Trevandrum (T.), Singapore (S.), and Hobart Town (H.).

1814.
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must be nearly twenty-six Jays. This assumes tliat tlie mciiilian

of iicculiar iinwer is fixed on tlie solar surface. It does not, however,

seem imiiossible to imagine that such a meridian may have a j-roi^er

motion of its own. and indeed the planetary hypothesis of the origin

of sun-si>ots would rather lead to this conclusion. But if this be

the case we shall be unable to deduce from recurrent magnetic dis-

turbances the true value of the period of solar rotation.

87. Repetitions of Magnetic Changes.~J. B. Capello, dii-ector of

the Lisbon observatory

[P^c. Roy. Soc, October

1868), has remarked

that at peiiods of dis-

turbance there are

nearly synchronous
movements of the de-

clination needle during

corresponding hours for

two, three, or more
days. He thus describes

these phenomena:—
" In some cases the re-

petition Is oi'Iy in two or

three parallel movements;
In others Ihi-Te are true

peilods of reperitlonof some
hours In dural ion. The
repeated peiloda are ntit

entiielyBltitUar. their phases

being so modified thttt in

some cases their identity can

only be recojrnlzed by a

very minute investigation.

The same periods, when re-

peated, have not always
the s-itne total duration ; nor

do they recommence at the

same precise hour, but
sometimes tailier and some-
times Ittte-r, the diEferences

varying from a few minutes
to two or three hours. We
also see that the greatest

number of repetitions be-

long to the night hours,

that Is to say, those hours
when the movements of the

needle are easterly. In the

morning hours there do not
appear to be any well-

marited repetitions. There
are twenty-four examples
now Klven, fifteen of which
show repetition on two
days, eiclit on three days,

and only one wheie the
curve appears repeHted for

(our days. It appears that

rtl the facts exhibited in

these exiimples agree with
the cosmical theory; the

lause (existing in the sun
••r in' Bpacf) appears to con-
tinue sometimes during two,

three, or seveial days with-

out undergoing remarkable
transfunniitions. The i-e-

petition, being sometimes
earlier sometimes later,

seems also to indicate that

the cause possesses a proper
iDorement; the cause ptr-

sists, but only comes again

Into operation when the

earth by Its diurnal rota-

lion Is placed in a similar

position or conjunction to

thatof the preceding days."

Stewart, having com-
pared Capello's curves

with the corresponding

traces of the declina-

tion at Kew, found that

the Lisbon disturb-

ances are almost in-

variably reproduced at

Kew at the same time,

only to a greater ex-

teirt, and also that the

same amount of simi-

larity which thevarious

Lisbon curves exhibit is exhibited in the corresponding Kew curves.

The strongest point in favour of the hypothesis is, he thinks, ** not

so much the repetition of a single disturbance as the repetition

of a complicated distui'Unce in most if not all of its sinuosities."

Several examt.les of this occur in the diagrams. It would seem

that something of the above nature was susjiected by Humboldt,

the earliest investigator of disturbances. Humboldt was astonished

to discover the frequency with which nocturnal jierturbations

occurred. i>ometimc3 rt'curringat the same hour ou several successive

Tablk XXIV.

—

Ca^es in which the Earth's Magnetic Force ilimin

ished One-thousandth of its Value or utore in 1844-45 (g 86J
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nearly at right angles,—in tho polar regions five such 'arches have

been seen at onco ; (3) slender Luminous beams or columns wcU-

dofincd anJ ofteu of a bright light; (4) tho corona, tho centre of

which is invariably near tho magnetic zenith, but not always

exactly coincident with it ; and (5) waves or flashes of light

90. Auroras exhibit tlie same annual variation as magnetic dis-

turbances, and are most frequent about the equinoxes—a fact first

observed by Maizan. Kat-mtz in his Mdeorolo^ gives the follow-

ing table, which is appUoable to European auroras.

Table TiXTl.—Monthly Frequency of European Auroras.

Jan.
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Table XXX.

—

Mean Lunar-Diwmal VarialUm in Deelinalion.

Lnn&r
Hoar.
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Hroun. Charles and Frederick Chambers, Elior, and Hill, ana the

foUowin" conclusion is the result of their labours. AV e may assume

that the Indo- Malayan region has for the mean of the year a

barometric pres.sure probably below the general average of the

earth. We mi"lit therefore imagine that during yeara ol powerful

solar influence this peculiarity would bo increased. >ow these

observers have found that in this Indo-Slalayan i->gion the

barometer is abnormally low during times of maxinium sun-

spots A"ain, western Siberia is a dUtrict which in the winter

icason has a pressure decidedly above the average, and we should

therefore ima^'iue that during years of powerful solar influence this

winter pre=>sure should be peculiarly high. But this is what

WaiiforJ 1ms found in hU discussion of the Russian stations to

correspond with years of maximum sun-spots.'

A'ain, Frederick Ch.-imbers has enunciated the fallowing laws as

rcsuTting from his discussion of various meteorological records:—

(1) Variations of the sun-spot area are succeeded some months

sfterwards in the Indo-Malayan region by corresponding abnormal

barometric variations, a high barometer corrcspontUng to a mini-

mum of sun-spots.^
. , „ r ^1

(2) ThLs la-'-ing behind is greater for easterly than for westerly

stations. In other°word3, this, like other meteorological phenomena,

apiiears to travel from west to east

We may therefore comludo that the barometric evidence as far as

it goes is in favour of the hypothesis that the sun is most powerful

at times of inaxinmm sun-spots.

105. Rai.ifatl—a'iqhta of Rivers and Lakes.—In 1872 Mel-

drum of the Mauritius -Observatory brought forward evidence

showing that the rainfalls at Mauritius, Adelaide, and Brisbane

were on the whole greater in years of maximum thauin years

of minimum sun-spots. Shortly afterwards it was showa by

Lockyer (Naiure, December 12, 1872) that the same law was

observable in the rainfalls at the Cape of Good Hope and Madras.

ilehlrum has since found that the law holds lor a great num-

ber of stations, including eighteen out of twenty-two European

oteervatories, with an average of thirty years' observations for each.

The results are exliibited in the follo\ving table (XXXI V.) ;

—

Itame of Observatory.
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Scientifically wc may regard the earth-as an engpie,- of which
the sun is the furnace, the etjuatorial regions tlio boiler, ami the

polar regions the condenser. Now this engine may be sniiposed to

work ill tlie following manner. Hot air anJ vapour are carried

along the upiicr regions of the atmosjihciv frofn the e'luator to the

Jiolcs by iheaiij of the anti-trade winds, while in return the cold

polar air is carried along the surface of tlie earth from the poles to

the equator, forming what is known as the trade-winds. When-
ever the snu's heat is most powerful both trades and anti-trades

sliould be most powerful likewise! But we live in the trailes r.ither

than in the antitrades—in the surface currents, mid not in the

upper currents of the earth's atmosphere. ^Vhen, therefore, the

sun is most powerful is it not possible that we might have a parti-

cularly strong and cold polar current blowing about os? The same
tiling would happen in the case of a furnace-fire ; the stronger the

lire the more powerful the hot draught up the cliimney, the more
powerful also the cold draught from without along the Hoor of the

room.- It might thus follow that a man stalidiiig in the furnace-

room near the door might be chilled rather than heated when the

furnace itself was roaring loudest. In fact temperature is a pheno-'

nienon due to many causes. Thus a low temperature may be due

(1) to a deficiency in .solar power, (2) to a clouded sky, (3) to cold

rain, (4) to cold winds; (5) to cold water and ice, (6) to cold pro-

duced by evaporation, (7) to cold produced by radiation into space.

IJlanford has recently showii that at certain Indiaii stations

a low mean temperature occurs when there is an unusually large

rainfall and a great amount of clouds, a result in accordance with

the conclusions ]ireviously enunciated by Professor Piazzi Smyth.
Records of maximum and minimum temperature must not there-

fore be too closely associated with a maximum and minimum of

solar power.

113. Considerations of this nature have induced Stewart to

imagine {Mature, June 16, 1881) that the true connexion between
sun-spots and terrestrial temperature is more likely to be disc jvered

by a study of short-period inequalities of sun-spots than by that of

the eleven-year period in which there is time enough to change the

hygrometric state of thi atmosphere and the whole convection

system of the earth. He has accordingly discussed at some length
two prominent sun-spot inequalities of shoit period (about twenty-

four days), and endeavoured to see in what way they afl'cct' terres-

trial temperature. From this it appears that a rapid increase of

sun-spots is followed in a day or two by an increase of the diurnal

temperature range at Toronto. Now an increase of diurnal tempera-
ture range most probably denotes an increase of solar energy, and
we are thus led to associate an increase of solar heat with a large

development of spots. This, however, is a point wliich requires

further investigation.

114. Gcifral Criiicbision,.—On the whole we may conclude that

the meteorological motions and processes of the earth are probably
most active at times of maximum sun-spots, and that they agree
with magnctical jihcnomena in rejircsenting the sun as most power-
ful on such occasions, although the evidence derived from meteor-
ology is not so conclusive as that derived from magnetism.

HvpoTiiETiCAL Views r.F.r.ARniN'G the Connexion bbtween^the
Sr.^iK OF THE Sux and Tehrestrial JIagnetism.'

115. Principles of Discussion.—In the following discussion We
cliiim only to advance a working hypothesis, with the view of sug-
gesting further im[uirics into the subject of terrestrial magnetism.
It .seems therefore desirable that we should limit ourselves to such
probable or possible causes as are known to exist and to operate on
the cartli. These various agents or cau.ses will be described, and
we shall endeavour to show I hat converging lines of evidence point
ill several cases to certain of these as being most likely to produce
tliat particular type of effect which is exhibited in terrestrial

magnetism. Tliis course will in our, view most readily suggest
further impiiries with the view of confirming or disproving the
v:irious points of- this working hypothesis. Believing that the
introduction of any unknown cause can only be justified wheu
known causes have been found insufficient to account for the pheno-
iiieiia in question, we have not advocated any direct magnetic action
of the sun upon the earth. We have refrained from this for two
reasons,— first, because from' what we now know of the sun it

appears to us unlikely that it should exercise aii influence of this
nature upon the earth, since a body at a high temperathro possess,
iiig very strong magnetic properties is unknown to us ; and,
secondly, we shall see further on that such an influence will not
explain the best-understood magnetic changes, nor is there in our
opinion any magnetic phenomenon for the explanation of which it
appears absolutely necessary to resort to this hypotheses. In fine,
without presuming to deny the possibility of unknown influences
of this n.iture, it does not appear to us that the time has yet arrived
when we are CiiUed upon to resort to such as ueeessary aids to the
discovery of further truth.

Ufi._ Nature of Solar F?7(^a(i^,^?3;-v-ft^s quite ceicain that there
IS I. -^variability in the visible appearance of the sun's disk, which
txhibits sometimes a comparatively large amount. o£_spotted area

whi'« on other occasions it is entirely free from spoti. Now it ha-s

been remarked by Thomson that were the sun an incandescent solid
its surface would become cool in a few minutes The astanishiiig
pio))erty which our luminary jiossessea of pouring out continnoiisly
a vast amount of radiant energy must unquestionably depend upon
machinery of great power by means of which fresli hot ]>aiticle.<

are rapidly brought from the interior to the surface, while _tlio>e

particles which have given out their light and heat ere rajiidly
hurried downwards to be recruited from the great storehouse of
heat, in the sun's centre. In fine, a gigantic system of convection
currents of this nature forms the essential condition without whicll
the sun would not be able to continue shining as it does.
The mottled apj.parance of the sun's disk as seen through a tele,

scope denotes no doubt the existence of a vaut system of ascending
and descending currents, the hot matter rising from beneath being
denoted by tlie biighter portions and the cold matter descending
from above by the darker portions of the structure. On certain
occasions and in certain regions of the sun the scale of these j.heno-
mena is greatly increased, and we have a huge up-rush of bright
and a corresponding duwn-rush of black matter—in fine, the well-
known sun-spot with its bright fnculous appendages. Whenever
sun-spots are very frequent we should therefore expect the'convection
system of the sun to be particularly powerful, and the great velocity
and size of the red flames or the higher portions of tlie convection
system observed around the sun's limb on such occasions confirm
us in this supposition. And if the convection system of tlie sun
be particularly powerful when there are most spots on its surface,
it would seem to follow that the radiation from our luminary should
on siiclr occasions be particularly powerful also. The spectroscupe
leads^ls to the same conclusion. It would appear from the obser-
vations of Lockyer and others that at times of maximum sun-spots
certain definite regions of the sun when examined spectrosc'opically
present all the appearances of a very high temperature.
We are unable to confirm these conclusions by direct observations

of the sun's heating power. Actinometrical determinations have
not yet been made wjth sufficient accuracy and persistence to decide
this point experimentally. We have, however, evidence of an in-

direct nature derived from terrestrial magnetism and meteorology
all teniling to make us think that the sun is most powerful during
times of maximum sun-spots. We, have seen that on such occasions
the solar influence upon the magnetism of the earth is peculiarly
powerful in more than one way, and that its influence on meteoro-
logy is then pectiliiirly powerful also, although we are mit so certain
of this latter fact as of the former.

We may therefore take it to be most probable that the sun is

most powerful at times of maximum sun-spots, and proceed from
this basis to pro|iound the two following questions :—in the first

place, what is the nature of the solar influence upon terrestrial

magnetism? and, secondly,'why is this influence so much more easily

t>erceived than certain forms of solar influence upon meteorology ?

117. Diurnal Magnetic Variations—Hypotheses regarding them.—
The various speculators on the cause of these phenomena have
ranged over the whole field of likely explanations. (1) It has been
supposed that the sun acts directly as a magnet upon the magnetism
of the earth. (2) It has been imagined that convection currents
established by the sun's heating influence in the upper regions of

the atmosphere are to be regarded as conductors moving across lines

of magnetic force, and are thus the vehicle of electric currents
which act upon the magnet. (3) Faraday, reasoning from his

discovery that oxygen is paramagnetic, and becomes weaker in its

power when heated, and stronger wdien cooled, supposed that the

sun by heating certain portions of the atmosphere renders them
less magnetic while others, not subjected to any heating influence

are rendered more magrietic. The action is equivalent to a dis-

placement by means of the sun of the magnetic matter of the earth,

and involves a displacement of the lines of force. Here too tho

solar action is associated with the great moss of the atmosphere.

(4) It has been supposed by Christie and bv Do la Kive that the

heat of the sufi jiroduccs in the atmosphere and in the earth thernio<

electric currents which produce the daily magnetic variations. I(

is not easy to perceive liow we could have thermo-electric currents

in the ui>per regions of the atmosphere, but there is no obvious

objection to the generation of such currents in the crust of the earth.

Thus the first hypothesis has no reference to the atmosphere what-

ever';, fhe second deals with the upper atmospheric regions, the

third with tho great body of the atmosphere, while the fourth, as we
have ventured to modify it, has reference to the crust of the earth.

118. Discussion of these Hypotheses.— Dr Lloyd and Sir C.

Chambers' have both shown that direct solar magnetic action will

not account for the peculiarities of the diurnal magnetic variation.

Again (§ 48) we have strong evidence that changes in the range of

the daily magnetic variation lag behind corresponding solar cliangis

in point of time. Now this kind of Behaviour isiuconsistent with

direct magnetic "action, and points ratherto an indirect magnetio

eflect caused by the radiant energy of the sun.

> Prae. Royal Jrith Academy, February 22. 1868 ;./*«. Ti-ant., 18CS.
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119. Let ns tliCTcfors dismiss tlie hypothwis of direct action and

consider that of Faraday. We know both from observations of the

declination and horizontal force {Proc. Boy. Soc, March 22, 1877,

and Pkit. Trans., 1880, p. 641) that the action of the sun in pro-

dacing dinmal variations of these elements is one and a half times

as powerful at epochs of ma.Timnm as it is at epochs of minimum
sun-spot frequency. It is hardly credible that there should be

such a great difference on these occasions in the sun's heating effect

upon the great bulk of the atmosphere. Meteorologists have never

observed snch a difference, nor is there any marked corresponding

inequality of diurnal temperature range. Meteorological evidence

is thus against the diurnal magnetic cjianges being due to the

heating op by the sun of the great mass of oxygen which constitutes

the magnetic portion of the earth's atmosphere. Again, ns there is

a preponderance of hot oxygen in the northern hemisphere during

the June and in the southern hemisphere during the December
solstice, there ought according to this theory to be a well-marked

annual variatiou of the magnetism of the earth, the northern hemi-

sphere being at the same time differently affected from the southern.

But there are no traces of such a phenomenon, the annual and semi-

annual variations which we have already described (§§ 64-67) being

of quite a different niture, and none of them very large.

120. Precisely the same objections apply with even greater force

to the fourth hypothesis. It seems impossible to allow that any
heating effect of the crust of tlie earth caused by the sun can be one

and a half times as great at epochs of maximum as it is at epochs

of minimnm sun-spot frequency.

121. We are thus driven by the method of exhaustions to look

to the upper regions of the earth's atmosphere as the most probable
seat of the Bolar influence in producing diurnal magnetic changes,

and it need hardly be said that the only conceivable magnetic cause

capable of operating in such regions must be an electric current.

Now we know from our study of the aurora that there are such
currents in these regions—eontinnons near the pole and occasional

in lower latitudes. A good deal has been said about the difficulty

of imagining a daily set of currents to be generated in regions of

inch imperfect conductivity, but we shall see by and by (§ 134)
that there seems ground for imagining that their condnctivity may
be much greater than has hitherto been supposed.

122. Ayuxlo^a between the Meteorological and iUignetieal Systems

Hf the Earth.—We have in the first place a zone of maximum ter-

restrial temperature, the middle line of which is nearly coincident
not only with the geographical but likewise with the magnetical
equator. Again, there are possibly in the northern hemisphere
two poles of greatest cold, wnich possibly do not greatly difl'er in
position from those spots which we have called magnetic poles or
foci- About the eoutnern hemisphere we have no information.

Furthermore we believe that the hot air is carried from the zone
of greatest heat to the place or places of greatest cold by means, no
doubt, of the return trades which blow in the upper atmospheric
regions. The hot air divides at this zone, one part blowing north-
wards in the northern and another southwards in the southern
hemisphere. Now this zone, from which the anti-tradej divide,
has an annual motion of its own, being found farthest north at the
June solstice and farthest south at that of December. Probably too
the northern system is strongest in June and the southern system
in December. If we now tura to the solar-diumal variation of
magnetic declination, we find here also a northern and a southern
system (§ 41), the type of the one being antagonistic to that of the
other. We find also that the northern system is strongest in June
and the southern system in December.

Again, it seems proHble from what we nave now saia that the
anti-trades, strictly speaking, have reference not to the geographical
equator and poles but to the zone of maximum and the poles of
minimum temperature. Now, turning once more to the diurnal
oscillations of the declination needle, it seems probable that the
direutions east and west must be interpreted as having a reference
not to the geographical but to the magnetical polo (§ 45).
These analogies must be taken for what they are worth. Our

object in introducing them has reference to the previous discussion,
from which we concluded that the magnetic influence of the sun is
probably duo to currents in the npper region of the atmosphere—
the cause of which we were content to leave in abeyance. Now
these analogies would lead ns to suggest that this cause, whatever
it is, may perhaps be found to bo related to the convection system
of the earth on the one hand and to the magnetic system on tho
other.

123. Analogies between Meteorological and Magnetical WeatTier.
These remarks are borne out by the further analogy which appears
to subsist betwixt what we have termed meteorological and mag-
netical weather. Let ns take the solar-diumal variation of declina-
tion. Not only is this variation similar in form to the diurnal
variation of atmospheric tempcratuiy (§ 87), but the ranges of the
two have a similar annual variation. And, as the element of
inet»orological weather affects the orderly match of the temperature
range, just so tho element of magnetical weather affects the orderly
marcb of the declination nm^a.

Furthermore, jnst as tomperature-rango weather progresses from

west to cast (§ 62), so declination-range weather would seem to pro-

gress in the same direction as the other (§ 52) although at a greater

rate. It will doubtless require a more extended investigation to

make ns quite sure of this latter point ; nevertheless we do not

perceive the validity of the objection that is sometimes made to the

hypothesis of progiess in magnetic weather on the ground that

magnetio influences are kuown to affect all portions of the globe

simultaneously. It will, we think, be perceived that in the above

statemcut no supposition whatever is made with respect to the rate

of propagation of a magnetic influence through the earth; this may
be instantaneous or it may not. It is supposed that we have her«

a travelling cause of excitement, say a travelling cause of currents

in tho upper regions of the atmosphere which progresses from west to

east and always produces its most marked effect above those regions

where it passes—just as the sun itself in passing from east to west

produces a magnetic effect the various phases of which travel from
east to west with the sun which causes them. We thiuk too that this

hypothesis of travelling causes of magnetio change is strengthened

by the facts observed by Capello and described in § 97.

124. If, however, the objection made to this hypothesis refers to

the fact disclosed by Broun (§ 85) that changes of , horizontal force

appear to take place simultaneously at distant parts of the earth's

surface, then we think that analogy should lead us not to deny the

possibility of a travelling magnetic excitement, but rather to suggest

the possibility of there being some meteorological influence wLicb,

like the magnetical one above mentioned, may be found to take

place simultaneously at different parts of the earth's surface. Now
Broun (Proc. Roy. Soc, May II, 1876) has given us preliminary

evidence for supposing that there are simultaneous barometric varia-

tions. For instance, there was a barometric maximum at Hobart
Town, Peking, the Cape, St Helena, Makerstoun, Singapore,

Madras, Simla, Ekaterinburg, and Bogoslovsk about the end of

March or first day of April 1845. There appears to have been a

simultaneous increase of the horizontal force of the earth at various

stations much about the same time, and there also appears to have
been a short-period maximum of spots on the solar surface. Broun
has likewise registered nimultaneous barometric variations at Singa-

pore, Madras, and Simla, for the first three mouths of 1846. From
these it would seem that simultaneous barometric maxima are

possibly coincident with rapidly increasing sun-spot areas.

Again is it not absolutely certain that if there is a sudden increase

of solar power this must mean an increase of beat communicated
to the earth, although it may be difficult or even impossible to

obtain experimental evidence of such a fact! All these are sub-

jects which require further investigation.

125. Further Remarks on the Solar-Diurnal Variation o/
Declination.—In § 24 we have asked how far the action of the solar-

diumal force upon a freely-suspended magnet is due to currents

acting directly upon the magnet and how far to a change produced
in the magnetism of the earth. Some light appears to be thrown
on this pomt by the behaviour of the needle at places near the

magnetic pole where the dipping needle is nearly vertical. On
opposite sides of this locality the declination needle points in oppo-
site directions. Now suppose that we have a set of such needles

placed all round this region. It seems a legitimate generalization

from the observations described by Sabine (§ 45) to conclude that
if we place ourselves above the centre of any of these needles at

8 A.M., and look towards its marked pole, we shall find it in every
case deflected towards the right, while if we look towards the same
pole at 2 P.M. we shall find it deflected to the left. Now if we
imagine that at 8 A.M. there are above these magnets (in the upper
atmospheric regions; electrical currents of which the horizontal

components form a set of positive currents flowing from the pole on
all sides, then by the known laws of such currents the marked pole

of all these needles will be deflected towards the right.' And if at

2 F. M. the resolved portions of snch currents should be flowing
towards the pole, then the marked poles of all these needles will be
deflected towards the left. It thus appears that this peculiar
magnetic behaviour might easily be explained by a hypothetical
distribution of currents. And in fact in such regions we have in-

dubitable evidence of the existence of currents in the upper regions
of the atmosphere. On the other hand this behaviour could not
easily be explained by the hypothesis of some definite temporary
magnetic system set up by the solar Influence in the earth, for in
such a case we should imagine that similar poles of all the needles
ought to be deflected towards the oole of tliis temporary system,
which is not the case.

126. Another point for consideration is the possible complexity
of the solar-diurnal variation. For we may imagine (1) that the
sun acts in such a manner as to produce a diurnal variation

; (2) it

may also act like the moon (§ 94) and produce a semidiurnal varia-
tion ; (8) these possible actions may bo accompanied by induced
currents in the tipper regions of the atmosphere and in the crust of
the earth ; (4) it is possible that the sun's rays may affect these
variations or some of them in the way in whicli Broun found that
the lunar variation at Trevandrum was affected bv the sun. It
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was found by him that the lunar action was considerably increased

when the ouu was above the horizon of the jilacc.

127. We have pointed out (§ 119) that, wliile there is a marked
likeness in many respects between the diurnal variation of declina-

tion and that of atmospheric temperature, \vc have yet no long-

period Uuctuation of the diurnal range of temperature at all com-

parable iu magnitude to the magnetic fluctuations. It does not,

however, seem difficult to account for this difference if we imagine

that the magnetic fluctuations take their origin in the upper atmo-

spheric regions, while the temperature fluctuations are due to the

lower regious of the earth's atmosphere. For, as the sun increases

in power from times of minimum to times of miiximum sun-spot

frequency, we may imagine that a continuously increasing amount

of aqueous vapour will be taken into the earth's atmosphere.

Now the experiments of Tyndall and others induce us to think

that the air would under such circumstances become more and more

opaque for certain rays of the sun, and thus a continuously decreas-

ing proportion of the sun's heat would be able to penetrate into

the lower atmospheric regions. This latter influence would there-

fore operate to cloak, perhaps to a considerable e-xtent, the efl'ect of

the sun's increasing power ; and this may very well be the reason

wl.y the temperature range at the earth's surface does not e)diibit

the same eleven-yearly inequality as the declination range.

128. There seems, however, reason to believe that if wo go from

long to short period inequalities there is a much greater similarity

in the range of the magnetical and the meteorological clianges

(§ 113). The explanation seems to be that in the short-period changes

the sun has not time to alter sensibly the constitution of the atmo-

sphere, and hence the proportional increase of efl'ect experienced in

the upper atmospheric regions is more nearly the same as that

experienced near the surface of the earth.

129. Magnetic Disturbances.—There is strong evidence that the

most important disturbances break out very nearly simultaneously

at widely different parts of the earth, and that they even atfect both

hemispheres at the same time. Very little, however, is known
about the modus operandi of the forces concerned in producing such

disturbances. For instance, it is not known whether a disturbance

permanently affects the magnetic state of the earth, e.g., whether

one of the magnetic elements before a disturbance begins is sensibly

different in value from what it is after the disturbance has ceased

to exist. On the other hand we know (1) that disturbances break

out on the very day when there are rapid changes taking place

on the sun's surface (§ 83) ; (2) that they generally begin by
momentarily increasing the horizontal force, but that the type

quickly changes, so that during most disturbances the horizontal

force is diminished (§ 86) ; (3) that large disturbances take place

more particularly about the equinoxes, when, we have reason to

believe, the horizontal force of the earth is at a minimum (§ 77).

May wo not possibly conclude from these habits of action that at

times of disturbance the earth is magnetically in a delicate state of

equilibrium, perhaps having more magnetism than its surroundings

would strictly warrant, and being therefore inclined to part with

some, and that a sudden increase of solar activity, tending, as such

changes probably do, at first to exalt the magnetism of the earth,

nevertheless destroys its magnetic balance and gives it ultimately

the opportunity of parting with some of its magnetism ? This can

only be regarded as a speculation, inasmuch as we do not know
whether or not a disturbance produces any permanent influence

upon the magnetism of the earth.

130. Auroras and Earth Currents.—There is no doubt that these

phenomena denote electric currents in the upper regions of the

atmosphere and in the moist conducting crust of the earth. The
point in dispute is with respect to the origin of such currents.

Some are inclined to regard auroras as peculiar manifestations of

atmospherical electricity in high latitudes, while others imagine that

such displays are rather of the nature of induced currents generated

by small but -abrupt changes taking place in the magnetism of the

earth. The advocates of the first view do not deny that currents

taking place somehow in the upper atmospheric regions will have their

conditions modified, to some extent at least, by the inducing influence

of magnetic changes. Nor will the advocates of the induction hypo-

thesis he disposed to deny the possibility or even the certainty that

displays due to atmospherical electricity and not dissimilar to some
kind of aunora take place iu some region of the atmosphere. But the

first party regard auroras rather as the cause than as the efl'ect of mag-
aetic changes, whereas the advocatcsof induction regard such displays

Tatlier as the etTect than as the cause of changes somehow produced

in the magnetism of the earth. And here it is desirable to remark
that the advocates of the induction hypothesis take for granted the

magnetism of the earth and the changes thereof as phenomena for

which they do not profess to acconnt, whereas unless we go to some
absolutely unknown cause (and this is against our present pro-

gramme) we must look to atmospherical electricity as likely to throw
light upon the origin of terrestrial magnetism. We cannot therefore

dispense with regarding atmospherical electricity as an agent which
may have played an important part in the development of the

present magnetical condition of the earth, but we are yet of opinion

that, under the present state of things, the theory which holds by
atmospheric electricity must largely be supplemented by the induc-
tion hypothesis if it is to explain the peculiarities in type or form
of the phenomena which observation brings before us.

131. Professor Tait in his essay on thunderstorms attributes one
kind of amora to atmospherical electricity. Such an aurora is, he
believes, the manifestation of almost continuous discharges, like

those given by a Holtz machine in a vacuum tube. The cause is

condensation of vapour going on very slowly in very large spaces of

air. The electricity is due to previous contact of particles of air

and vapour. The result is that the air-particles in the mixture in

time acquire a definite dili'erence of potential from those of vapour,

—

so that, when the latter aggregate, a misty region well charged is the
result, and this discharges to the oppositely electrified air all round.

132. Again, Prolessor Stokes, without attempting to account for

the origin of atmospherical electricity, has produced an hypothesis
with the view of explaining the intimate connexion subsisting

between auroral displays, earth currents, and magnetic changes on
the one hand and outbursts of sun-spot activity on the other. His
idea is that two somewhat distant atmospheric regious A and B are

charged, let us say, with positive and negative electricity respec-

tively ; A induces in the ground below it a charge of negative, B a

charge of positive electricity. At first things are held in this state

:

A cannot discharge either through the upper atmospheric regions

to B or through the lower regions to the ground beneath it, while

B is in a position precisely similar. Presently, however, an increase

of the radiative power of the sun is produced. Such an increase

would probably imply not merely an increase in general radiation

but a particular increase in such actinic rays as are absorbed in the

upper regions of the earth's atmosphere. The layer of atmosphere
between A and B will therefore greedily absorb such rays, its tem-

perature will rise, and, as is known to be the case for gases, the

electrical conductivity of the stratum will be increased. A dis-

charge will therefore ultimately take place iu the upper regions

between A and B ; this will relieve the charges of negative and
positive in the ground itnmediately beneath A and B, and these

charges will therefore rush together through the ground, producing

an earth current. This earth current will be in the opposite direc-

tion from the atmospheric current, and the two will combine to

represent, virtually at least, if not absolutely, a closed circuit. This

will of course affect the earth's magnetism and produce a disturbance.

133. This hypothesis certainly affords a good expl'anation of the

promptness with which disturbances foUow increa.sed solar activity

(§ 83). Unless we are to resort to some unknown cause it is difli-

cult to think of any other possible explanation of this fact. Such
an explanation appears too to receive corroboration from the fact

(§ 97) that the lunar influence on the earth's magnetism as observed

at Trevandrum is greater during the day than during the night,

—

greater possibly too at times of maximum than at times of minimum
sun-spots. We are therefore disposed to accept this explanation of

the way in which increased solar activity produces magnetic dis-

turbance as tho best that has been brought forward.

134. This does not, however, decide the disputed point how far

these elevated currents arc due to atmospherical electricity and how
far to induction. The argument against the possibility of induced

currents in these regions is derived from experiments with vacuum

tubes, such as tho.se recorded by Messrs De la Rue and Miiller, which

would seem to indicate that enormous differences of potential would

be required to produce electrical currents in elevated regions, where

the atmosphere is very rare.

Indeed, on account of these experiments, the measurements of

the old observers, who sometimes assigned a height of more than

100 miles to the aurora, have been called in question, and it baa

been supposed against direct ob.servation that these phenomena must

always occur in regions much less elevated. It would'appear too

that such reasons were influentiaNin determining Profe>sor Stokes

to regard the aurora as produced by Atmospherical electricity which,

as we know from ordinary lightning, presents us with enormous

differences of potential ; but it is to be remarked that he has care-

fully guarded himself against the possibility of laboratory expeii-

ments with vacuum tubes not being strictly analogous to that which

takes place in the upper atmospheric regions. JJow it would appear

that recent experiments by Hittorf throw some doubt upon the

strictness of this analogy. The high difference of potential required

to force the current through vacuum tubes is, according to this

observer, due in great part if not entirely to the passage of the fluid

from the terminal to the residual air of the tube, so that the poten-

tial requisite to pass a current through a tube of double length 'is

not sensibly greater than that required for a tube of single lengths

The whole subject is one which demands further investigation;

meanwhile we are not disposed to assert the impossibility of iudue-

tion currents taking place in the upper atmospheric regions.

135. Let us now consider whether the form or type of the earth

currents observed during disturbances favours the presence of induc-

tion to any sensible extent. The remarks of Dr Lloyd already

quoted (§ 93), which are confinned by the Greenwich observations,

seem to be decisive in this respect. These may be interpreted in
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Uia following minner. In a magnetic distuibanco wc Imve fro-

fluently a general displacement of the various elements—the hori-

zontal force, for instance ; now on the curve which represents this

slow but considerable displacement a largo number of comparatively

vnall but very abrupt changes are superimposed. These latter

*PI)earances are invanably accompanied by quick and strong alter-

nations from jiositive to negative of the earth currents, while the

former slow motion, although it may be of largo range, hardly

appears to have any galvanic equivalent at all This w'ouM appear

to favour the induction hypothesis, according to which small but

abrupt magnetic changes should give rise to strong earth currents

iilteruately positive and negative without reference to the position

of the magnet above or below its noimal at the time.

136. Another fact bearing upon this hypothesis is that mentioned

in § 8S. From this it woiud appear that on ordinary occasions the

carves recording the progress of the declination needle at Kew and

Stonyhurst are as nearly as possible identical, but on occasions of

ilisturbance the range at Stonyhurst is greater than that at Kew by

ao amount not appaiently depending so much on the magnitude of

the disturbance as on its abruptness. The introduction of the

element of abruptness would appear to be in favour of the mi-t-

iug up to some extent of induced currents with the chenomena in

nuestion.

137. Sir George Airy has not been able to detect any resemblance

in form between the regular diurnal progress of the magnet and that

.f the earth currents. It seems, however, possible that the peaks

and hollows alluded to in § 73 may form an important and integral

part of the daily magnetic movement, and there even appears to be

some evidence that the diurnal progress of the earth currents bears

a nearer resenrSlance to that of the peaks and hollows than it does

to the progress of the smoother curve which is iisually held to

represent the diurnal variation. But this is a question which can

only be decided by more prolonged investigations.

13S. To conclude, there can be no doubt that at times of great

msgn'etic disturbance we have currents in tho upper atmospheric

regions and in the crust of the earth which, so far as we can see,

must either be due to atmospherical electricity or to induction, or

to a mixture of both. The proportions of this mixture can only be

decided by further inquiry and by the multiplication of stations

where atmospherical electricity and earth currents maybe observed.

It ought to be mentioned that the experience of the Kew ofcservens,

as far as this extends, seems unfavourable to the hypothesis of a

connexion between auroras and atmospheric electricity.

139. Lxinar-Semidiurnal Variation.—From the fact observed by
Broun (§ 98) that the moon's magnetic influence is as nearly as

possible inversely proportional to the cube of the moon's distance
from the earth, it is impossible to refrain from associating it either
directly or indirectly with something having the type of tidal action,

but in what way this influence operates we cannot tell. Is it

possible that the earth currents observed by A. Adams (§ 101) are

induction currents generated in the conducting crust of the earth
by the magnetic change caused by the moon,—inasmuch us these
cuiTents were found by him to be strongest in one direction about
the lunar hours 3 and 15, when the lunar-diurnal magnetic effect

is changing most rapidly in one direction (§ 95), while they were
found to be strongest in an opposite direction about the lunar hours
9 and 21, when the lunar-diurnal magnetic effect is changing most
rapidly in an opposite direction!

140. We might perhaps expect from the analogy of the tides that
the sun should possess a semidiurnal magnetic effect similar in type
to that of the moon. Now Sir George Airy in his analysis of the
earth currents observed at Greenwich {Phil. Trans, 1870) during
days of tranquil magnetism hao detected in such currents a semi-
diurnal inequality having maxima in one direction at solar hours
3 and 15, while it has maxima in the opposite direction at solar hours
9 and 21. The reference to solar hours in this inequality is thus
precisely similar to that which the inequality observed by Adams
bears to lunar hours.

141. If there are induced currents of this nature In the crust of
the earth, we might naturally suppose that there will be correspoud-
ing currents iu the upper regions of the earth's atmosi)h€re, and in
accordance with the suggestion made by Professor Stokes (§ 132)
we might perhaps suppose that these currents will be strongest when
the upper atmospheric regions are heated by the sun and thereby
rendered better conductora. Is it not possible to suppose that the
influence of daylight upon the lunar magnetic effect discovered by
liroun (§ 97) may be due to this cause, and may it not also induce
us to recognize the possibility of a maximnm lunar influence {§ 99)
at times of maximum sun-spots, when there is reason to believe that
solar radiation is most powerful ?

142. Secular Variation.—Sahxae and Walker are agreed in
regarding this variation as cosmical in its origin, and they are
apparently of opinion that it is caused by some change in the con-
dition of the sun. It seems dillicult if not impossible to attribute
it to anything else, since tlic terella of Halley cannot be now
regarded as having a physical existence. Again it is more than
possible—it is probubie—that there are solar variations of much
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longer period than eleven years. On the other hand tho evidence

given in 8 81, tending to show that an access of sun-spots produces a

change in the magnetic state of the earth consistent with the hypo-

thesis that the magnetizing power of the sun has then been

augmented, requires to be confirmed by more observations ; and

even then it is certain that this magnetic chango produced by a

considerable change in spotted area is extremely small. We cannot

therefore regard the very large secular magnetic change as due to a

non-cumulative magnetic influence of some long-contiuucd solar

variation ; nor does it seem possible to attribute the change to

solar influence at all unless we regard this influence as producing

results of a cumulative nature.

It is possible, however, to regard solar influence as producing a

cumulative effect in one of two ways, or by a combination of both.

For (1) time is necessarily an elemeut in any influence acting upon

the hard-irou system of the earth—presuming the earth to possess

such a system. There are in fact indications in the results of § 82

that a system of tliis kind is perhaps connected with the American

pole
;
yet, even allowing the influeuce of time, it seems dithcult to

account for the peculiarities of the secular variation by an hypo-

thesis of this nature. But (2) any long-continued vari.ition of solar

power would no doubt act cumulatively in producing an increase or

diminution of the large ice-fields round the poles of the earth. In

the course of time this cumulative change in the extent and dis-

position of these might perceptibly alter the distribution of the

convection currents of the earth—and these, according to the views

herein indicated, might in their turn perceptibly alter the earth's

magnetic system.

143. Concluding Remarlcs.—Ifwe agree to look foran explanation

of terrestrial magnetism and its changes to strictly terrestrial pro-

cesses, we may derive some assistance in our search from such con-

siderations connected" with symmetry as enable us, for example, at

once to perceive that when two perfectly similar things are rubbed

together wo cannot have electrical separation, because there is no

reason why the one should be positively and the other negatively

electrified. Suppose then that an observer stands at the equator

and looks towards the north, and then turns his back upon the

north and looks towards the south. In the first position let him
regard the northern system of meteorological processes and motions,

and in the second the southern. Now if symmetry obtained abso-

lutely iu these systems—that is to say, if the observer, whether he

regarded the northern or the southern system of things, had in

either case precisely similar phenomena at his right hand and at

his left—then we should see no reason why the earth should be a

magnet, or why one hemisphere should be the scat of magnetism of

the one kind rather than of the other. If then we reganl meteoro-

logical processes and motions as being in some way the cau!-e of

terrestrial magnetism, we must direct our attention to that peculiar

element which causes a want of perfect symmetry such as we have
.described in meteorological phenomena. This element can hardly

be anything else than the rotation of the eaitli, which is from left

to right to an observer facing the north, but from right to left to an

observer facins the south.

144. Now if we look upon the terrestrial meteorological system

modified by the earth's rotation as having produced somehow in ihe

past the magnetic state of the earth, it seems most natural to

regard the system which formerly produced this magnetic state as

being likewise that which at present maintains it in its efficiency,

and which also accounts for the various magnetic changes which
take place. It would seem therefore that terrestrial meteorolngy

and terrestrial magnetism are probably cognate subjects, and that

they ought to be studied together in the well-founded hope that the

phenomena of the one will help us to explain those of the other.

Furthermore, if these meteorological processes—deriving their

one-sided character from the earth's rotation—are to be regarded
as accounting not only for the origin but for the maintenance of

the earth's magnetic system, we can hardly fail to imagine that
these processes must derive part of the energy which they exhibit

from that of the earth's rotation. Tidal energy we kuow is derived
from this source ; but we must likewise regard part of the energy
displayed in convection currents whether in the air or in the ocean
as derived no doubt from the same source. And we may perhaps
allow that in tho jihenomena of tidal action, as well as in tiiose of

convection currents of the air and ocean, there may be, not merely
a transmutation ofactual energy directly through friction into heat,

but likewise a transmutation of it, ultimately perhaps into heat,

but first through the intermediate agency of electrical currents
which serve to maintain the magnetic state of the earth and to.

produce magnetic changes.
Now if this be the case, if there be a large and complicated systeni

of tidal and convection currents all tending to chanRe the rotative
energy of the earth ultimately into lieat, whether directly through
friction or indirectly through the medium of electricity, it is surely
impossible with the present state of our knowledge to calculate with
the smallest pretensions to accuracy at what rate this transmutation
is taking place, and hence at what rate the velocity of the earth's
rotation is being slowly diminished. (B. S.)
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METHODISM
I. WesleyAN Methodism.

THE history of Wesleyan Methodism embraces—(1) the

Methodism of
^
Oxford, which was strictly Anglican

and rigidly rubrical, though it was also more than rubrical;

(2) the evangelical Methodism of the Wesleys after their

conversion (in 1738), of which the Wesleyan doctrines of

conversion and sanctification were the manifesto and
inspiration, while preaching and the class-meeting were the

great motive and organizing forces,—a movement which
before Wesley's death had developed into a form contain-

ing, at least in embryo, all the elements of a distinct

church organization, although in its general designation

and deliberate claims it purported to be only an unattached

spiritual society ; and (3) Wesleyan Methodism since the

death of Wesley, which, by steps at first rapid and after-

wards, though leisurely, distinct and conseeutive, assumed
an independent position, and has grown into complete

development as a church.

I. Oxford Methodism.—This began in November 1729,
when John Wesley, returning to Oxford from Lincolnshire,

where he had been serving his father as curate, found that

his brother Charles, then at Christ Church, had induced a
few other students to join him in observing weekly com-
munion. John Wesley's accession lent weight and character

to the infant association. Their first bond of association,

besides the weekly communion, was the common study of

the Greek Testament, with which they joined regular

fasting, the observance of stated hours for private devotion,

the visitation of the sick, of the poor, and of prisoners,

and the instruction of neglected children. They never

themselves adopted any common__ designation, but of the

variety of derisive names they received from outsiders that

of " Methodists " prevailed,—a sobriquet the fitness of

which, indeed, as descriptive of one unchanging and insepar-

able feature of Wesley's character (which he impressed also

on his followers), was undeniable.

This first Oxford Methodism' was very churchly.

Between 1733 and 1735, however, a new phase was devel-

oped. Its adherents became increasingly patristic in their

sympathies and tendencies, and Wesley came much under

the influence of William Law. In regard to this period

of his history, Wesley himself says that he
" Bent the bow too far, by making antiquity a coordinate, rather

than a subordinate, rule with Scripture, by admitting several

doubtful writings, by extending anti(juity too far, by believing

more practices to have been universal in the ancient church than
ever were so, by not considering that the decrees of a provincial

synod could bind only that province, and the decrees of a general

synod only those provinces, whose representatives met therein,

that most of those decrees were adapted to particular times and
occasions, and, consequently, when those occasions ceased, must
eease to bind even those provinces."

It was in 1736, during his residence in Georgia, whither

he had gone as a missionary of the Propagation Society,

that he learnt those lessons. Notwithstanding his ascetic

severity and his rubrical punctilios, the foundations of his

High-Churchmanship were gradually giving way. When
he returned to England he had already accepted the

doctrine of " salvation by faith," although he had not as

yet learned that view of the nature of faith which he was
afterwards to teach for half a century. He had, however,

as in the journal of his homeward voyage he tells us,

learned, " in the ends of the earth," that he " who went

to America to convert others was never himself converted

to God." In this result his Oxford Methodism came to

an end.

The original Methodism of Oxford never at any one"

time seems to have numbered as many as thirty adherents.

1 G-y*

There was a set called "Methodists," but there was no
organization, no common bond of special doctrine or of

discipline ; there were habits and usages mutually agreed
upon, but there was no official authority, oidy personal

influence. The general features of the fraternity, if frater-

nity it may be called, seem to suggest closer analogies

with the " Tractarian " school in its earlier stages than
with anything else in modern history, and the personal

ascendency of John Wesley may remind us in some measure
of the influence exercised a century later by J. H.
Newman. There was no more any germ of permanent
organization in the Oxford Methodism of 1735 than in the

patristic and " Tractarian " school of Oxford of 1 833.^

2. Methodism after Wesley's Conversion.—John Wesley
landed at Deal, on his return from Georgia, on February
1, 1738. His journals on the homeward voyage, says

Miss Wedgwood,- " chronicle for us that deep dissatisfac-

tion which is felt whenever an earnest nature wakes up to

the incompleteness of a traditional religion; and his after

life, compared with his two years in Georgia, makes it

evident that he passed at this time into a new spiritual

region." "By Peter Bohler,^ in the hands of the

great God," he writes in his journal, "I was, on March 5,

fully convinced of the want of that faith whereby we are

saved." This "conviction" was followed on March 24 of

the same year (1738) by his "conversion."

Like most good men of that age in England, Wesley,
before he came under the influence of his Moravian teacher,

had regarded faith as a union of intellectual belief and of

voluntary self-submission—the belief of the creeds and
submission to the laws of Christ and to the rules and
services of the church, acted out day by day and hour by
hour, in all the prescribed means and services of the church

and in the general duties of life. From this conception

of faith the element of the supernatural was wanting, and
equally that of personal trust for salvation on the atone-

ment of Christ. The work of Bohler was to convince

Wesley that such faith as this, even though there might
be more or less of divine influence unconsciously mingling

with its attainment and exercise, was essentially nothing

else than an intellectual and moral act or habit, a natural

operation and result altogether different from the true

spiritual faith of a Christian. This conviction led him a

few days afterwards to stand up at the house of the Rev.

Mr Hutton, College Street, Westminster, and declare that

five days before he had not been a Christian. When
warned not thus to despise the benefits of sacramental

grace, he rejoined, "When we renounce everything but

faith and get into Christ, then, and not tlU then, have wo
reason to believe that we are Christians." It is true that

for several years after this he remained High-Church in

' One evidence of this is to be found in the early and wide divi-rg-

ence of the various members of the Oxford Methodist company, after

their brief association at the nnivei-sity came to an end. We know
which way the Wesleys went ; we know also the separate path that

theirfriend Whitefield made for himself. John Clayton, the Jacobite

churchman, settled at Manchester, renounced the Wesleys after they

began their evangelical movement, and remained an unbending High-

Churchman to the end. Benjamin Ingham became a great evangelist

in Yorkshire, founded societies, and, with his societies or churches,

took the decisive step of leaving the Church of England and embracing

the position of avowed Dissent. The saintly Gambold, a poet as well

as a theologian and preacher, became a Moravian bishop. James
Hervey was in after life a famous eviiEgelical clergyman, holding
" Low " and Calvinistic views. These were the chief of the Method-

ists of Oxford.
^ John Wesley and the Ev<fngelicat Reacticm of the IStt Century.

' A disciple of Zinzendorf, thea<n England on his way to America.
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Bome of Ills principles and opinions, but nevertheless his

ritualism was dead at its roots.

' This experience also made Wesley an evangelist. He

had a forgotten gospel to preach,—the gospel by which

men were to be converted, as he had been, and to be made

"new creatures." And this result, this new birth, was

not dependent on any churclily form or ordinance, on any

priestly prerogative or service, or on any sacramental grace

or influence. To raise up, accordingly, by his preaching

and personal inlluence, a body of converted men, who

should themselves become .witnesses of the same truth by

which he had been saved, was henceforth to be Wesley's

life-work. This was the inspiration under which he

became a great preacher ; this also made him an organizer

of his living witnesses into classes and societies. In the

pulpit was the poaching power ; in the class-room was the

private and personal influence. The vital link between

the pulpit and the class meeting was the doctrine and

experience of "conversion." Thus Wesleyan Methodism

is derived, not from Wesley the ritualist, but from Wesley

the evangelist.

Wesley's doctrines offended the clergy. His popularity

as a preacher alarmed them. The churches were soon

shut against him. He attended the religious meetings

—

on a Church of England basis—which had existed in

London and elsewhere for fifty years, so far as these were

still open to him, the Moravian meetings, and meetings in

the rooms of private friends, but these were quift

insufficient for the zeal and energy of himself ' and his

brother, who had been " converted " a few days before

'himself. Accordingly, in 1739, he followed the example

set by Whitefield, and preached in the open air to immense
crowds. In the same year also -he yielded to the urgency

of his followers and to the pressure of circumstances,

and, becoming possessed of an old building called "the
Foundery," in Moorfields, transformed it into a meeting-

house. Here largo congregations came together to hear

the brothers. About the same time, in Bristol and the

neighbouring colliery district of Kingswood, he found him-

self obliged, not a little against his wUl, to become the

owner of premises for the purpose of public preaching and
religious meetings. Here was the beginning of that vast

growth of preaching-houses and meeting-rooms, all of them
for nearly fifty years settled on Wesley himself, which,

never having in any way belonged to the Church of

England, became, through Wesley, the possession of the

Methodist Connexion.

The religious societies through which the Wesleys, after

their conversion, exercised at first their spiritual influence

were in part, as has been intimated, Moravian,—that in

Fetter Lane, of which the rules were drawn up by Wesley
himself in 1738 (May 1), being the chief of these,—and
in part societies in connexion with the Church of England,

the successors of those which sprang up in the last years

of the Stuarts, as if to compensate for the decay of

Puritanism within the church. In 1739, however, a strons

leaven of antinomian quietism gamed entrance among the

Moravians of England (Biihler himself having left for

America in the spring of 1738) ; and Wesley, after vainly

contending for a time against this corruption, found it

necessary formally to separate from them, and to establish

a society of his own, for which a place of meeting was
already provided at the Foundery. This was the first

society under the direct control of Wesley, and herein was
the actual and vital beginning of the Wesleyan Methodist
Society, that is, of Wesleyan Methodism. Hence the
Wesleyans celebrated their centenary in 1839. It was not,

however,, till 1743 that Wesley published the Rules of his

Society .By that time not a few other local societies had
neen addd to that at the Foundery, the three chief centres
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being London, Bristol, and Newcastle. Hence Wesley

called ys Society, when he published the "Rules" in 1743,

the " United Societies." His brother's name was joined

with his own at the foot of these Rules, in their second

edition, dated May 1, 174?, and so remained in all later

editions while Charles Weslej' lived. Those Rules are still

the rules of Wesleyan Method L-^m. Since Wesley's death

they have not been altered. During his life only one

change was made of any importarce. In 1743 the offerings

given weekly in the classes were for the poor, there being

at that time no Conference and no itinerant preachers

except the two brothers ; after a fe'v years the rules pre-

scribed that the weekly contributions -vere to go " towards

the support of the gospel." The Society is described as

"a company of men having the form, and seeking the

power, of godliness, united in order to pray together, to

receive the word of exhortation, and to watch over one

another in love, that they may help each other to work

out their salvation." "The only condition prc-'iously

required of those who desire admission into these societies-"

is " a desire to flee froip the wrath to come, and to be saved

from their sins." The customary contribution was a

minimum of a penny a week or a shilling a quarter.

In 1739 these societies were not divided into "classes."

But in 1742 this further step in organization was taken,

and the change is recognized in the rules of 1743. Leaders

were appointed to these classes, and became an order of

spiritual helpers and subpastors, not ordained like lay

elders in the Presbyterian churches, but, like them, filling

up the interval between the pastors that " labour in the

word and doctrine" and the members generally, and

furnishing the main elements of a council which, iu

after years, grew up to be the disciplinary authority in

every " society." In every society there was from the

beginning a " steward " to take and give account of moneys

received and expended. After a few years there were two

distinct stewards, one being specially appointed to take

care of the poor and the "poor's money," the other being,

in general, the "society steward." And, finally,—though

hardly, perhaps, during Wesley's lifetime,—in the larger

societies there came to be two stewards of each description.

The leaders and stewards together constituted " the leaders'

meeting," of which, however, the complete circle of func-

tions grew into use and into recognition only by degrees.

The Rules of the Society, which are strict and searching,

relate to worship, to conduct, and to the religious life, but

do not once mention or refer to the Church of Englauf',

the parish church, or the parish clergy. The only author! ry

at first was the personal authority of the two brothers,

exercised either directly or by their official delegates.

After years had passed away the leaders' meeting capie to

have an important jurisdiction and authority, but its r.j;Ijts

and powers were neither defined nor recognized until «fter

Wesley's death. From first to last there is no trite or

colour of any Anglican character in the organiiition.

Moravians or Dissenters might have entered the IsUow-
ship, and before long many did enter it who had either

been Dissenters or, at any rate, had seldom or never
entered a church. What would to-day be called the
" unsectarian " character of his society was, indted, in

Wesley's view, one of its chief glories. All thb time,

however, this " unsectarian " society was only another
"sect" in process of formation. Wesley for many years
before his death had seen that, unless the rulers of the
church should come to adopt in regard to his society a
policy of liberal recognition, this might be the outcome
of his life-work. And it would seem as if in his private
confidences with himself he had come in the end at times
to acquiesce in this result.

Still more decisive, however, was the third step ia,the



METHODISM 187

development of Wesley's " Society." The clergy not only

excluded the Wesleys from their pulpits, but often repelled

them and their converts from the Lord's Supper. This

was first done on a large scale, and with a systematic

harshness and persistency, at Bristol in 1740. Under
these circumstances the brothers took thecdecisive step of

administering the sacrament to their societies themselves,

in their own meeting-rooms, both at Bristol and at Kings-

wood. This practice having thus been established at Bristol,

it was not likely that the original society at the Foundery
would rest content without the like privilege, especially as

Borne of the clergy in London acted in the same manner
as those at Bristol. There were therefore at the Foundery
also separate administrations. Here then, in 1740, were-

two if we include Kingswood, three—separate local

churches, formed, it is true, and both served and governed

by ordained clergymen of the Church of England, but not

belonging to that church or in any respect within its

government. As thereafter during Wesley's life one of

the brothers, or some cooperative or friendly clergyman,

was almost always present in London and in Bristol for

the administration of the sacraments, these communions,
when once begun, were afterwards steadily maintained, the

Lord's Supper being, as a rule, administered weekly.

Both on Sundays and on week days full provision was
made for all the spiritual wants of these "societies," apart

altogether from the services of the Church of England.

The only link by which the societies were connected with

ttat church—and this was a link of sentiment, not an
organic one—was that the ministers who served them
were numbered among its " priests."

In 1741 Wesley entered upon his course of calling out

lay preachers, who itinerated under his directions. To the

societies founded and sustained vdih the aid of these

preachers, who were entirely and absolutely under Wesley's

personal control, the two brothers, in their extensive

journeys, administered the sacraments as they were able.

The helpers only ranked as laymen, many of them, indeed,

being men of humble attainments and of unpolished ways.

For the ordinary reception of the sacraments the societies

in general were dependent on the parish clergy, who, how-
ever, not seldom repelled them from the Lord's table. So
also for the ordinary opportunities of public worship they

often had no resource but the parish church. The simple

service in their preaching-room was, as Wesley himself

insisted, defective, as a service of public worship, in some
important particulars ; besides which, the visits of the

itinerants were usually, at least at first, few and far

between. Wesley accordingly was urgent in his advices

and injunctions that his societies generally should keep to

their parish churches ; but long before his death, especially

as the itinerant preachers improved in quality and increased

in number, there was a growing desire among the societies

to have their own full Sunday services, and to have the

sacraments administered by their own preachers. The
development of these preachers into ministers, and of the

societies into fully organized churches, was, if not the

inevitable, at any rate the natural, result of the steps

"which Wesley took in order to carry on the work that was
continually opening up before him.

•

In 1744 "Wesley lield his first Conference. The early Conferences

were cliiefly nseiul for the settlement of points of doctrine and
discipline and for the examination and accrediting of fellow-

labourei-3. They met yearly. Conferences were a necessity for

Wesley, and became increasingly so as his work continued to grow
upon him. It was inevitable also that the powers of the Conference,

although for many years the Conference itself only existed as it

were on sufferance, and only exercised any authority by the per-

mission of its creator and head, should continually increase. The
result was that in 1784 Wesley could no long?"- delay the legal

constitution of the Conference, ancl that he was compelled, if he

would provide for the perpetuation of his work, to lake measures .

for vesting in trustees, for the use of " the people called Method-
ists," under the jurisdiction of the Conference as to the appoint-
ment of ministers.and preachers, all the prtacliing places and trust
property of the Connexion. The legal Conference was defined as
consisting of one hundred itinerant preachers named by Wesley,
and power was given to the " legal hundred " continually from the
first to fill up tlie vacancies in their own number, to admit and
expel preachers, and to station them from year to year, no preacher
being allowed to remain more than three years in one station.
By this measure Wesley's work was consolidated iiito a distinct

religious organization, having a legally corporate character and
large property ri,<{hts. And yet Wesley would not allow this great
organization to bo styled a "church. It was only a "society"
—the " United Society "—the Society of "the people called llethod-
ists"—the "Methodist Society." And of its mi-mbers all who
were not professed Dissenters were by him reckoned as belonging
to the Church of England, althougli a large and increasing pro-
portion of them seldom or never attended the services of that
church. The explanation of this apparent inconsistency is that
Wesley admitted none to be Dissenters except such as were so in
the eye of the law—those who, "for conscience sake, refused to
join in the services of the church or partake of the sacraments
administered therein "—and that be interpreted " the Church of
England " to mean, as he wrote to his brother Charles, " all the
believers in England, except Papists and Dissenters, who have the
word of God and the sacraments administered among them."

But Wesley was to carry his Society to a yet higher pitch of
development, and one which made it still more difficult to dis-

tinguish its character from tliat of a distinct and separate church.
In 1738 Wesley had been theoretically a High-Churcliman. For
some time even after he had entered upon his course of irregular
and independent evangelism he continued to hold, in the abstract,

High-Church views. But in 1746 he abandoned once for all

his ecclesiastical High-Churchmanship, although he never became
either a political or a latitudinariau Low-Ckurchnian after the

standard and manner, of the 18th century. He relates in his

journal under date January 20, 1746, how his views were revolu-

tionized by reading Lord (Chancellor) King's account of the

primitive church. From this time forward he consistently main-
tained that the " uninterrupted succession was a fable which no
mau ever did or could prove. One of the things taught him by
Lord King's book was that the office of bishop was originally one

and the same with that of presbyter ; and the practical inference

which Wesley drew was that he himself was a "Scriptural Episco-

pos," and that he had as much right as any primitive or missionary

bishop to ordain ministers, as his representatives and helpers, who
should administer the sacraments, instead of himself, to the

societies which had placed themselves under his spiritual charge.

This right, as he conceived it to be, he held in abeyance for nearly

forty years, but at length he was constrained to exercise it, and,

by so doing, in efl'ect Ted the way towards making his Society a

distinct and independent cluircli.

In 1784, the American colonies having won their independence,

it became necessary to organize a separate Methodism for America,

where Methodist societies had existed for many years. Wesley
gave formal ordination and letters of ordination to Dr Coke, already

a presbyter of the Church of England, as superintendent (or

bishop) for America, where Coke ordained Francis Asbury as

presbyter and superintendent (or bishop), and Coke and Asbury
together ordained the American preachers as presbyters. From
that ordination dates the ecclesiastical commeucement of American
Episcopal Jlethodism—in whidi the bishops are only chief among
the presbyters whom they superintend, superior in office but of tlio

same order. The Episcopal Methodism of America represents to-

day the largest aggregate of Protestant communicants and worship-

pers of the same ecclesiastical name to be found in any one nation

in the world.

The following year (1785) Wesley ordained ministers for Scot-

land. There his societies were quite outside of the established

Presbyterianism of the day, with its lukewarm "moderatism ";

while the fervid sects which had seceded from the state church

would hold no terms with Arminians like Wesley and his followeis.

Hence Wesley was compelled to make special provision for the

administration of the sacraments in Scotland. He tlierefore

ordained some of his ablest and most dignified preachers, was

careful to give them formally in his corresjiondcnce the stylo and

title of "Reverend," and appointed them to administer the sacra-

ments north of the Tweed.

At length, in 1783, Wesley ordained a number of preachers (llr

Tyerman says seven) to assist him in administering the sjicranieuts

to the societies in England ; and of these he ordained one (Alexan-

der Mather) to be superintendent (or bishop), his brother Charles

being now dead, and Dr Coke sometime? absent for long periods in

America. The number of societies which demanded to have the

sacraments administered to them in their own places of worship

continually increased, and their claims were often too strong to

be resisted, especially when the parish priest was either a public
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opponent of tlio Methodists or a man of disreputable conduct
Etefore Wesley's death (in J791) it would seem that there were more
than a dozen of his preachers who had at different times, in Scot-

land or in England, been ordained to administer the sacraments.

The foresjing view of the development of Methodism as an
organization, during the lifetime of its founder, will have conveyed

a general idea of its structure and polity. There is one cardinal,

though variable, element in its organization, however, of which
there }ias as yet been no occa:>iou to speak. The societies of

Methodism—each of these consisting of one or more " classes "

—

were themselves grouped into circuits, each of which was placed

under the care of one or more of Wesley's Conference preachers,

who were called his "assistants " or " helpers," the assistant being

the chief preacher of a circuit, and the helper being a colleague

and subordinate. The "assistants" were directly responsible to

Wesley, who had absolute power over them, and exercised it

between the Conferences. The same power he equally possessed in

the Conference, at the yearly meetings, but he made it a rule,

during his later life, to take counsel with the Conference as to all

matters of importance affecting the permanent status of the

preachers personally, or relating to the societies and their govern-

ment He thus prepared the Connexion, both preachers and
psople, to accept the government and the legislative control of

the Conference after his death.

At the time of Wesley s death there were in Great Britain, the

Isle of Man, and the Channel Islands, 19 circuits, 227 preachers, and
57,562 member?. In Ireland there were 29 circuits, 67 preachers,

and 14,006 n-.embers. There were also 11 mission circuits in the

West Indic'j and British America, 19 preachers, and 5300 members.
The uuni'oer of members in the United States was returned as

43,265.

It h?3 already been explained that in connexion with each society
there was a leaders' meeting, of which society stewards and poor
stewards as well as leaders were members. It must here be added
that ^ach circuit had its quarterly meeting, of which, at first, only
the society stewards and the general steward (or treasurer) for the
circuit, in conjunction with the itinerant preachers, were necessary
memb'^rs. Leaders, however, in some circuits were very early, if

not froiTi the first, associated with the stewards in the quarterly
meeting, or at least had liberty to attend. The quarterly meeting
v.as not defined in Wesleyan Methodism until the year 1852. The
leaders' meeting had no defined authority until some years after

Wesley's death. Discipline, including the admission and expulsion
of members, lay absolutely with the "assistant," subject only to

appeal to Mr Wesley. Many years, however, before Wesley's death
it had become the usage for the " assistant," or, in his absence, the
"helper," his colleague, to consult the leaders' meeting as to

important questions either of appointment to office or of discipline.

As the consolidated "society" approached towards the character of
a "church," the leaders' meeting began to acquire the character
and functions of a church court, and private members to be treated,

in regard to matters of discipline, as having a status and rights

which might be pleaded before such a " court. The rights, indeed,
which, soon after Wesley's death, were guaranteed to leaders'

meetings and members of society had, there can be no doubt, so

far grown up, before his death, as to be generally recognized as

undeniable.
" Bands " were a marked feature in early Methodism, but in later

years were allowed, at least in their original form, to fall out of

use. There is no reference to them in the " Minutes of Conference
"

after 1768, although till after Wesley's death they held a place in the
oldest and largest societies. Originally there were usually in each
considerable society four bands, the members of which were collected

from the various society classes—one band composed of married
and another of unmarried men, one of married and another of un-
married women. All the members of society, however, were not
of necessity members of bands. Some maturity of experience was
expected, and it was the responsibility of tlie "assistant" to admit
into band or to exclude from band. Alter Mr Wesley's death, where
" bands" so called were kept up, they lost their private character,

and became weekly fellowship meetings for the society.

The "love-feast" was a meeting the idea of which was borrowed
from the Moravians, but which was also regarded as reviving the
primitive institute of the agape. In the love-feast the members of
different societies come together for a collective fellowship meeting.
One feature of the meeting—a memory of the primitive ayape—is

that all present eat a small portion of bread or cake and drink of
Trater in common.

It may be supposed that in such a system as Methodism s large
number of preachers and exhortcrs, from all the social grades
Included within the societies, could not but be continually raised

up. Taese, during Wesley's life, acted entirely under the dinctions
of the assistant, and were by him admitted or excluded, subject to

an appeal to Wesley. Onco a quarter—often in conjunction with
the circuit quarterly meeting—a meeting of these local lay helpers,

called "locnl preachers," was held for mutual consultation and
arrangement, and to examine and accredit candidates for the office.

3. Wesleyan Methodism uj'ler Wesley's Death (1791).

—^Vhen Wesley died the Conference remained as the bond

of union and fountain of authority f'^r the Connexion.

But between the meetings of Conference Wesley had acted

as patriarch and visitor with summary and supreme

jurisdiction. The first need to be supplied after his death

was an authority for the discharge of this particular func-

tion. In America Wesley had organized a system of

bishops (presbyter-bishops), presbyters or elders, and

deacons or ministers on probation. Among some of those

preachers who had been most intimate with Wesley there

was a conviction that his own judgment would have

approved such a plan for England. No document, how-

ever, remains to show that such was his desire. The only

request he left behind him for the Conference to respect

was one which rather looked in another direction—the

well-known letter produced before the Conference on its

first meeting after his death by his friend and personal

attendant, Mr Bradford, in which he begged the members
of the legal hundred to assume no advantage over .the

other preachers in any respect. The preachers, accordingly,

in their first Conference after Wesley's death, instead of

appointing bishops, each with his diocese or province,

divided the country into districts, and appointed district

committees to have all power of discipline and direction

within the districts, subject only to an appeal to the

Conference, all the preachers exercising equal rights also

in the Conference, the " legal hundred " merely confirming

and validating pro forma the resolutions and decisions of

the whole assembly.

At first the preachers stationed in the districts were
instructed to elect their own chairmen, one for each district

But the plan was speedily changed, and the chairmen were

elected each year by the whole Conference ; and this

method has been maintained ever sinee. The " district

meetings"—as they are generally called—are still " com-

mittees " of the Conference, and have ad interim its power
and responsibilities as to discipline and administration.

Originally they were composed exclusively of preachers,

but before many years had passed circuit stewards and
district lay officers came to be associated with the preachers

during the transaction of all the business except such as

was regarded as properly pastoral.

The relation of the Conference to the government of the

Connexion having thus been determined, the question

which nest arose, and which occupied and indeed convulsed

the Connexion for several years (1792-95), was that of the

administration of the sacraments, especially of the Lord's

Supper, to the societies. The societies generally insisted

on their right to have the sacraments from their own
preachers. Many of the wealthier members, however, and
in particular a large number of the trustees of chapels,

opposed these demands. At length, between 1794 and
1795, after more than one attempt at compromise had
been made by the Conference, the feeling of the secieties

as against the trustees became too strong to be longer

resisted, and accordingly at the Conference of 1795 the
" plan of pacification " was adopted, the leading provision

being that, wherever the majority of the trustees of any
chapel, on the one hand, and the majority of the stewards

and leaders, on the other, consented to the administration

of the sacraments, they should be administered, but not in

opposition to either the one or the other of these authorities.

In England the Lord's Supper was always to be adminis-

tered after the Episcopal form ; in Scotland it might still,

if necessary, be administered, as it had commonly been

before, after the Presbyterian form. In any case, however,
" full liberty was to be left to give out hymns and to use

exhortation and extemporary prayer." The result was that

within a generation the administration of the sacraments
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to the societies came to be the universal rvQe. By this

legislation the preachers assumed the powers of pastors,

in accordance, however, only and always with the desire

and choice of their flocks. No formal service or act of

ordination was brought into use till forty years after-

wards. Ml preachers on probation for the ministry,

after the completion of their probation, were "received

into full connexion " with the Conference, this reception im-

plying investment with aU pastoral prerogatives. Modern
Methodism has developed more fully and conspicuously

ithe pastoral idea.

No sooner was the sacramental controversy settled than

the further question as to the position and rights of the

laity came to the front in great force. A comparatively

emaU party, led by Alexander Kilham, imported into the

discussion ideas of a republican complexion, and demanded
that the members in their individual capacity should be

recognized as the direc^basis of all power, that they should

freely elect the leaders and stewards, that all distinction

in Conference between ministers and laymen should be

done away (elected laymen being sent as delegates from

the circuits in equal number with the ministers), that the

ministry should possess no official authority or pastoral

prerogative, but should merely carry into effect the

decisions of majorities in the different meetings. In the

course of a very violent controversy which ensued, pamphlets

and broadsheets, chiefly anonymous, from Kilham's pen,

advocating his views and containing gross imputations on
the ministers generally, and in particular on some not

named but distinctly indicated, were disseminated through

the aocieties. The writer was tried at the Conference of

1796, condemned for the publication of injurious and
unjustifiable charges against his brethren, and by a unani-

mous vote expelled from the Conference. In the follow-

ing year he founded the " New Connexion," the earliest of

the organized secessions from Wesleyan Methodism.

Views much more moderate than Kilham's prevailed in

the Connexion at large. At the Leeds Conference of 1797
the basis was laid of that system of balance between the

prerogatives of the ministers and the rights of the laity

which has been maintained in its principles ever since,

and which, in reality, has governed the recent provisions

(1877-78) for the admission of lay-representatives into the

Conference not less than the former developments of

Wesleyan Methodism. The admission of members into

the society had, up to 1797, been entirely in the hands of

the itinerant preachers,—-that is, the "assistant," hence-

forth to be styled the " superintendent," and his "helpers."

The new regulations, without interfering rdth the power
of the ministers to admit member.s on trial, declared that

"the leaders' meeting shall have a right to declare any
person on trial improper to be received into society, and
after such declaration the superintendent shall not admit

such person into society "
; also that " no person shall be

expelled from the society for immorality till such immorality

be proved at a leaders' meeting."^ For the appointment

of church officers (leaders and stewards) the following

rej;,»Jations were made, the second based on recognized

Usage, the first on general but not invariable practice :

—

^ —•

' In this regulation it was assumed that the old rule of society by
which a member disqualifies and vritually expels himself by con-

tinued absence from class, without reason for such absence, still

held good. The case provides only for expulsions for "immorality^"
Tubsequent legislation has introduced a provision which ensures to

any member before he ceases to be recognized on account of non-

attendance the right of having bis case brought before a leaders'

meeting if he desires it. This rule of 1797 has always been under-

stood by the Conference as constituting the leaders' meeting in etfect

a jury, leaving the superintendent with his colleague or colleagues

as advisers to act as judge. Appeal has always lain from the leadeis'

meeting to the district meeting, and, finally, to the Conference.

"1. No person shall be appointed a leader or steward, or be
removed from his office, but in conjunction with the leaders' meet-
ing, the nomination to be in the superintendent, and the approba
tiou or disappicbation in the leaders' meeting.

"2. The former rule concerning local preachers is confirmed,

—

viz., that no man shall receive a plan aa a local preacher, without
the approbation of a local preachers' meeting."

The Conference at the same time made several provisions

for carrying out the process, which had been going on for

some years, of denuding itself of direct responsibility in

regard to the disbursement of the Connexional funds.

The principle was established that such matters were to be

administered by the district committees acting in corre-

spondence with the quarterly meetings of the circuits. It

was also provided that circuits were not to be divided

without the consent of the respective quarterly meetings
;

and, finally, it was resolved that, in the case of any new
rule made by the Conference for the Connexion, its action

within a circuit might be suspended for a year by the

quarterly meeting, if it disapproved'of the rule. If, how-
ever, the Conference, after twelve months' interval, still

adhered to the new rule, it was to be binding on the whole
Connexion.

The powers of district committees, as defined by form =-r

Conferences, were in 1797 confirmed and enhanced, special

powers being given to special meetings, of these committees
convened when necessary to settle the affairs ot a diitracted

circuit. In the same Conference all the principal rules

of Methodism, in regard both to the ministers and the

laity, were collected and (in a sense) codified, including

the new regulations adopted that same year; and the

whole, under the title " Large Minutes," was accepted as

binding by the Conference, each minister being required

to sign his acceptance individually. This competidium,

itself based on one which had been prepared by Wesley,

is still accepted by every Wesleyan minister on his ordina-

tion as containing the rules and principles to which he

subscribes. During the sitting of this critical Conference

at Leeds an assembly of delegates from bodies of trustees

throughout the kingdom was simultaneously held. The
form of the regulations enacted by the Conference was, to

a considerable extent, determined by the nature and form

of the requests made by this body of trustees. There

was one request, however, which the Conference distinctly

declined to grant—namely, that for lay delegation to the

Conference. The Conference replied that they could not

admit any but regular travelling preachers into their body,

and preserve the system of Methodism entire, particularly

the " itinerant plan." It was not until many years after-

wards that anything was heard again as to this matter.

By the settlement now described the outlines of

Methodism as an organized church were fairly completed.

Many details have since been filled in, and many changes

have been made in secondary arrangements, but the

principles of development have remained unchanged. The
Connexion after 1797 had a long unbroken period of

peaceful progress. The effect of the " Kilhamite " separa-

tion, indeed, was after 1797 not greatly felt by the parent

body. The number of Methodists in the United Kingdom
in 1796, the year of Kilham's expulsion, was 95,226 j in

1797 it was 99,519 ; in 1798 the New Connexion held its

first Conference, and reported 5037 members, the number

of the parent body being 101,682. Nor was it till 1806

that the New Connexion reached 6000.

During the period of quiet growth and development which

followed 1797 the influence of one superior mind (Dr Jabez

Bunting, 1779-1858) was to prevail with increasing sway. This

was to be the period of the gradual development of lay co-operation

in the administration of the various departments of Connexional

extension and enterprise—a development which prepared the way

for the important legislation of 1852 and following years, and fer

the ultimate settlement of the respective provinces and powera
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of the niijiutara and laity nrhich w»s made in 1877-78. It was

abio to be the iwrioJ of the ftxadiial completion of the pastoral

idea, in its practical application to the ministers of the body.

Tl.ii period may bo dchiieJ as extending from the revolutionary

spoch of 1791-»7 to the epoch of political and municipal reform

agitation, 1828-35, which coincides with a second period of politico-

ecclesiastical agitation in Weslcyan Methodism
In 1797 the Conference, as already mentioned, had refused to

allow elected laymen—or lay delegates—any place either in the

Conference or in district conihiittees. Within a few years after

ISOO, however, the practice grew up for the circuit stewards to

attend the district committees during the transaction of financial

business, and in 1815 this u.sago was recognized in the Minutes of

Conference as an est.iblishcd "rule," and it was enacted that no
general increase of the income of the ministers should be sanctioned

by the Conference until approved by a majority of the district

conuuittei'S during the attendance of the circuit stewards. Since

the adoption of this rule the lay element in the district committees

h.TS steadily increased and dcvelo|icd. Another characteristic and
important feature in the organization of Wesleyan Methodism,
wliich grew into distinct form and prominence during the period

now under review, was that of the aJniinistration of all the Con-

nexional dejiartments, ctcciit such as were regarded as properly

l>astoral, by means of niixcd departmental committees, appointed at

each successive Conference. These committees made recommenda-
tions to the Conference in regard to such new legislation as they

thought desirable and to the appointment of the members of com-
mittee; and, for each dcjiartment, a large committee of review, of

Avliiih the members of the ordinary committee of manngenient
formed the nucleus, came to be held each year immediately before

the Conference. In these committees the numbers of ministers and
of laymen were eq'iud. On this principle, between 1811 and 1835,

provision had been made for the management of all the funds of

the Connexion ami their corresponding ilepartments of administra-

tion. The Hrst niired committee appointed by the Conference was
the committee of privileges in 1803.

The development of the pastoral position and character of the

ministers of the body after 1797 could not but advance on a line

larallel to the develoiunent of the position and claims of the

laity. In 1818 the ustige of the Conference w;as conformed to what
had long been the ordinary unoRicial custom, and the preachers

began to be styled in the Wcslajan Methodist Magazine and in

other olTicial publications "Reverend," a fact which may seem
trivial, but which in reality was of important significance.

In 1834, after the idea had been long entertained and the project

had been re|>catedly discussed, it was determined to establish a

theological institution for the training of ministerial candidates.

There are now four colleges, with two hundred and hfty students.

In 1236 the practice of ordination by imposition of hands was
adopted.

Such advances, however, as these in the general organization
and development of the Connexion, and especially in the status

and professional training of the ministers, could not be made in

such a boily h ithout oll'ence being given to some, whose tendencies
were to disallow any othcial distinction between the ministry and
the laity, and who also objected to the nse of the oi-gan. This
levelling clement was strong in the West Riding of Yorkshire, and
in 1828, on the placing of an organ in Brunswick Chapel, Lecils,

by the trustees, with the consent of the Conference, a violent
agitation broke out. The consequence was a disruption, the first

since 1798, under the title "Protestant Methodists." But this

was absorbed, some yrars later, in a more considerable secession.

In fact, the Connexion was in 1628 entering on a period of agita-
tion. The current of political affairs was approaching the rapids of
which the Reform Act marked the centre and the point of maximum
movement. A body like Weslcyan Methodism con'.d not but feel

in gieat force the sweep of this movement. It is true that Wesleyan
Methodism as such has never been political, that few of its numbers
cultivated extreme politics, and that the ministers and the better
classes of the " Society " were strongly Conservative in their general
tone. Nevertheless the mass of the community shared in the
general movement of the times, and the Conservative tone of the
ministers and of most of the well-to-do laity was not in full har-
mony with the sympathies of the people generally. Accordingly
the elements of ilisturbance, which only partially exploded in the
"Protestant Methodist" seces.sion, continued to make themselves
felt, in ilillerent parte of the Connexion, during the following yeara
of political controvcr.sy. The decision of the Conference in f83i to
jirovide a college for the training of ministerial candidates gave
special offence to the malcontents. Such an occasion was all that
was wanting for the various iliscontents of the Connexion to gather
to a head. The demamls niadp by the agitators proceeded on a basis
of democratic ecclcsiasticisni such as it is very difficult to apply suc-
cessfully to a system of as.sociated churches. " The result was a third
secession, based on the same general ground of ecclesiastical prin-
ciples as the Iv.o prereding, wliidi was organized in 1836, and with
Yrliich the "Protestant Methodists" eventually coalesced. This

new secession was known first as the " Wesleyan Methodist Associa

tion " ; but for a number of years past it has been merged in a sti'^

larger body of seceders designated "The Methodist I'rce Churches."

It'; leader at the Hrst was the Rev. Dr Warren, who left it, however,

not many months after it was formed, and took orders in the Church
of Kngland.'

The controversies of 1835-36 left their mark on the legislation

and official documents of the Connexion. The ])rinciples of 1797

remained intact, some farther guards only being added to pr^ent
any danger of hasty or irresponsible action on the part of super-

intendents, and at the same time "minor district meetings" being

organized in order to facilitate appeals. One error was, however,

committed by the Conference. In 1797 no provision hail been made
for bringing the circuit, through its quarterly meeting, into direct

relations with the Conference. In 1836 a right of direct memorial

to the Conference was given to the circuit quarterly meeting ; but it

was so fenced round with conditions and limitations as to make it

practically inoperative, and at the samn time provocative of sus-

picion and irritation.

The effect of the secession of 1836 on the general progress of the

Connexion was not great. The liumber of members reported in

1835 in Great Britain and Ireland was 371,251 (there being a

decreaseinEnglandof 951), in 1836 381,369, in 1837 384,723. For

the next ten years the advance of the Connexion in numbers and in

general prosperity was apparently unprecedented. The Centenary

Fund of 1839-40 amounted to £221,000. In the midst, however,

of all the outward prosperity of Methodism—partly perhaps in con-

sequence of it—very perilous elements were at work. The revolu-

tionary ideas of the Chartist period (1840-48'r and of Continental

politics (1848-49) reacted on Weslcyan Mctho.lism as the political

ideas of 1791 and of 1831 had done at those epochs. The embers
of old controversies—ecclesiastical, quasi-political, and jiersonal

—

still smouldered, and at length_burst into fresh flame. From 1844

a strong spirit of ojiposition to the leaders of the Connexion, and
especially to Dr Hunting, was fanned by the circulation of anony-
mous "fly leaves" of a very scurrilous character. At the same
time the policy of the Conference and of the ministers in their cir-

cuits had proceeded more than was wise on the old lines. The
general administration relied too much on the footing of implicit

confidence on the part of the peojile and on the jiower of official

prerogative in the hands of the minister. The memorial law of

1836 was indicative of the too exclusive spirit of jiastoral govern-

ment which had prevailed. The wisdom of Dr Bunting had for

five and twenty years led the way in gradually liberalizing both the

polity and the policy of Methodism, and adapting them to the

changing conditions of the times. But this wisdom seems to have
found its limits before 1849, when the internal dissensions reached
their climax. In that year James Everett, the chief author of the
fly sheets, and two other ministers, Samuel Dunn and William
Griffitli, who had identified themselves with him, were expelled.

A disastrous agitation followed. No distinct secession took place

till after the Conference of 1850. The union of the "Methodist
Free Churches," in which was incor)iorated' the " Wesleyan
Association" (of 1836), was formed Ijy the seceders. The "New
Connexion" also received some thousands of the secedei's into its

ranks. But by far the greatest part of those who left went with
neitlier of these bodies.

Between 1850 and 1855 the Connexion in Great Britain and
Ireland lost 100,000 members, and not till 1856 did it begin to

recover. In that year the numbers were returned as 282,787,
showing a small increase over the preceding year. Since then peace
and unity h.ave prevailed unbroken.
The convulsion of 1849-52 taught the Connexion, and in par-

ticular the Confereiice, lessons of the highest importance. In 1852
the quarterly meeting w.is so defined as to make it the gicat repre-
sent.uive meeting of the circuit, including steward.s, leaders, local

preachers, and trustees. The right of memorial to the Conference
was given to it in the widest and freest sense. These powerful
bodic! invite ministers to the circuits, or decline so to do, deter-
mine and pay their "allowances," as salaries to ministers are still

called in the Connexion, and review all the interests of the circuits,

spiritual or financial. They had also conferred n|ion them in 1852
the right to appoint a circuit jury of appeal from the verdict and
findings of a leailers' nieeting in certain cases of discipline. Since
1852 Conrerence legislation has still proceeded in the direction of
recognizing and enlarging the functions and rights of the laity.
The committee of review system, already spoken of, had been con-
siderably developed between 1835 and 1849, and included every
department of ordinary administration. In 1861, however, whilst
a representation of the departmental executive committees formed
still the leading clement in each committee of review, a great im-
provement w.as made in their constitution by giving to each of the
districts of British Methodism the right to send a lay re|>resentative

' This " Wiincnlte" wccssion, as at first It was con.nionlv cnlleil, gave rise to a
In"-uit nlilili luU to the Judicial rccocnitlon bvllic Court of Chanixry of the
Conference D.eil Poll of 1784. and Ihe " Large .Minutts" of 170T. as ilociimeDIS
haling ihc foi-co of puljllc law In the admlnlalration of Wesleyan Methodism.
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to attend these preparatory Conference committees. In 1877 and
1878 the final and natural consummation of the whole course of

advance since 1791 was effected in the constitution of the united

ConTerence of ministers and lay representatives. The ministers meet
by themselves to discharge the functions which belong to them
as the common pastorate of the Connexion. As to all the points

involved in their specific character and common responsibility, as

the mutually exchanging and itinerating pastons in common of a

vast common flock, they take mutual counsel in a separate assembly.

The Coafsrence, in its ministerial-and-iay or representative session,

meets after the pastoral business is completed, and occupies a full

week between Sundays in discussing and settling tUe business of

all the funds and the general administrative departments of the

body. The Conference in its pastoral session assembles on the last

Tnesday in July, that session closing on the Friday or Saturday

week following ; the representative session occupies the following

week. It is legally necessary that the decisions of the Conference

in both its sessions should be confirmed and validuted by the vote

of the "legal hundred." This confirmation is, however, given as a

matter of course.

The Conference in'its pastoral session is not formally representa-

tive. To each district is assigned by the preceding Conference a

certain amount of representation, there being at present thirty-five

districts.- The numbers allocated to the districts vary according to

circumstances. The total number of ministers and laymen com
posing the Confereijce in its representative session is 480, or 240
ministers and 240 laymen. The basis of the lay representation in

the Conference is the constituency of lay officials in the district

committees. The Connexion at large is represented by the lay

officials of the general Connexional departments. The business

transacted in the Conference during its representative session re-

lates to all the Connexional departments of general administration,

viz., the committee of privileges, foreign missions, the maintenance

and education fund (and the schools) for ministers' children, cK^pel

adairs (general, metropolitan, and provincial), the home mission

and contingent fund, district sustentation funds, army and navy
evangelization, lay mission work, the worn-out ministers' and
ministers' widows' fund, the theological institution with its four

colleges, Sunday and day schools and the children's home and
orphanage, higher education, the extension fund of Methodism,

alterations and divisions of circuits and districts, and the Lord's

Day observance and temperance questions.

The president of the Conference is chosen by the ministers by
ballot on the opening of the pastoral session. After the election

of predUent follows that of secretary. These elections, however,

cannot take place until the vacancies in the hundred have been

filled up. Such vacancies are caused by death, by absence for two
years together without a dispensation, by expulsion', or by super-

annuation, which takes place ordinarily aiter two years' retirement

from the full work of the ministry.

The principal statistics of the denomination at the last Conference

(1882) were as follows :

—
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by Wesley, held the first Conference in Philadelphia, when

there were 10 itinerant preachers and 1160 members.

After the breaking out of the War of Indtpendence the

English Methodist preachers were unpopular, and all but

Francis Asbury went back to England. At the end of the

war, however, in 1784, Wesley sent out Dr Coke, and

American Methodism was organized as an independent

church, with Dr Coke and Francis Asbury as its presbyter-

bishops. The history of American Methodism since that

period is too vast <ind complicated for any attempt to be

made to summarize it here. Methodism is more properly

national in its character as an American church than any

church in the States. In [Massachusetts and some other

of the New England States it is less powerful than Con-

gregationalism, which still retains there much of its ancient

predominance ; in the city of New York it is less powerful

than Presbyterian ism, and, indeed, occupies a position less

generally influential than might have been expected. But

in Philadelphia it is very powerful ; so also in Baltimore

and in Cincinnati ; if not strong in New York city, it is

very strong in the State ; and generally throughout the

western and mid-western States it is the prevalent form

of faith and worship. In the south, also, it is moVe

powerful than any other church,

American Methodism is Episcopal. But its Episcopacy is neither

prelatical nor diocesan. The bishops are superintending presbyters,

and they visit the whole territory of Methodism in rotation, hold-

ing (presiding over) the annual Conferences. These Conferences are

purely ministerial. But the General Conference, which meets once

in four years, and which is the Conference of legislation and final

appeal, ia mixed and representative. The first General Conference

was held in 1792, the first delegated or representative Conference

in 1812, the first mixed or niinisterial-and-lay General Conference

in 1872. There were till lately no district assemblies in the

Episcopal Methodism of America, and now there are but few. The
bishops maintain the unity of the Connexion in the interval between

tlie General. Conferences, by their visitation and by their conjoint

council. A sub-episcopal class of ministers also, called presiding

elders, supplement the action and supcrintendency of the bishops.

These preside over districts, holding all the circuit quarterly meet-

ings, and holding the district meetings, if any such meetings have
been organized.

American Episcopal Methodism is distributed into five distinct

sections or churches, which, however, differ from each other in no

f>oij]ts of any importance as respects organization or discipline, stiU

ess doctrine. The American Methodist Episcopal Church South
became a separate organization in 18-17 by reason of the slavery

controversy. The coloured churches, of which there are three,

sprang up distinctly from local causes. The following are the latest

available statistics:

—
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land) and in the Channel Islands 136 itinerant preachers, 21,209

members (besides C90 on trial), and 36,335 Sunday scholars. In

Canada the number of members was 6952, and in Australia and
New Zealand 3671.'

The Westeyan Reform Union is an aggregate of local ilethodist

secession churches, loosely held together by a Conference, and is

one of the results of the great Motliodist disruption of 1851-52.

The returns for 1831-82 showed 18 ministers and 7723 members.

(Ecumenical iUlhodist Conference.—T:\i\a Conference was hold in

0!ty Road Chapel, London, in September 1881. Representatives

were present from all the Methodist bodies throughout the world,

and it was estimated that those represented not less than 5,000,000

of members and 20,000,000 of population. Whilst in church

organization these bodies diifered, as has been shown above, in

doctrine and in respect of their purely spiritual discipline and
means of grace, they were all agreed in princittil matters. The
Conference was entirely practical in characicr. The object was to

promote zeal and \ir,ion among the constituent bodies as to all

practical points of Christian sympathy and activity, at home and
abroad, and especially as to home mission work, general philan-

thropy. Christian education, and a Christian use of the press. There
were 100 representatives present from the Methodist Dodies in all

parts of the world. ^

Welsh Cah-inistic J/rfAorfisis. —Between the Methodism of Wales
and that of England there was never any other than incidental

connexion. Indeed, although the name of the Welsh movement
was borrowed from the English, not only was Welsh Methodism
quite independent in its origin, but in reality its beginning, as an

avangolical movement, was earlier than that of English Methodism.

From Wesleyau Methodism, furthermore, Welsh Methodism was

throughout distinguished by the fact that it was Calvinistic in its

doctrine. For some years Whitefield's name was placed by the

leaders of Welsh Methodism at the head of their movement, but

the connexion was not at any time much more than nominal,

Whitefield being, indeed, too often and too long together in

America to exercise any real presidency over the Methodism of the

Principality.

Distinction, however, must be made between Welsh Methodism
as an evangelistic movement and as an organization. In its later

and distinctly organized form, its main elements date from 1811,

while the actual unity and the final consolidation of the organization

date from so recent a period as 1864. At that date we find the

Calvinistic Methodism of North and of South Wales for the first

time united in a common organization and government, and brought

under the supremo control of one "General Assembly."
The spiritual awakening from which Welsh Calvinistic Method-

ism derived its earliest inspiration and impulse began in 1735 and
1736, almost contemporaneously and quite independently, in three

different counties of South Wales. Howell Harris, a gentleman of

some position, born and bred at Trevecca in the parish of Talgarth,

county of Brecon, is the most prominent name connected \vith early

Welsh Motiiodism. His first strong religious convictions and im-

pulses date from 1735. He was sent to Oxford in the autumn of that

year to " cuie bim of his fanaticism," but remained only one term.

On his return to Wales he began to exhort and preach in private

houses and in such buildings as he could obtain the use of, being then

anil tliroughouUhis life a simple layman. Of learning or theology

he had but little, but ho was an extemporary preacher of prodigious

vehemence, and often of overwhelming power and pathos. While
Harris was thus jireaching in the county of Brecon, Daniel Row-
Lands had been spiritually awakened at Llangeitho in Cardiganshire,

the two men knowing nothing whatever of each other. Rowlands
was an ordained clergyman, of some learning and of great

cloi|uence. He was a pulpit orator, and carefully prepared his

powerful discourses. In I'embrokeshire, again, in that same year

173.')-36. Howell Uavies began to preach the same doctrine in the

same spirit as the other two preachers, and with efl'ects scarcely, if

at all, less remarkable. The ^ork thus begun in three distinct

cout'cs within tlie space of one year was in strict connexion with

the Establisbcd Church, and so continued to be throughout the

Jast century. These single-minded preachers pursued their work

in Wales knowing nothing of the parallel work which Whitefield

had just begun in England. In 1738, however, Whitefield, in

the west of Englaud, beard of Howell Harris, and in that year

ilio two revivalists met in Cardiff. In 1739 Howell Harris had

be^UQ to extend his preaching tours far and wide, visiting not

only South but North Wales, and, wherever ho wont, founding

religious societies in connexion mth the Church of England, of a

character resembling those called Dr Woodward's societies, which
had long been in existence throughout England, the chief difference

being that the Welsh societies were "evangelical," Calvinistic,

and revivalist. It was in the same year that Wesley founded

his society in England. In 1742 the clergymen connected \vith

• SCO IKtle Chrisltan M-morial Volume, ISCC ; ifiittiles of Conference, 1631,

Book-Rcom. 26 Paternoster Itow.
2 Sco frecccdinr/s of Fmt Methodist (Ecumenical Confirenee, Wealoyan Book-

Room. City Koad.

the Welsh movement were ten in number, and there were labour-
ing in concert with these forty lay " oxborters," as they were
called. In that yoar the first "association" of Welsh Calvinistic

Methodists was held at Waterford or Watford, in Glamorganshire.
Whitefield consented to preside, and joined his preaching to
that of the Welsh cvangolista. The first Calvinistic Methodist
Conference was held at Waterford, under Whitefield's presidency,
on January 5, 1743, eighteen months earlier than Wesley's first

Conference. For a short time the Calvinistic Methodism of Wales
was linked to that of England. After 1748, however, Whitefield
ceased to act as in any sense the official head of the Calvinistic

Methodists of England, and their organization, always loose, was
gradually dissolved.

There was no Wesley in Welsh Methodism, and accordingly there
was no organic unity among the societies of earlier Welsh ilethod-
ism. Each local society was under the care of an "exhorter," an
unpaid layman. A number of these local societies were grouped
together into a district, over which an "overseer" had charge. He
also was usually an unpaid layman, although exercising many of

the functions of a spiritual pastor. Sometimes, however, as in the
case of Rowlands, he was a parish clergyman. The societies

attended their parish churches and there received the sacraments.

The meeting- or preaching-housos for the societies were vaguely
called "houses for religious purposes.''

In 1751 Howell Harris ceased to itinerate and retired to Trevecca.

From tliis time his leadership in the Methodist movement seems to

have come to an end, and the movement languished for many years

after. Not till 1762 is any "revival " chronicled. In 1763 Row-
lands was obliged to quit his curacy at Llangeitho and leave the

Established Church. His pe6ple built him a chapel. He thus, after

1763, became a Dissenting minister ; and, retaining his fame and
much of bis power to the end of his course, he died in 1790.

Fifty years had now passed since the first societies of Welsh
Methodism had been estanlished by Howell Harris, and the move-
ment, instead of having grown to strength and maturity, appeared

to have spent its force, almost in all directions, at least so far as

any outward signs could show. But the Rev. Thomas Charles

of Bala was to be one of the chief means of reviving it. He, like

the earlifer IJethodists, was a churchman; he had taken his degree

at Oxford and served a curacy in Somersetshire. The doors of the

Established Church having been closed against him because of his

style of preaching, he joined the Welsh ilethodists in 1785, and
his first sphere of marked influence was in North Wales. In 1791

he took a leading part in a great revival of which Bala was the

centre. From this period may be dated the second spring of Welsh
Calvinistic Methodism, from which its later successes were to grow.

Charles zealously and successfully promoted the establishment of

"circulating schools" and of Sabbath schools. He was, in fact,

the soul of the great Christian educating movement in Wales which

began in the last decade of the 18th century; and it was through

his earnest zeal in seeking to provide Bibles for his Welsh schools,

especially the Sunday schools, that the British and Foreign Bible

Society was- established. Though Methodism came then to be

effectually rooted in the soil of the Principality, it was not tUl

1811 that the Welsh Calvinists took that stop in the direction of

ecclesiastical independence which the English Wesleyans had taken

sixteen years before by calling their preacliers to the official position

of pastors and ordaining them to administer the sacraments.

From 1790 till almost the present time the work of gradually

moulding the constitution of Welsh Calvinistic Methodism has

proceeded. The "rules regarding the proper mode of conducting

the quarterly association " were drawn up by Charles and agreed

upon in 1790. In 1801 the Order and Form of Church Government

and Rules of Discipline were published. In 1811, as has been

shown, ministerial ordination was initiated. In 1823 the Con-

fession of Faith was promulgated. And in 1864, as has been

already mentioned, the first "General Assembly " was held, and

the two associations of North and South Wales respectively were

united into one body. The constitution is now a modified Pres-

byterianism, each church managing its own an"airs subject to

successive appeal to the mouthly meeting of the county and the

quarterly association of the province, while the latter body may
refer the decision to the annual General Assembly.

The Welsh Methodists (or Welsh Presbyterians, as they are

now often called) have two theological colleges, one at Bala and

the other at Trevecca. They have also a foreign missionary society,

with missions in Brittany, among their congeners of the Celtic

race,. and in Bengal.
'

men it
In recent years this church has made great progress. In 1850 the

number of membere was 58,678, in 1870 it was 92,735, and in 1880

the returns showe!! 1174 churches, 118,979 communicants 185,635

Sunday scholars. The number of ministers is not officially given,

but is estimated at 600. The North and .South Wales associations

are now also known as synods.' (J. H. RI.)

'SoeW Williams, Wthh CaMnhticifelhodism, a Bistorieal Stelth-, The Ufl

and Times of Ilowcll Harris ; Tycrman, Life of the Ret. -ataite WlnteMd; Tha

Diary of the Calvinistic Methodists^ 188a.
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METHODIUS, tho apostle of the Slavs, Tras a native

of Thessalonica, and was born about the year 825. His

nationality is unknown, but most probably ho was a

Gnecized Slav; tho family of which he was a member

appears to have been one of considerable social distinction,

and he himself had already attained high official rank in

the government of Jlacedonia before ho determined to

abandon his secular career and embrace the monastic life.

His younger brother Constantino (better known as Cyril,

the name he adopted at Rome shortly before his death)

had also distinguished himself as a secular " philosopher
"

in Constantinople before ho withdrew to the cloister and

to solitude. Constantino about 860 had been sent by the

emperor Michael HI. to the Khazars, in response to their

request for a Christian teacher, but had not remained long

among them ; after his return to within the limits of the

empire, his brother and ho laboured for the instruction of

the Slavonic or SlavonicLzed pojinlation, especially by

means of translations of tho Scripture lessons and tho

liturgical books used in Christian worship. About the

year 863, at the invitation of Eastislav, king of " Great

Moravia," who desired tho Christianization of his subjects,

but at the 'same time that they shovdd be independent of

the Germans, the two brothers went to his capital (its site

is unknown), and, besides establishing a seminary for the

education of priests, successfully occupied themselves in

preaching in the vernacular and in diffusing their religious

literature. After four years they seem to have received

and accepted an invitation to Rome from Pope Nicholas

L, who had just been engaged in. his still extant corre-

spondence with tho newly converted Bulgarian king ; his

death occurred before their arrival, but they *were kindly

received by his successor Hadrian 11. Constantino died

in Rome, but Methodius, after satisfying the pope of his

orthodoxy and obedience, went back to his labours in

"Moravia" as archbishop of Pannonia. His province

appears to have been, roughly speaking, co-extensive with

the basins of tho Raab, Drave, and Save, and thus to have

included parts of what had previously belonged to the pro-

vindes of Salzburg and Passau. In 871 complaints on this

account were made at Rome, nominally on behaK of the

archbishop of Salzburg, but really in the interests of

the German king and his Germanizing ally Swatopluk,

RastislaVs successor ; they were not, however, immediately

successfuL In 879, however, Methodius was again sum-
moned to Rome by Pope John VIII., after having declined

to give up the practice of celebrating mass in the Slavonic

tongue ; but, owing to the peculiar delicacy of the relations

of Rome with Constantinople, and \vith the young church

of Bulgaria, tho pope, contrary to all expectation, ulti-

mately decided in favour of a Slavonic liturgy, and sent

Methodius (880) back to his diocese with a suffragan

bishop, and with a letter of recommendation to Swatopluk.

This suffragan, a German named Wiching, unfortunately

proved quite tho reverse of helpful to his metropolitan,

and through his agency, especiaUy after the death of John
VIII. in 882, the closing years of the life of Methodius
were embittered by continual ecclesiastical disputes, in tho

course of which he is said to have laid Swatopluk and his

supporters under tho ban, and' tho realm under interdict.

The date of the death of Methodius is variously given

;

the most trustworthy tradition says that it took place on
April 6, 885. He was buried at Welehrad (probably
Stuhlweissenberg). The Greek Church commemorates St
Cj'ril on February 14 and St Methodius on May 11 ; in

the Roman Church both are commemorated on March 9.

See Schafarik's Slamsche Alkrlhiimer, where the original
anthorities are fuUy referred to. The subject of the present notice
is most probably not to be identified mth the Methodius, a painter
and monk, who, according to a well-known legend, converted Boris
of Bulgaria by means of a picture of Christ's second cominii.

METHYL, a chemical term which until lately was used

in two radically different senses, namely, as designating

either the atom-group CHj, which in numberless chemical

formulse figures as a " radical " (compare Chemistey, vol

V. p. 552), or a gaseous substance of the sajne composition,

which, however, nowadays is generally called " dimethyl,"

to distinguish it from the radical. A gas of the composi-

tion and tho specific gravity (CjHg ^ Hj = 1 5) corresponding

to CjHj can be produced in two principal ways,—first,

by the decomposition of zinc-ethyl by water (Frankland)

—

ZnCCjHj),+ 20H . H = Zn(OH)j + CjH^H ;

and, secondly, by the electrolysis of acetate of potash

solution (Kolbe), we have virtually

2CH3.COOH = (CH3)2 + 2COj| +Bj.
-t-pole.

I
—pole.

These two gases used to be distinguished as two different

substances,—Frankland's being looked upon as hydride of

ethyl, CjHj . H, Kolbe's as " real methyl " (CH3)(CH3),

until Schorlemmer proved their identity by showing that

both, when treated with chlorine, yield the same identical

chloride of ethyl, CHj . CL This confirmed the now
generally adopted notion that the radical ethyl .itself is

nothing but methylo-methyl, HjC—CH,*, so that the

filling up of the gap* by an H must necessarily produce
" hydride of ethyl " and " dimethyl " in one. The " true

methyl " which chemists used to dream of, and which, when
treated with chlorine, would yield two CHjCl's analogous

to HH + ClCl = HCl + HCl, does not, and according to our

present knowledge cannot, exist. A quasi apology for it is

"marsh gas," CH^, the principal component of the gas

mixture which bubbles up from any marshy pond when its

mud is stirred up with a stick. It is always produced

when vegetable matter decays in the presence of water,

and in the relative or absolute absence of air. What
everybody knows as " fire-damp " is nothing but a (neces-

sarily explosive) mixture of air with impure marsh gas,

produced in the constantly progressing metamorphosis of

the coal deposits ; in certain districts streams of marsh gas

are issuing forth from cracks in the earth ; the " holy fire
"

of Baku is such a marsh-gas spring, which, having once
caught fire by accident, continues fuming to this day.

Perfectly pure marsh gas can only be obtained from zinc-

methyl, Zn(CH3)2, by its decomposition ^vith water (vide

svjyra) ; a nearly pure preparation is procurable by heating
a mixture of acetate of potash or soda and caustic alkali to

dull redness :

—

CH3 . COONa +NaOH= NajCOj 4 CHjH .
Acetate. Carbonate. .

Marsh gas can be prepared synthetically by the action
of bisulphide of carbon vapour and sulphuretted hydrogen
(both producible from their elements) on red-hot copper,

CS, + 2H2S + 8Cu = 4Cu,S -1- CH, (Berthelot). A mixture
of marsh gas and chlorine, when exposed to direct sunlight,

explodes with formation of hydrochloric acid and char-

coal. In diffuse daylight only part of the hydrogen is

eliminated and " replaced " by its equivalent in chlorine,

which in general leads to the formation of four bodites

:

CH3C1 = CH^-I-C1,-HC1, chloride of methyl; CH„Cl.j,
chloride of methylene; CHCI3, chloroform; CCl^, tetra-

chloride of carbon. Of these several chloromethanes, as
they aro called, the first here interests us more than any
of tho rest, because from it any other methyl compound
can be produced by the substitution of the proper kind of
radical for the CI of the CH3CL Thus, for instance, we
can convert it into methyl-alcohol by treating the chloride
with aqueous caustic potash at 100° C. (Berthelot). This
is a most important synthesis, because it is this methyl-
alcohol that, in practice, always serves as the utarting
point in the preparation of other methyl compounds.

Methyl-Alcohol.—This substance, in ordinary practice^
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is never made synthetically, but simply extrsicted from
wood-spirit, a commercial substance which is produced

industrially in the dry distillation of wood. The wood-

spirit is contained in the aqueous portion of the tar pro-

duced in this operation, along with acetic acid. To recover

both, the tar-water is neutralized with lime and distiUed,

when the acetate remains, whUe the spirit distUs over,

along with a deal of water, which, however, is easily

removed, as far as necessary, by redistillation and rejection

of the less volatile parts. The "crude" wood-spirit, as

thus obtained, is not unlike in its general properties to

ordinary spirit of wine, from which, however, it is easily

distinguished by its abominable smell. The ordinary

commercial article, besides a variable percentage of water,

contains from 35 to 80 per cent, of methyl-alcohol ; the

rest consists chiefly of acetone, but besides includes

dimethyl-acetal, 0,11^(00113);,, acetate of methyl, and
numerous other minor coniponents. In Great Britain

large quantities of wood-spirit are used for the making
of methylated spirit, a mixture of ordinary spirit of wine

with one-ninth of its volume of wood-spirit, which is

allowed to be sold duty free for the preparation of

varmsties, and for other industrial purposes. In former

times, here as elsewhere, wood-spirit itself used to be

employed as a cheap substitute for spiritus vini ; but this

is no longer so, since the aniline-colour industry has created

a large demand for pure methyl-alcohol. Hence in some
Continental works the wood-spirit, instead of being sent

out as such, is being worked up for its components, by the

following sequence of operations:—(1) dehydration by
lime

; (2) heating, under an inverted condenser, with

caustic soda, to convert the acetate into hydrate of methyl

;

(3) destruction of the bad smells by mild oxidation
; (4)

distillation in a kind of Ooffey's still, whereby it is split

up into approximately pure alcohol, acetone, and " tails."

The new indastry led to the invention of the following technical

methods for the determination, in a given soirit, of tbe percentages

of real methyl-alcohol and of acetone.

The alcohol is determined by saturating 5 c.c. of the spirit with
hydriodic acid (volatilization of alcohol and iodide of methyl being
avoided by means of a cold-water bath and an inverted condenser),

and the product poured into water. Iodide of methyl separates

oat as a heavy oil, which is measured as it is. Recording to direct

trials 5 c.c. of pure methyl-alcohol yields 7 '45 c.c. of crude iodide

(Krell, Kramer and Grodzky).
For the determination of the acetone the following reagents are

required (Kramer) ;—(1) a solution of iodine, prepared by dissolv-

ing Ij— 254 grammes of iodine, by means of (say) 500 grammes
of iodide of potassium, in water, and diluting to 1 litre ; (2) a
solution of caustic soda containing twice (NaOH) grammes per litre

;

(3) alcohol-free ether. Ten c c. of the soda are placed in a gra-

duated cylinder and mixed intimately, first with 1 c.c. of the spirit,

then with 5 c.a of the iodine solution. Iodoform separates out (if

acetone is present) in minute yellow crystal plates ; this product is

"shaken out" by means of 10 c.c. of ether, and determined by
evaporating an aliquot part of the ethereal layer in a tared watch-
glass to dryness and weighing the residue. CjHjO yields CHI3;
hence 1 part of iodoform indicates 0'28 parts of acetone.

The formula of methyl-alcohol and its true chemical

character were correctly ascertained by Dumas and P^ligot

as early as 1834 ;
yet pure methyl-alcohol may be said to

have been an unknown substance until 1852, when Wohler
taught us to prepare it, by first extracting the CH3 of the

CH3OH in the wood-spirit as oxalate of methyl, and then

decomposing the (purified) oxalate with water.

The most convenient raw material to use nowadays is the
commercial "pure" alcohol; if wood-spirit is employed it had
better first be purified by distillation over caustic soda (vide supra).

The formation of the oxalate then is best effected (according to

Alexander Watt) as follows :—500 grammes of oxalic acid crystals

are mixed with 200 c.c. of oil of vitriol ; then 500 c.c. of the
spirit are added, the whole kept for a time at 80° C, and then
allowed to stand cijld for twenty-fonr hours.

The large crop of oxalate crystals—partly (CHjjjCjOj, partly

CHj. H . CjOj—13 separated from the liquor by pressure and subse-

quent drying over vitriol, and then decomposed by distillation with
water.

The aqueous alcohol thus obtained is dehydrated by the well-
known methods used in the preparation of ordinary absolute alcohol.

According to Kramer, a purer preparation than Wohler's is

obtained by extracting the methyl as formiato iuitcad of as oxalate,
which is easily effected by digesting the wood-spirit witli'a formic
acid of 1'22 specific gravity, and purifying the formic ether by
fractional distillation. This ether boils at 32°, the oxalate at 161°
C., hence a proper combination of the two methods should be
infinitely superior to either What now follows must, m general, be
understood to refer to Wohler's preparation.

Pure methyl-alcohol is a colourless liquid similar in its

general properties, in its behaviour to other chemically

inert liquids, and in its action as a solvent to ordinary
absolute alcohol, from which, however, it differs by the

entire absence from it of all spirituous odour. A pre-

paration which smells of wood-spirit may bo condemned
at once as impure. According to H. Kopp, its specific

gravity is 0-8142 at 0° 0. and 0-7997 at 16°-4. H the

volume at t° be V, then (from 0° to 61°)

V-1 + -0001134Z-H-364 x IQ-H' + S 741 x W-H\

The boiling point is 64°-6 to 65°-2. The tension-curvi; was
determined by Regnault and by Landolt ; but the results

of the two observers do not agree except (approximately)

at P= 760 mm. Methyl-alcohol has quite a characteristic

tendency to " bump " badly on distillation, which, however,

can be prevented by addition of a small fragment of tin-

sodium,, which produces a feeble but sufficient current of

hydrogen. Its specific heat is '67 1 3 ; latent heat of vapour,

26-4 ; combustion heat, 5307 per unit weight (Favre and
Silbermann). The refractive index for the D (sodium)

ray is 1-3379 ± -0013 for 10° t 5° 0. (Dale and Gladstone).

Methyl-alcohol mixes with water in all proportions with

contraction.

Since Wohler's discovery a table for the specific gravities of

aqueous methyl-alcohols has been constructed experimentally, by
A. Dupre ; but unfortunately his alcohol boiled at 58° '7, and con-

sequently must have been something different from what generally

goes by this name.

In its chemical reactions methyl-alcohol, CH3 . OH, is

very similar to ordinary (ethyl) alcohol, O2H5 ; OH, and
consequently, in the same sense as the latter, analogous to

water, H . OH. Thus, for instance, metallic sodium and
potassium dissolve in either alcohol with evolution of

hydrogen and formation of ethylates or methylates of the

alkali metals. Example

—

CHjOH-hNa-CHs. ONa-fJHj

The two methylates crystallize from the solution with

crystal-alcohol, which can be driven off in an atmosphere

of hydrogen by heat, without decomposition of the salts

themselves. Water at once decomposes them into caustic

alkaU and alcohol, OH3 . ONa -t- H . OH = NaOH + OH3OH.
Yet the reverse reaction takes place when the alcohol is

treated with a large excess of caustic soda.

The action of acids on methyl-alcohol is in general

quite analogous to that on, for instance, caustic soda, with

this important difference, however, that what in the case

of NaHO goes on so readily in aqueous solutions with

CH3 . OH succeeds only under circumstances precluding

the accumulation of water. In these circumstances we

have, for instance,

(1) ClH + OH.CHj-HjO-t-Cl.CHs;

(2) (CjH30j,)H + oa. CHj-HjO+ CjHjOj. CHj

;

Acellc acid. Acetic ether

and so on with all monobasic acids. A dibasic acid XHH
may act as (X)H2 or as (XH) . H ; thus, for instance,

(3) (C„0,H)H-hOH. CHj-HjO-hCjOj. HCHj; ,

Oxalic arid. Methyl oxalic add,

(4) (CJ0.)U. + 20n. CH3-2HjO-f CjOj. (CHJj;
^ ' * '' * -" Methyl oxalate.
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4. tribasic acid forms two methyl acids and one neutral

ether ; we have, for instance,

(5) (FromPO.H,); PO,(CH,)H, ; 1'04(UU,),H ; PO,(CHi),.

It would, however, bo a great mistake to suppose that

whether, for instance (Ex. 3 and 4), the monomethyl or

the dimethyl compound is formed depends on the quantity

Oi' methyl-alcohol employed per unit of acid. This depends

far more largely on other conditions, as will be illustrated

in next paragraph. The methyl-aalta of osygen acids are

called esters, in opposition to the chloride, bromide, iodide,

sulphide, and oxide, which are set apart as ethers. Broadly

epeakmg, ethen are not, while esters are, readily decom-

posed by water into their cogeners; but the nitrate

CHj . NOj behaves in this respect like an ether.

Action unth Sulphuric Acid.—Methyl-alcohol LUses with

oil of vitriol with considerable evolution of heat and (always

only partial) conversion of the two ingredienta into methyl-

sulphuric acid. Equal volumes of acid and alcohol give

a good yield. To prepare pure methyl sulphates, dilute

the mixture largely with water, avoiding elevation of

temperature (which would regenerate ibe mgredients), and
saturate with carbonate of barj'ta. Filter ofi the sulphate

of baryta to obtain a solution of the pure methyl sulphate

SO4 . CH, . ba (where ba = |Ba = 1 eq.), from which this

salt is easily obtained in crystals. From the baryta salt

any other methyl sulphate is .'eadily obtained by double

decomposition with a solution of the respective sulphate

;

the acid itself, for instance, by means of sulphuric acid.

At higher temperatures the reaction between vitriol and
methyl-alcohol results in the formation of methyl-ether,

(CH3)20, or of normal sulphate of methyl, (CH3)2SO,.

The ether is a gas condensable into a liquid which, under
presstu^ of one atmosphere, boils at- 21° C.

The gas dissolves in about one thirty-seventh of its volume of
water ; far more largely in alcohol and in ether; most abundantly
in oil of vitriol, which dissolves about six bundled times its

volume of methyl-other gas, thus affording a very handy means
for storing up the gas for uso. The solution needs only be diluted
with its own volume of water to be broken up into its components
(Erlenmeyer).

Liquefied oxide of methyl is now being produced on the
manufacturing scale, and sold as a powerful refrigerating

agent. One part of sulphuric acid is mixed with a little

over one part of dehydrated wood-spirit, and tho mixture
heated to 125° to 128° C. (130° being carefully avoided),

when methyl-ether goes off. When the mixture is

exhausted, more wood-spirit b added to the residue so as
to re-establish the original specific gravity (of 1 '29), and
the heating resumed, which again furnishes a supply of
the gas, and so on. This proves that the process is not, as
used to be supposed, one of mere dehydration, but a cycle
of reactions analogous to those in tho ordinary process of
etherification, as shown by tho equations

—

(1) S04Hj-fCH30U-SO,.nCIl3 + H30
(2\ S0,.H.CH,-(-H.0.CIl3-SC.Hn i^Ch, O.CH,

Tli9 ostor, SOjfCH,), though obtainable by distillation of the
alcohol witli 10 parts of vitriol, is more coD'enlentJy prepared froiu
purs luotiiyl-sulphuric acid by distillation in vacuum at 130°-140''

C, th.>«:-2S0,CH, H-SO^H,-^SO,(CH,), It is a colourless
iKini.l, snipiliDi; like peppermint, siiecifio gravity 1-327 at 18°; it
boiUal ]87°tol88°C.

Chloride o/mrthyl, CH,CL readily pmduood by the action
A hv.:rochlonc acid gas and hot methyl-alcohol (preferably
in the presence of chloride of zinc as an auxiliary Jehy
drator), is a gas which, under ordinary pressure, condenses
ipto a liquid at - 23° C The gas, at ordinary temperatures
(though very readily soluble in alcohol), is only sparingly
absorbed by water, which, however, at 6° unites with it

mto a solid hydrate. Condensed methyl chloride has
become an arti..lo of commerce, being largely produced
from trimethylamine (vide in/ra) and used as a powerful

frigorific agent, as well as lor uie extraction of perfumes

from flowers. Regarding nitrite of methyl, NO—O—CH,,

; its interesting isomeride nitromethane, O^N—CH3, and

I

nitrate of methyl, NOjCHg, we must refer to tho hand-

books of organic chemistry.

Iodide of viethyl, CH3, is obtained by distilling methyl-

alcohol with hydriodic acid, which latter is best produced

off-hand by addition to the alcohol of iodine and amorphous

phosphorus. It is a colourless liquid of 2-269 specific

gravity, boiling at 42°'5 C, insoluble in water.

Organic Methyl-Esters.—The more volatile ones are in

geneiul easily obtained by distillation of the re^-pectiva

acid with methyl-alcohol, or with methyl-alcohol and oil

of vitriol (virtually SO^ . H . CH3) ; the less volatile

ones more conveniently by passing hydrochloric acid gas

into a methyl-alcohoUc solution of the acid. We have no

space for the individual substances; but the salicylate

C7H5O3 . CH3 may just be named as being the principal

component of the essential oil of Gaultheria procumbent

(wintergreen oil).

Metkylamines.—The general result of the action of

ammonia on an ester is the fornlation of alcohol and acid

amide. Example

—

1C3H3O)- 0-CH, + HNH,= CH, . OH 4- CJlfi . NH,
Acetate of mahj'L Acetamlde.

With iodide of methyl this reaction is an obvious im-

possibility ; what reaUy takes place (as A. W. Hofmarm
has shown for this and all analogous cases) is that the

iodide unites with the ammonia into the HI compound
HI . NHjCHj of a base NHoCHj, which can be separatet'

from the acid by distillation T^ith caustic potash, and wht-a

thus liberated presents itself as a gas surprisingly similar

(almost to idsntity) to ammonia. The analogy extends to

the action on iodide of methyl, which, in'the case of methyl-

amine, NHoCHj, leads to the formation of dimethylamine,

NH . (CH3)2 ; and from the latter again trimethylamine,

N(CH3)3, can be prepared by a simple repetition of the

operation. These three amines are closely analogous in

their chemical character to ammonia, the points of differ-

ence becoming the more marked the greater the number of

(CH3)'s in the molecule. Trimethylamine, having lost all

its ammonia-hydrogen, cannot possibly act upon iodide of

methyl like its analogues, ^\^lat it really does is to unite

with the iodide into "iodide of tetramethyl-ammonium,"
I . N(CH,)j, analogous to iodide of ammonium, INH^, we
should say, if it were not the reverse, because the organic

iodide (unlike its prototype, which is an ammonium
compound only in theory), when treated with moist oxide

of silver (virtually with AgOH), really does yield a solution

of a true analogue of caustic potash in the shape of

hydroxide of tetramethyl-ammonium, N(CH3)4 . OH.
In regard to the actual preparation of these several

bodies, which is not so simple as might appear from ow
exposition of their mutual relations, wo must refer to thn

handbooks of organic chemistry. But we must not omii
to state that trimethylamine, which only the other daj
was never seen outside a chemical museum, is now being
manufactured on a large scale, and promises to play an
important part in industrial chemistry. The was>te liquors

obtained in the distillation of alcohol from fermented beetr

root molasses serve as a raw muterial for its preparation.
These liquors, when evaporated to dryness and subjected
to dry distillation, yield, besides tar and gajies, an aqueous
liquid containing large quantities of ammonia, acetouitrile,

methyl alcohol, and trimethylamine. This liquor is neutral-
ized with sulphuric acid, and distilled, when tho nitrilo

and the methyl-alcohol distil over, to be recovere'^ by
proper methods. From the mixed solution of the sulphates
^f ammonia and trimethylamine the former is separated
out as far as possible by crystallization ; the mother-liquor
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is distilled vnh lluie , tf.o voiatlie Ijases are absorbed in

hydrochloric acid ; the hydrocUoric solution is evaporated;

and the sal-ammoniac which comes out at fiist is, as far as

possible, fished out. The last mother-liquor is evaporated

to dryness, and in -this form represents commercial
trimethylamine hydrochlorate. It is this product which
selves fjr the preparation of methyl chloride (vide s%tprd),

the process being founded upon the fact that a concentrated

solution of the salt, when heated, breaks up 3HC1 . N(CH3)3
into 2N(CH3)3 of free trimethylamine + NH^ . CH3HCI of

hydrochlorate of monomethvlamine and 2CH,C1 of methyl
chloride.

These processes are being carried out industrially by
Vincent in France. But this base trimethylamine seems

destined to do more than provide us with a new refrigerat-

ing agent. The attempt has been made—it would appear,

with success—to utilize it for the preparation of pure

carbonate of potash from native chloride of potassium,

just as ordinary ammonia, in the famous ammonia-soda
process, serves for the conversion of common salt into soda-

ash.

MetTi-jl Cyanides.—There are two distinct bodies which, by com-
position and by synthesis, are both CH3 + NC; tbey are named
" acetonitrile " (formerly called simply cyanide of methyl) and
isocyanide of methyl or methylcarbamine respectively.

Acetonitrile was discovered by Dumas in 1847. It may be pre-

pared by the distillation of a mixture of mcthylsulphate and of
cyanide of potassium ; but is obtained more easily and in a purer
state by distilling acetamide with phosphoric anhydride. Acetate
of ammonia may be used instead of the amide, but it does not work
so welL

CHj.CO.OCNHJ CHs.CO.CNHa) CHj. CN
Acetate of NH3 Acetamide Nitrile

-A (say). -A-HjO -A-SH^O.
It is a colourless liquid of a pungent aromatic odour, with specific

giavity "805 at 0°, and boils at 82 C. When heated with aqueous
potash (at the wrong end of a condenser) it breaks up with for-

mation of ammonia and acetate of potash. Whence we conclude
that the methyl is combined more directly with the carbon of the
cyanogen, thus

:

N{C—CH3} +2H.O= NH3-l-CH3. COOH
AcoUc acid.

This conclusion is supported by the action on the nitrile of nascent
hydrogen, which leads to the formation of ethylamine, thus (Men-_
dius) :

—

KC—CH,-HH =HjN—CHjCHj.
Etliylamioe.

In either case we pass I'rom a monocarbon to a dicarbon body,
virtually from taethyl to ethyl alcohol.

The isocyanide is prepared by heating iodide of methyl with
cyanide of silver ( "'H3I ; 2NCAg) and ether in a sealed-up tube to
130° to 140°, to produce the crystalline body AgNC + NCCH3(and
Agl). The double cyanide, when distillTd with some water and
cyanide of potassium, breaks up into its components,—the NCAg
forming (NC)2AgK ; and the cyanide of methyl distils oyer. It is a
colourless liquid, characterized by quite an unbearably irritating and
sickening smell. The specific gravity is 756 at 14°, the boUing point
59° C. It combines with hydrochloric acid into a crystalline salt

which is readily decomposed by water into raethylamine anJ formic
acid. Whence we conclude that in this ca^ethe cyanogen is tied

to the methyl by its nitrogen ; thus :

—

C{N—CH5}+2HjO-H. COOH-l-KHj. CH3.
Formic acid. Methi-Uinlne.

The methyl here remains methyl, Leiug separated by an K from the
cyanogen-carbon, which latter passes into formic acid.

We must not close this section without at least refemng to
the mct.hylphoapkines, as being a set of bodies related to PH3
(phosphiue) as the raethylamines are to NH3 (ammonia), and similar
to these in their chemical character, in so far as they are bases.

The points of difference between the two series are of pretty much
the same sense as those between the two prototypes. Thus, for

instance, while trimethylaniin« N(CH3), is a strong base, but inert

to. oxygen gas, trimethylphosnhine is a relatively feeble base,

but in contact with air greedily absorbs oxygen with formation of

au o.'jide P(CH3)30, the like of which in the nitrogen series baa no
existence.

Sulphur Compounds of Methyl.—Substances aaalogous to methyl-
alcohol and methyl-ether respectively can be obtained by the dis-

tillation of methyl sulphate of potassium with strong solutions of

tne pqtassmm snlphides IIHS and KjS respectively. The body
CH3

.
SH is known as methyl-mercaptane, the other (CHjjjS aa

sulphide of methyl. Both are very volatile stinking liqiuds.
SuTphide'of methyl claims a special interest as being the starting
point for the preparation of an important class of bodies called
trymethyl sulphine compounds. The sulphide (CHjljS readily
unites with the iodide CH3I into crystals of iodide of trimethyl
sulphine, (0113)38 . I, a substance which is closely analogous in its
chemical character to the iodide of tetramethyl-ammonium. Moist
oxide of silver, for instance, converts it into a strongly basic hyarate,
S(CH3)3

. OH, which in its avidity for acids almost beats ita a..a".vjgon
in the nitrogen family. An investigation of its salts was published
by Crum Brown and Blaikie.

Methyl Arsenides.—Arseniferous bases constituted likn mono- or
di-methylamine (bodies such as ASH2CH3, analogous to NHj. CH3)
do not seem to exist. What we do know of are—(1) a trimethyl-
arsine and the jodide and the hvdroxide of tetramethylarsonium,—As(CH3)3, As(CH3)4l, and As(CH3),0H,—bodies discovered by
Cahours and Riche

; (2) a whole series of monomethylic bodies,
As(CH3)Xj (where X = C1, Br, orX3 = 0,S), discovered by Baeyerin
1857 ; (3) the kakodyle compounds, a series of bodies, A3(CH3)j . X
or As(CH3)„

. X3, which were discovered and investigated by R. Bunsen
in 1842. This great investigation marks an epoch in the history of
organic chemistry, and our article would not be complete without at
least a short summary of its results. Bunsen started in bis investiga-
tion with a liquid which bad been obtained by Cadet as early as 1760,
by the dry distillation of equal parts of white arsenic and anhydrous
acetate of potash, and which nobody cared to investigate because
it emits fumes which have an indescribably sickenirjg smell and an
intensity of poisonous action, compared with which that of white
arsenic itself appears insignificant. It was reserved for Bunsen to
attack this awful substance and force it to give an account of itself.

According to Bunsen, Cadet's liquid is substantially an oxide,
(AsC2Hj)20, which has strongly basic properties, readily exchang-
ing its O for-Cl2, &c. To obtain the pure substance, the liquor 13

distilled with corrosive sublimate and hydrochloric acid, which in
the first instance yields the pure muriate of the base As(CH3)5Cl,
in the form of a liquid volatile above 100° into vapours which take
fire spontaneously in air. From this chloride of kakodyle the pure
oxide is obtained by distillation with caustic potash. The pure
oxide emits no fumes; its specific gravity is Z'462; .it boUs near
150°. > A mixture of its vapour with air detonates at 50° 0. From
the chloride again, Bunsen obtained the free radical kakodyle,
(AsC2H3)2, by treatment with metallic zinc in a special apparatus,
so constructed that all the several operations involved could be
carried out without bringing the contents in contact with air,

—

a necessary precaution, because kakodyle is a liquid which takes
fire in air spontaneously even at ordinary temperatures. Pure
kakodyle is a heavy colourless liquid boiling at about 170° C, and
freezing at - 6°. When exposed to oxygen or chlorine it suffers

destructive combustion ; but on slow access of air it is oxidized into
its oxide, (A3C2H5)20, and kakodylic acid; with chlorine water it

unites into the chloride which it came from , it also unites directly

with su'xihur and other elements ; in short, it is exactly to kako-
dyle compounds what potassium is to potash and potash '•alts,

"a true organic element," as Bunsen himself put it. This dis-

covery of Bunsen's was greeted with an enthusiasm which it is

difficult in these days to realize. With us now, a radical is

intrinsically a fiction ; it was different in 1842. By the isolation

of kakodyle the "radical" notion suddenly rose from an unproved
hypothesis to the rank of a theory based on expeiiment. Still,

however much our theoretical notions may shift, Bunsen's research

will stand as a piece of monumental scientific work.
Kakodylic acid, As. 0. (CHj),. OH, is most conveniently pre-

pared from the oxide by addition of water and oxide of mercury,

—

H20 + 2HgO supplyingthe H2 + O3 required for l(AsC2He)20. This
is a crystalline monobasic acid, soluble in water. Uniiko the

kakodylides of the As. X3 type, it has no smell, and is no very

violent poison. It takes six grains of it to kill a rabbit
Metallic Mcthides.—Examples of these are—Sb(CH3)3; S^CHj),;

Mg(CH3)2 ; Zn(CIl3)2 ; PWCHs)^; AI(CH3)3; SniCB^)^. To give an
idea of the chemical character of this interesting class of bodies we
choose einc-mcthyl as a representative exam]ile, and state briefly

the chief pointsofitschemical history. This body was discovered by

Frankland in 1849. It is prepared by boiling iodido of methyl over

granulated zinc in a flask connected with an inverted condenser, and

so contrived otherwise that the contents are (lotected against access

of moisture and oxygen. Under these circumstances the two in-

fredients gradually unite into a non-volatile and solid compound
Zn . (CII3). When thisbody is heated with more of iodide of

methyl, it undergoes decomposition, with formation of io<lide cl

zinc and of dimethyl ga.s, I—Zn—CH3 + CHjI-ZnIj J- (Clla)^,

which reaction to some extent takes place unavoidably in the pre-

paration of the zinc salt, however great on excess of metal may be

taken. What survives needs only to be subjected to dry distillation

(in the absence of air) to yield a distillate of zinc-methyl:

—

21—Zn—CH3 = ZnIj+ ZnfCH,),,
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Zinc-methyl is a colourless liquid of 1 -386 specific gravity at 10°-5,

whicli boils at IS" C. ; in contact with air it takes fire. M'atsr

decomposes it at onco iulo hydrate of oxide of zinc and marsh gas,

Zu(CHj),-Za(0H),+ 2CUjH. Of other reactions the following

may bo named. (1) When digested with sodium, it yields a precipi-

tate of metallic zinc, «nJ a double compound of itself and sodium-

methyl This latter unitoa readily with caibonic acid into acctata

of soda, NaCHj-hCOj-CHj-CO-O-Va (Wanklyn). (2) With
chloride of ocetyl it forms acetone, Zn(CH3)j-H2CHj. CO. Cl•-

ZnCl5-^2CO(CHJl.(Freund). (3) Under somewhat different condi-

tions, including the prcseme of an excess of Zn(CHj)j, a compound

U produced which with water, yields tertiary butyl-alcohol (Boutlo-

towV
CO(CHj),-)-Zn(CHj)j-0(CH3)j.O. ZnCH,-A;
' A-^2H.0H -Zn(OH),-i-CH.-i-C(CHj)j-OH.

TerQory alco>icil. (W. D.

)

METRONOJ[E, an inplrunient for denoting the speed

at which a musical composition is to bo performed. Its

invention is generally, bnt falsely, ascribed to Johann

Nepomuk Maelzcl, a native of Ratisbon (1772-1S38). It

consists of a pendulum swung on a pivot ; below the pivot

is a filed weight, and above it is a sliding weight that

regulates the velocity of the oscillations by the greater or less

distance from the pivot to which it is adjusted. The silent

metronome is impelled by the touch, and ceases to beat

when this impulse dies ; it has a scale of numbers marked

on the pendulum, and the upper part of the sliding weight

ia placed under that number wliich is to indicate the

quickness of a stated note, as M.M. (>raelzer3 Metronome)

<a = 60, or • = 72 or • = 108. or the like. The number 60

implies a second of time for each single oscillation of the

pendulum,—numbers lower than this denoting slower, and

higher numbers quicker beats. The scale at first ex-

tended from 50 to 160, but now ranges from 40 to 208.

A more complicated metronome is impelled by clock-work,

makes a ticking sound at each beat, and continues its action

till the works run down ; a still more intricate machine

has also a bell which is struck at the first of any number

of beats willed by the person who regulates it, and so

signifies the accent as well as the time.

The earliest instrument of the kind, a weighted pendtilum

of variable length, is described in a paper by fitienne Louli6

(Paris, 1696; Amsterdam, 1698). Attempts were also

made by Enbrayg (1732) and Gabory (1771). Harrison,

who gained the prize awarded by the English Goverimient

for his chronometer, published a description of an instru-

ment for the purpose in 1775. Davaux (1784), Pelletier,

Abel Burja (1790), and Weiske (also 1790) described

their various experiments for measuring musical time. In

1813 Gottfried Weber, the composer, theorist, and essayist,

proposed a weighted ribbon graduated by inches or smaller

divisions, which might be held or otherwise fixed at any

desired length, and would infallibly oscillate at the same

speed 80 long as the impulse lasted ; this, the simplest, is

also the surest, the most enduring, the most portable, and

the cheapest invention that has come before the world,

and one can but wonder that it has not been universally

accepted. Stockel and Zmeskall produced each an instru-

ment ; and Maelzel made some slight modification of that

by the former, about the end of 1812, which he announced

as a new invention of his own,and exhibited from city to city

on the Continent. It was, as nearly as can be ascertained,

in 1812 that Winkel, a mechanician of Amsterdam, devised

a plan for reducing the inconvenient length of all existing

instruments, on the principle of the double pendidum, rock-

ing on both sides of a centre and balanced by a fixed and a

variable weight. He spcmt three years in completing it,

and it is described and oommended in the Report of the

Netherlands A cademy of ii-nences, August 14,1815. Maelzel

thereupon went to Amsterdam, saw Winkel and inspected

his invention, and, recognizing its gr^at superiority to what
he called his own, offered to buy all right and title to it.

Winkel refuset', and so Maekel constructed a copy of the

instrument, to which he added nothing but the scale of

numbers, took this copy to Paris, obtained a patent for it,

and in 1816 established there, in his own name, a manu-

factory for metronomes. When the impostor revisited

Amsterdam, the inventor instituted proceedings against

him for his piracy, and the Academy of Sciences decided

in Winkel's favour, declaring that the graduated scale was

the only point in which the instrument of Maelzel difiered

from his. Maelzel 's scale was needlessly and arbitrarily

complicated, proceeding by twos from 40 to 60, by threes

from 60 to 72, by fours from 72 to 120, by sixes from 120

to 144, and by eights from 144 to 208. Dr Crotch con-

structed a time-measiuer, and Henry Smart (the violinist,

and father of the composer of the same name) made another

in 1821, both before that received as Maelzel's was known

in England. In 1882 James Mitchell, a Scotsnan, mada

an ingenious amplification of the Maelzel clock-work,

reducing to mechanical demonstration what formerly rested

wholly on the feeling of the performer. Although
" Maelzel's metronome " has universal acceptance, the silent

metronome and still more W^eber's graduated ribbon are

greatly to be preferred, for the clock-work of the other is

liable to be out of order, and needs a nicety of regulation

which is almost impossible ; i'or mstance, when Sir Georgo

Smart had to mark the traditional times of the several

pieces in the Dettingen Te Deum, he tested them by twelve

metronomes, no two of which beat together. The value oi

the machine is exaggerated, for no living performer could

execute a piece in unvaried time throughout, and nc

student could practise under the tyranny of its beat ; and
conductors of music, nay, composers themselves, will give

the same piece slightly slower or quicker on different

occasions, according to the circumstances of performance.

METSU, Gabriel, a Dutch painter of celebrity (born

in 1630, died after 1667), is one of the few artists of

renown in Holland whose life has remained obscure.

Houbraken, who eagerly collected anecdotes of painters

in the 18th century, was unable to gather more from the

gossip of his contemporaries than that, as early as 1658,

Sletsu, at the age of forty-three, submitted to a dangerous

surgical operation. The inference d^a^Tn by superficial

readers from this statement has been that death immediately

ensued. A more careful perusal would have shown that

Houbraken knew that Metsu had given lessons to Do
Musscher in 1665. Local records now reveal that Gabriel

was the son of Jacques Metsu, who lived most of his days
at Loyden, where he was three times married. The last of

these marriages was celebrated in 1625, and Jacomma
Gamijers, herself the widow of a painter, gave birth to

Gabriel in 1630. Coimected by both his parents with art,

Metsu was probably taught first by his father and then by
Gerard Dow. He probably finished his training under
Rembrandt, So far back as 1 648, but a few days earUer

than Jan Steen, who is said to have painted his portrait,

Metsu was registered in the painters' corporation at Leyden,
and the books of the guild also tell us that ha remained a
member in 1 649. In 1 650 he ceased to subscribe, and works
bearing his name and the date of 1653 give countenance to

the belief that he had then settled at Amsterdam, where he
continued his studies under Rembrandt. His comjjanions

at the time would naturally be De Hooch and Van der

Meer, whoso example he soon followed when it came to his

turn to select the class of subjects for which hio genius
fitted him. Under the influence of Rembrandt he pro-

duced the Woman Taken in Adultery, a large picture with
the date of 1653, in the Louvre, in which no one would
suspect the painter of high life or taverns were it not that

his name is written at full length on the canvas. The
artist who thus repeated the gospel subjects familiar to
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Flittck and Eeckhout was also acquainted with the Oriental

wardrobe of Rembrandt, and ready to use it, like all his

contemporaries. But he probably observed that sacred

art was ill suited to his temper, or he found the field

too strongly occupied, and happily for himself, as well

as for his admirers, he turned to other subjects for

which he was better fitted. We may doubt whether he

tried the style of allegory as illustrated in a picture of

Justice Protecting Virtue and Chastising Vice in the

gallery of the Hague. There is every reason to think that

this rough and frosty composition was wrought by quite

another master. \\Tiat Metsu undertook and carried out

from the first with surprising success was the low life of

the market and tavern, contrasted with wonderful versa-

tility b*- incidents of high Life and the drawing-room.

In each ot thess spheres he combin".d humour with expres-

sion, a keen appreciation of nature with feeling, and breadth

with delicacy of touch, unsurpassel by any of his contem-

poraries. In no single instance do the artistic lessons of

Rembrandt appear to have been lost upon him. The same

principles of light and shade which had marked his school-

work in the Woman Taken in Adultery were applied to

subjects of qiute a different kind. A group in a drawing-

room, a scries of groups in the market-place, a single figure

in the gloom of a tavern or parlour, was treated with the

utmost felicity by fir concentration and gradation of

Lfght, a warm flush of tone pervaded every part, and, with

that, the study of texture in stuffs was carried as far as it

had been by Terburg or Dow, if not with the finish or

the brio of De Hpoch. Metsu's pictures are aU in such

admirable keeping, and so warm and harmonious in Eis

middle or so cool and harmonious in his closing time,

that they always make a pleasing impression. They are

more subtle in modulation than Bow's, more spirited and
forcible in touch than Terburg's ; and, if Terburg may of

right claim to have first painted the true satin robe, he

never painted it more softly or with more judgment as to

colour than Metsu.

That Metsu married and became a citizen of Amsterdam
in 1659 would only prove that his residence in the com-
mercial capital of the Netherlands was later than historians

have generally assumed. But there is no reason to think

that Metsu claimed his citizenship at once. The privileges

of a buigass were given in exchange for a payment of dues,

and these painters had various ways of avoiding unless they

married. One of the best pictures of Metsu's manhood is

the Market-place of Amsterdam, at the Louvre, respecting

which it is difficult to distribute praise in fair proportions,

so excellent are the various parts, the characteristic move-

ment and action of the dramatis personse, the selection of

faces, the expression and the gesture, and the texture of

the things depicted. A tin can in the arm of a cook is a

marvel o: -mitation, but the cook's face is also a marvel

of expressido. Eq^ually fiiie thougt earliei are the

Sportsman (dated 1661^ and the Tavern (also 1661) at the

Hague and Dresden Museums, and the Game-Dealer's Shop,

also at Dresden, with the painter's signature and 1662.

Metsu is one of the painters of whose skill Holland still pre-

serves examples, yet whose best pictures are either in England or in

France or urthe galleries of Germany. The value of his works is

large, and at the Pommcrsfelden sale in 1867 the Jealous Husband
Dictating his Wife's Letters, thou;,'h but one of several replicas,

was bought by Lord Hertford for little short of £2000, while for

the Eido of the Prince of Orange, in the Gsell collection at Vienna,
£3000 was paid by Baron Rothschild in 1873. (J. A, C.)

METTERNICH, Clemens Wenzeslatjs, Peinct (1773-
1859), first minister of Austria from 1809 to 1848, was
the son of a Rhenish nobleman employed in high ofliice by
the Austrian court. He was bom at Coblentz in 1773.

At the age of fifteen he entered the university of Strasburg.

The French Revolution wiis then beginiMD". Everywhere

the spirit of hope gave to men's language an exaltation and
a confidence hardly known at any other epoch. But the

darker reality soon came into view. Metternich was a
witness of the riot in which the town-hall of Strasburg was
pillaged by a drunken mob ; his tutor subsequently became
a member of the revolutionary tribunal in Alsace. If we
are to trust to Metternich's own account of the formation

of his opinions, the hatred of innovation, which was the

ruling principle of his later life, arose from his experience

of the terrible results which followed at this time from the

victory of so-called liberal ideas. But in reality Metternich

was an Eiristocrat and a conservative by birth and nature.

His sentiment in things political was that of a member of

a refined and exclusive society which trusts to no intelli-

gence but its own, and hardly sympathizes with larger

interests. The aggressions and violence of the Revolution

from 1789 to 1799 gave Metternich an historical basis for

his political theories, but the instinctive preferences of his

own mind were the same from first to last. He began life

as a young man of fashion and gallantry. His marriage

in 1795 with the Princess Kaunitz, a granddaughter of the

famous minister, fixed him in the highest circle of Austrian

nobility. His first contact with the great political world

was at the congress of Rastadt in 1798, where, under the

auspices of the victorious French republic, arrangements

wfere made for compensating the German princes and nobles

whose possessions on the left bank of the Rhine had been

ceded to France by the peace of Campo Formio. Metternich

was the accredited agent of a group of Westphalian nobles;

his private letters give a vivid picture of the rough and

uacourtly diplomatists who had succeeded to the polished

servants of the old French monarchy. In 1801 Metternich

was appointed Austrian ambassador at Dresden, and in

1803 he was promoted to Berlin; but he had hardly

become as yet a prominent man in Europe. His stay at

Berlin was the turning-point of his Mfe. The war of the

third coalition was impending. Austria united with England

and Russia against Napoleon, and the task of the youthful

ambassador was to win over the court of Berlin to the

cause of the allies. Metternich seems to have done all

that it was possible for him to do ; but Prussia persisted

in its neutrality. The earnestness with which Metternich

had worked against France did not prevent him from

remaining on the friendliest terms with M. Laforest, the

French ambassador at Berlin ; and so agreeable an account

of him was transmitted to Paris by his rival that, at the

close of the conflict, Napoleon himself requested that

Metternich might henceforward represent Austria at the

TuiJeries. Metternich was accordingly sent to Paris in

1806. This was the beginning of the period when Austria,

humbled but not exhausted by the blow of Austerhtz and

by the losses accompanpng the peace of Pressburg, deter-

mined, under the leadership of Count Stadion, to prepare

for another war on a greater scale. But the sudden over-

throw, of Prussia, and the alliance between France and

Russia which was made at Tilsit in 1807, added immeasur-

ably to the diflSculties of the court of Vienna. It became

clear that Napoleon was intending to dismember Turkey,

and to gain for himself some part of the spoils of the Otto-

man empire. Metternich's advice was that Austria should

endeavour to detach the czar from the French alliance, and

by this means frustrate the plan of partition ; but, should

Russia hold fast to Napoleon, that Austria itself should unite

with the two aggressors, and secure its share of Turkey.

Oriental affairs, however, fell into the background, and

in the summer of 1808 Metternich was convinced that

Napoleon was intending to r^tack Austria, though not im-

mediately. He warmly supported Count Stadion's poliejT

in raising the forces of Austria to the highest strength

;

and, although ha did rot share the minister's hopes in a
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generM rising throughout Germany, ho expressed in his

despatches no distrust of the power of Austria to cope

with Napoleon. This is the more singular because,

after the disastrous issue of the campaign of 1809,

Metternich seems to have taken credit for having

opposed the policy of war. Napoleon again captured

Vienna ; the battle of Wagram was lost ; and after a long

negotiation Austria had to purchase peace by the cession

of part of Austrian Poland and of its Illyrian provinces.

Metternich, who had virtually taken Count Stadion's place

immediately after the battle of Wagram, was now installed

as minister of foreign affairs, "^he first striking event
that took place under hjs administration was the marriage
of Marie Louise, daughter of the emperor Francis, to his

conqueror Napoleon. To do justice to Metternich's policy

it must be remembered that the alliance of Tilsit between
France and Russia was still in existence, and that Austria
was quite as much threatened by the czar's designs upon
lurkey as by Napoleon's own aggressions. Metternich
Tumself seems, in spite of his denials, to have been the real

author of the family union between the houses of Hapsburg
and Bonaparte,—a most politic, if not a high-spirited

measure, which guaranteed Austria against danger from
lb>3 east, at the same time that it gave it at least some
prospect of security from attack by Napoleon, and enabled
Mtttemich to mature his plans for the contingency of an
iiltimate breach between France and Russia. In 1812 this

event occurred. Metternich, in nominal alliance with Napo-
leon, sent a small army into southern Russia, allowing it to
be understood by the czar that the attack was not serious.

Then followed ths annihilation of the French invaders.
Whole Prussia, led by its patriots, declared war against
Napoleon, Metternich, with rare and provoking coolness,

held his hand, merely 3tating that Austria would no longer
Tegard itself as a subordinate ally, but would act with all its

iorce on one side or the other. The result of this reserve
was that Metternich could impose what terms he pleased on
Russia and Prussia as the price of his support. "The armies
of these two powers, advancing into central Germany,
proved no match for the forces with which Napoleon took
the field b the spring of 1813 ; and the hard-fought battles
of Lutzen and Bautzen resulted in the retreat of the allies.

After the combatants had made an armistice, Met-
ternich tendered Austria's armed mediation, requiring
Prussia to content itself with the restoration of its territory
east of the Elbe, and leaving Napoleon's ascendency in
Germany almost untouched. Napoleon, after a celebrated
internew with Metternich, madly rejected terms so favour-
able that every Prussian writer has "denounced Metternich's
proposal of them as an act of bitter enmity to Prussia.
On the night of the 10th of August the congress of Prague, at
which Austria, as armed mediator, laid down conditions of
peace, was dissolved. Metternich himself gave orders for
the lighting of the watch-fires which signalled to the
armies in Silesia that Austria had declared war against
Napoleon. The battle of Leipsio and the campaign of
1814 in Franco followed, Metternich steadily pursuing the
policy of offering the most favourable terms possible to
Napoleon, and retarding the advance of the allied armies
upon the French capital. Metternich had nothing of that
personal hatred towards the great conqueror which was
dominant both in Prussia and in England ; on the contrary,
though he saw with perfect clearness that, until Napoleon's
resources were much diminished, no one could be safe in
Europe, he held it possible to keep him in check without
destroying him, and looked for the security of Austria in
tbo establishment of a balance of power in which neither
Russia nor Franco should preponderate, while Prussia
should be strictly confined within its own limits in northern
Germany. The asaiatanco of the Austiitu: army, which

was no doubt necessary to the allies, had, so far as related

to Prussia, been dearly purchased. 'WTien, at the beginning

of 1813, Prussia struck for the freedom of Germany, its

leading statesmen and patriots had hoped that the result

of the war of liberation would be the establishment ot

German unity, and that the minor German princes, who
had been Napoleon's vassals since 1806, would be forced to

surrender part of their rights as sovereigns, and submit to

a central authority. This dream, however, vanished as

soon as Austr.a entered the field as an ally. It was no

part of Metternich's policy to allow anything so revolu-

tionary as Germen unity to be established, least of all

under the influence of Prussian innovators. He made
treaties with the king of Bavaria and Napoleon's other

German vassals, guaranteeing them, in return for their

support against France, separate independence and sove-

reignty when Germany should be reconstructed. Accord-

ingly, though the war resulted, through Napoleon's

obstinate refusal of the terms successively offered to him,

in the limitation of France to its earlier boundaries and in a

large extension of Prussia's territory, the settlement of

Germany outside Prussia proceeded upon the lines laid

down by Metternich, and the hopes of unity raised in

1813 were disappointed. A German confederation was
formed, in which the minor sovereigns retained supreme
power within their own states, while the central authority,

the federal diet, represented, not the German nation, but

the host of governments under which the nation was
divided. Metternich even advised the emperor Francis of

Austria to decline the old title of German emperor, dis-

liking any open embodiment of the idea of German unity,

and preferring. to maintain the ascendency of Austria by
a gentle pressure at the minor courts rather than by the

avowed exercise of imperial rights. In this unprogressive

German policy Metternich was completely successful.

His great opponent, Stein, the champion of German unity
and of constitutional systems, abandoned his work in

despair, and refused the useless post of president of the

diet, which Metternich. with a kind of gentle irony, offered

to him.

The second branch of Metternich's policy in 1813-14
was that which related to Italy. Following the old maxims
of Austrian statesmanship, Metternich aimed not only at

seciiring a large territory beyond the Alps but at making
'the influence of Austria predominant throughout the Italian

peninsula. The promises of national independence which
had been made to the Italians when they were called upon
to rise against Napoleon were disregarded. In the secret

clauses of the first treaty of Paris the annexation of both
Lombardy and Venetia was guaranteed to Austria, and the
rest of Italy was divided into small states as of old.

Napoleon's return from Elba led to the downfall of l^Iurat,

w!io had been allowed to retain the kingdom of Naples, and
to the reunion of this country with Sicily, under the Bourbon
Ferdinand. After the second overthrow of Napoleon,
Metternich endeavoured to make every Italian sovereign
cnvei- into a league under Austria's presidency. Ferdinand
of Naples accepted the position of vassal, but the pope anJ
the king of Sardinia successfully maintained their indo.

pendenco. With the construction of the German federation,
and the partial construction of an Italian federation, both
under Austria's guidance, the first part of Metternich's
career closes. He had guarded Austria's interests with
great skill during the crisis of 1813 and 1814. It was not
his owTi fault, but the fault of ages, that Austria's interests
were in antagonism to those of German and of Italian
nationality. He thought as an Austrian, and as nothing
else ; his task was to serve the house of Hapsburg, and this
he did with signal ability and success. To denounce
Meftpvpirli OR a kind of criminal, according to the practice.
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of Prussian writersj oecause he did not work for German

unity, is to ignore the existence of such a thing as state-

policy. Judged by the ordinary standards of practical

statesmanship, not by the philosophy of history,

Metternich's action in 1813 and 1814 was that of a very

8U[)erior man ; and the qualities of calmness and dexterity

which he displayed would have given an infinitely greater

effectiveness to the life of his great rival Stein, who in

patriotic and moral enthusiasm was so far above him.

The second part of Metternich's career, which extends

from 1815 to 1848, is that of a leader of European conser-

vatism. It is difficult to describe his attitude towards

almost all the great questions which were now arising

as any but one of absolute bhndness and infatuation.

He acknowledged that exceptional circumstances in the

past had made it possible for England to exist under a

constitution; he knew that France would not surrender

the Charta given to it by King Louis XVIII.; but in all

other great states he maintained that there were no alter-

natives but absolute monarchical government and moral

anarchy. His denunciations of liberals and reformers

everywhere and at all times are perfectly childish ; and in

many instances his hatred of change led him into errors

of judgment not surpassed in the annals of political

folly. When Napoleon fell, there was a prospect of the

introduction of constitutional government throughout a

great part of Europe. King Frederick William, stimulat-

ing the efforts of the Prussian people against France by the

hopes of liberty, had definitely promised them a constitu-

tion and a j[eneral assembly. The czar had determined to

introduce parliamentary life into the kingdom of Poland,

and even hoped to extend it, after some interval, to Russia.

The Federal Act drawn up for Germany at the congress of

Vienna declared that in every state within the German
league a constitution should be established. Against this

liberal movement of the age Metternich resolutely set his

face. Though wide general causes were at work, the

personal influence of the Austrian statesman had no small

share in prolonging the existence of autocratic government,

and in developing that antagonism between the peoples

and their rulera which culminated in the revolutions of

1848. The nature of the Austrian state, composed of so

many heterogeneous provinces and nationalities, no doubt

made it natural for its representative to defend and exalt

the principle of personal sovereignty, on which alone the

unity of Austria was based ; the relation of Austria to Italy

rendered the growth of the sentiment of nationality a real

source of danger to the house of Hapsburg ; but Metternich's

abhorrence of constitutional and popular ideas was more
than the outcome of a calculating policy. He was not a
man of much faith, but one belief he held with all the force

of religious conviction,—namely, the belief that his own
task and mission in the world was to uphold established

authority. All efforts to alter the form or to broaden the

basis of government he classed under the same head, as

works of the spirit of revolution ; and in one of his most
earnest writings he places side by side, as instances of evil

Bought for its own sake, the action of the secret societies

in Germany, the Carbonaria of Italy, and the attempts of

the English to carry the Reform Bill. Working on prin-

ciples like these, and without the shadov of a doubt in

his own wisdom, Metternich naturally proved a great power
at a time when the sovereigns who had inclined to constitu-

tional ideas began to feel the difficulties in the way of

putting them into practice. Metternich's advice, tendered

with every grace of manner and with the most winning
and persuasive art, was indeed not hard for rulers to accept,

for he simply recommended them to give up nothing that

they had got. It was at the congress of Aix-la-Chapelle

(1818) that the retrograde tendency, which was now suc-

ceeding to the hopes of 1815, first gained expression. An
agitation among the students at the German universities had

caused some scandal in the previous year, and secret societies

had just been discovered in Russia. Metternich plied the

king of Prussia with arguments for withholding the national

representation which he had promised to his people, and

stimulated the misgivings which were arising in the mind

of the czar, hitherto the champion of European liberalism.

A few months later the murder of Alexander's German
agent^ Kotzebire, by a fanatical student gave Metternich an

excellent pretext for organizing a crusade against German
liberty. A conference of ministers was held at Carlsbad.

The king of Prussia allowed his representative to follow

Metternich's . lead. The resistance of the constitutional

minor states proved of no avail ; and a series of resolutions

was passed which made an end of the freedom of the prc^s

throughout Germany, and subjected the teaching and the

discipline of the universities to officers of state. A commis-

sion was established at Mainz to investigate the conspiracias

which Metternich alleged to have been formed for the over-

throw of all existing governments, and for the creation of a

German republic, one and indivisible. In the following year

new articles were added by Metternich's direction to the

original Federal Act, the most important being one thai

forbade the creation in any German state of an assembly

representing the community at large, and enforced the

system of representation by separate estates or orders, each

possessed of certain limited definite rights, and all alike

subordinate to the supremacy of the crown. Metternich

would gladly have made an end of the parliamentary con-

stitutions which had already come into being in Bavaria and

the southern states; but he was unable to attack them

openly, and had to confine himself to the advocacy of

strict monarchical principles through his representatives at

these courts. With regard to Prussia, however, he was

completely successful. The king of Prussia broke his

promise of establishing a national representation, and

satisfied his conscience by creating certain powerless pro-

vincial diets, exactly as Metternich had recommended him.

Throughout Germany at large a system of repression was

carried out against the advocates of constitutional right.

The press was silenced ; societies were dissolved
;
prosecu-

tions became more and more common. While Metternich

imagined himself to be stifling the spirit of discontent, he

was in fact driving it into more secret and more violent

courses, and convincing eager men that the regeneration

of Germany must be sought not in the reform but in the

overthrow of governments.

Meanwhile revolution broke out in Spain and Italy.

Ferdinand of Spain, who had restored despotism, was com-

pelled, in March 1820, to accept the tonstitution of 1812

which he had subverted. The same constitution was

accepted a few months later by Ferdinand of Naples.

Spain was outside Metternich's range, but his hand fell

heavily upon Naples. A congress of the great powers was

held at Troppau in October 1820. Metternich, who was

president, as he had been at Vienna, and continued to be in

later congresses, completely won over the czar to his own

views. Resolutions in favour of an intervention, if neces-

sary by force of arms, against the Neapolitan liber^ Govern-

ment were adopted by Austria, Russia, and Prussia, though

England and France held aloof. The congress was then

adjourned to Laibach in Carniola, whither Ferdinand of

Naples was summoned, in order that he might mediate

between the powers and his people, and induce the lattci

to give up a constitution which offended the three ncrther.s

courts. Ferdinand's journey and mediation were an impos-

ture as regarded the Neapolitans; ht pretended that he

went to negotiate on behalf of his people, when in f "t his

intention was exactly the same as Sletternich's, nami-l^-, tc
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have absolute monarch; restored. The proceedinga of

the congress at LaiKich were a farce. A letter was
concocted by Metternich for King Ferdinand to send to

his subjects, informing them that the powers would not

permit the constitution to exist, and that, in default of

their submission, the allied courts would employ force.

The British Government, while protesting against the joint

action of the three powers as an assumption of international

sovereignty, was perfectly willing that Austria, as a state

endangered by the Neapolitan revolution, should act on

its own account. Metternich, however, continued to treat

the Neapolitan question as the affair of Europe, and
maintained his concert with Russia and Prussia. Early

in 1821 an Austrian force, acting in the namp of the allies,

entered central Italy. The armies opjxised to it col-

lapsed, and the Austriaiis entered Naples on March 24.

But in the meantime a revolution broke out in Pied-

mont, which threatened to cut off the Austrians from
their supports, and to raise aU Italy against them. For a
moment the bold action of Metternich seemed to have

resulted in immense danger both to his own conservative

policy and to the peace of Europe ; for it was believed that

the Piedmontese revolution would be answered, not only

by a general Italian movement, but by a rising against

the Bourbons in France. The cloud, however, passed away.
Order was quickly restored in Piedmont ; Lombardy was
safely held by Austrian garrisons; and the conclusion of

the Italian difficulties, in which' Metternich had played a
very difficult part with great resolution and dexterity, was
liis complete and brilliant personal triumph. No statesman
in Europe at this moment held a position that could com-
pare vrith. his own.

At the congress of Verona, held in 1822, the affairs of

Spain were considered by the powers. In the end, the
Spanish constitution was overthrown by a French invading
army ; but, though the arm employed was that of France,
the principle of absolutism which animated the crusade
was that which Metternich had tnade his own. A severe

check, however, now met him in another quarter. Greece
had risen against Turkish rule in 1821. The movement
was essentially a national and a religious one, but Metternich
treated it as a Jacobinical revolt against lawful authority,

—confusing, or affecting to confuse, the struggle for national

independence with the shallow and abortive efforts of politi-

cal liberabsm in Italy and Spain. Metternich's attitude
towards the Greeks was for some time one of unqualified
hostility. If, under the pressure of the Tilsit alliance, he
had once been willing that Austria should join Russia in

dismembering Turkey, he had now reverted to the principle
of maintaining Turkey at all costs against a Russian
advance southwards ; and he attributed the Greek move-
ment to the efforts of Russian agitators unauthprized by
the czar. His desire was that the sultan should deprive
Russia of all possible cause for complaint as regarded its

own separate interests, and so gain freedom to deal sum-
marily with the Greeks. Metternich's hopes failed, partly
through the obstinacy of the Turks, partly through the
wavering conduct of Alexander, and partly through the
death of Castlereagh and the accession of Canning to
power. It was in great part owing to Canning's moral
support that Greece ultimately became an independent
state; and the extraordinary violence of Metternich's
language whenever he mentions this English statesman
marks only too well the opposite character of his aims.
No politician has left a more damning record against
himself than Metternich in his bigoted abuse of Canning.
The Greek question, however, was only the first on which
the judgment of events was now beginning to declare itself

agaijist Metternich and all his principles. The French
revolutiou of 1830 shattered the moral fabric which he

had so proudly inaugurated, and in great part hioseli

raised, in 1815. The accord that grew up between

England and France now made any revival of the

kind of presidency that he had once held in Europe

impossible. He was indeed bold and rapid 'in throw-

ing troops into the papal territory when revolutionary

movements broke out there in 1831 and 1832, though war
with France seemed likely to result from this step. He
was as unsparing as he had been in 1819 in suppressing the

agitation which after 1830 spread from France to Germany;
and the union of the three eastern courts was once more
exhibited in the meeting of the inonarchs which took place

at Munchengriitz in 1833, and in a declaration delivered at

Paris, insisting on their right of intervention against

revolution in other countries. It was, however, the new
czar of Russia, Nicholas, who was now the real head of

European conservatism ; and the stubborn character, the

narrow, unimaginative mind, of this prince made it

impossible for Metternich to shape his purposes by that

delicate touch which had been so effective with his pre-

decessor. But in Austria itself Metternich continued

without a rival. In 1835 the emperor Francis, with

whom ho had worked for nearly thirty years, died.

Metternich, himself falling into the mental habits of old

age, remained at the head of the state till 1848. The
revolution of that year ended his political career. He
resigned office with the dignity of demeanour which had
never failed him ; his life was scarcely safe in Vienna, and
the old man came for a while to England, which he had
not visited since 1794. Living on till June 1859, he saw
every great figure of his earlier life, and many that had ap-

peared on the horizon since his own prime, pass away; and
a few more months of life would have enabled him to .see

the end of that political order which it had been his life-

work to uphold ; for the army of Napoleon III. was crossing

the Sardinian frontier at the moment when be died, and
before a second summer had gone Victor Emmanuel had
,been proclaimed king of Italy.

Metternich was a diplomatist rather than a statesmatL

His influence was that of an expert manager of individuals,

not of a man of great ideas. All his greatest work waa
done before fifty ; and at an age when most statesmen are

in the maturity of their powers he had become tedious

and pedantic. His private character was very lovable.

He was an affectionatq; if not a faithfiil husband, d
delightful friend, and a most tender father. The ex-

cessive egotism which runs through his writings gives

perhaps an impression of weakness which did not really

belong to his nature. Drawn by a firmer pen, the scene
in which he describes himself labouring in the German
conferences of 1820, while his favourite daughter was d3ring

in an adjoining room, would have been one of the most
aiiecting things in political biography. The man who
could so have worked and felt together must have possessed
no ordinary strength of character, no common force of self-

control.

The collection of Metternich's writings published by his iamil;
under the title of Denkwiirdigkeiten, along with French and
English editions, contains letters and despatches of great value.
The autobiography is not always trustworthy, and must be read with
caution. Gentz'a correspondence is of first-rate importance for the
years 1813-30. Original papers are also contained in variona
German works upon particuui events or movements, as in
Oncken for the negotiations of 'J8I3 ; Welcker, Aegidi, Nauwerck
for German affairs in 1819 and following years ; Prokesch von
Osten for Eastern affairs. (C.A. F.)

METZ, the capital of German Lorraine, and one of the
strongest fortresses in Europe, is situated at the confluence
of the Moselle and the Seille, 80 miles to the north-west
of Strasburg, and 190 miles to the east of Paris. It is

the seat of a military governor, the judicial and administia
tive authorities of Lorraine, a Roman Catholic bishop
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Protestant and Jewish consistories, and a chamber of com-
merce. The general appearance of the town is quaint and
irregular, but there are also many handsome modern streets.

The Moselle flows through it in several arms, crossed by
fourteen or fiftijen bnJgea. in the south-west corner of

the town is the esplauada, an extensive open space com-
manding a fine view of the fertile " Pays Messin " around
Metz. The most interesting of the ten city gates is the

Porte d'Allemague or Deutsches Thor, a castellated structure

erected in 1445, and still bearing traces of the siege of

Charles V Metz contains seven Roman Catholic churches,

two Protestant churches, and a synagogue. The cathedral,

with huge pointed windows, slender columns, and numerous
Hying buttresses, was begun in the 13th century, and
finished in 1546, and belongs to the decadence of the
Gothic style. The Gothic churches of St Vincent and St
Eucharius, and the handsome garrison-church, completed
in 1881, also deserve mention. Among secular buildings

the most important are the largo covered market, the

town-hall, the palace of justice, the theatre, the governor's

house, and the various buildings for military purposes.

The public library contains 35,000 volumes, including an

I. Palace of JnaUce.

Metz and Neighbourhood.

2. Prefectore. 8. Cathedi^ 4. Town-Hall and Govcmor'3 Hooso.

extensive collection of works relating to the history of

Lorraine. In the same building is the museum, which

contain.1 a pictiire gallery, a numismatic cabinet, and a

collection of specimens of natural history. Metz also

possesses several learned societies and charitable institu-

tions, a gymnasium, three seminaries, and a military

academy. Th«! cemetery of Chambifere contains the graves

of 8400 French soldiers who died here in 1870.

The commerce and industry of Metz have not yet

entirely recovered from the blow inflicted by the with-

drawal of French capital in 1871. The principal articles

of manufacture are leather, coarse cloth and canvas, gun-

powder, arms, needles, billiard tables, hats, and artificial

flowers. There are several large iron-works in the neigh-

bourhood. The trade of Metz La chiefly carried on in

leather, timber, wine, brandy, liqueurs, beer, preserved

fruits, and hardwares. A large annual fair is held here.

The civil population of Metz, which in 1869 amounted

to 48,066, sank in 1872 to 33,134. Since then it has

steadily increased, and in 1881 was 43,275, about half

of whom were Germans. The garrison of Metz consists

of 10,000 men, or including the surrounding forts

nearly 16,000. The total of 58,813 includes 17,000 Prw
testants and 1600 Jews.
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Bistory.—'ilitz, the Gallic Divodurum, was tho chief town of the

Mcdiomatrici, add was also called by the Uomaus Jlcdiomatrica, a

oaroe from which tho present form has been derived by contraction.

Caesar describes it as one of the oldest and most important towns

in GauL Tho Romans, recognizing its strategical importance,

fortified it and supplied it with water by an imposing aqueduct,

the remains of which still exist. Under the Roman emperors Metz

was connected bv military roads with Toul, Langres, Lyons, Stras-

burg, Verdun, liheims, and Treves. Christianity was introduced

in the 3d century of our era. In the middle of the 6th century

the town was plundered by the Huns under Attila ; subsequently

it came into the possession of the Franks ; and in 512 it was made

tho capital of Austrasia. On the partition of the Carolingian

realms in 848 Sletz fell to the share of the western kingdom as

the capital of Lorraine. Its bishops, whose creation reaches back to

the 4lh century, now began to be very powerful. Metz acquired

the privileges of a free imperial town in the 12th centnry, and

attained great commercial prcsperity. In 1552 it fell into the

hands of tho French through treachery, and was heroically and

•uccessfully defended against Charles V. by the young duke of

Onise. It now sank to the level of a French provincial town, and

its population dwindled from 60,000 to 22,000 (1698). At the

peace of Westphalia Metz, with Toul and Verdun, was formally

reded to France, in whose possession it remained for upwards of

two centuries. In August 1870 the successes of the German troops

compelled Marshal Bazaine and the French army of the Rhine

to seek shelter behind the fortifications of Metz, which ^as forth-

with subjected by the Germans to a rigorous blockade. After an

investment of ten weeks, during which not a single shot was fired at

the to\vn, Bazaine capitulated, surrendering to the victors an army
of nearly 180,000 men, several hundred cannon, and an immense
^nantity of military stores of all kinds. By the peace of Frankfort

in 1871 Metz was again united to the German empire. Jlarshal

Fabert and Generals Custino and Kellermann were natives of Metz.

As a fortress Metz has always been of the highest importance,

and it now ranks with Strasburg as one of the two great bulwarks

of the west frontier of Germany. The original town-walls were
rcpli«;ed by ramparts in 1550, and the citadel was built in 1566. In

1674 the works were reconstructed by the celebitited military

engineer Vauban. Under Napoleon 111. the fortress was strength-

ened to meet the demands of modern warfare, and since 1871 the

Germans have spared neither time nor money in completing and
supplementing his plans. The present fortifications of Metz con-

sist of two lines—an inner circle of bastions and ramparts enclosing

the city itself, and an outer circle of largo detached forts on the

surrounding hills. The inner line is strengthened by two citadels,

one of which is advanced as a tete-de-pont on the left bank of the

Moselle. The outer circle consists of nine or ten large forts, con-

nected with each other by smaller fortifications and commanding
all tho approaches to the city. They form a large fortified camp
with a circumference of 15 miles, within which arc twelve villages

and numerous country-houses and farms. Tho most distant of

the outlyiug forts is about 3J miles from the cathedral. Their
names and positions may bo seen on tho annexed plan. Previous
to 1870 the fortress of ifetz had never succumbed to an enemy.

Sourer* of Information.—\ic^\\<^ti\,Oeichichtt der Studt ileU, 1S75-78; Georg
\jtnK' ^*^' *""' *""« I'mgebungtn, 1S83, and Statistiiehtopograpltiiches Iland-
bitrh filr Lothringfit, The oOlcinl German account of the bluckadc of if etz-'in 1870
will b« found in the history of tlic Franco-German var i^ucd by the pcneral
ttaff nl Bcilin. 1872 »^. A succinct account Is given by Gcorg Lang, DU Kriegt-
cfxrationfi urn itfU !.•;» Jahi- 1870, 2d ed., Metz, 1880.

MEULEX, Ajntony Franxis tan de» (1634-1690),
was called to Paris about 1666 by Colbert, at the instance

of Le Brun, to fill the post of battle painter to Lonis XIV.
Born in 1634 at Brussels, he had at an early age eclipsed

his master Peter Snayers, and the works executed by him
for the king of France during the campaigns of Flanders

(1667) so delighted Louis that from that date Van der
Meulen was ordered to accompany him in all his expedi-

tions. In 1673 ho was received into the French Academy,
and attained the grade of councillor in 1681. Lodged in

the Gobelins, richly pensioned, and loaded with honours,

he died at Paris in 1690. Detaohcd works from his hand
are to be seen in various collections, but he is best repre-

sented by the series of twenty-three paintings, mostly
executed for Louis XIV., now in the Louvre. They show
that he always retained his Flemish predilections in

point of colour, although in other respects his stylo was
modified by that of the French school.

See ilim. inidit. Acad, de Peinlure, 1854 ; Descamps, Vies des
Ptittlns Flamands

MEURTHE-ET-MOSELLE, a department in the north-
east of France, formed in 1871 out of those parts of the

i

ow departments of Meurthe and Moselle whicli continued

French, and deriving its name from the two principal rivers

which water it. Prior to 1790 it belonged to ancient

Lorraine, or to one or other of the bishoprics of Toul, Metz,

and Verdun. It lies between 5° 25' and 7° 5' E. long,

and 48° 25' and 49° 5' N. lat., and is bounded on the E.

by Alsace-Lorraine, on the N. by Belgium and the grand-

duchy of Luxemburg, on the W. by the department of

Meuse, and on the S. by that of Vosges. The superficial

area is 2020 square miles. Geologically Meurthe-et-

Moselle has five well-marked regions following each other in

regular succession from east to north-west. On the frontier

of Alsace are the Vosges. mountains, of Trias sandstone

(ffres Vosgieiis), with a maximum elevation of 3000 feet.

A narrow band of variegated sandstone divides the Vosges

from the second region, formed of shelly limestone, which

extends as far as the Meurthe on the north and the Moselle

on the west. The third region is formed by the variegated

marls which cover the rich saline strata of the neighboiu"-

hood of Nancy. The Jura limestones of the Lias and

Oolite, to the north-west and west of the department, form

the last two regions. Here there is a maximum elevation

of 1400 feet, and the plateau of Briey stretches out towards

that of the Ardennes. Between the Vosges and the

Ardennes the valley of the Moselle runs from south to

north, forming the main artery of the department; the

lowest level (570 feet) occurs where the river leaves it.

Only a small part of the drainage of Meurthe-et-Moselle

flows into the Meuse. The Moselle runs north-west from
its entrance into the department as far as Toul ; north-east

from Toul to Frouard, where it receives its principal

affluent, the Meurthe, and becomes navigable ; north from
Frouard to Pagny-sur-MoseUe, passing to Pont h Mousson.
The principal affluents of the Moselle are the Madon and
the Orne on the left, and on the right, besides the Jleurthe,

the Seille, which in one part of its course forms the

boundary of Alsace-Lorraine. The Meurthe, which flows

to tie north-west from Kaon I'Etape to Frouard, passes on
to Baccarat, Lunt^viUe, St Nicholas, and Nancy, and is

swelled on the right by the Vezouse and the Sanon, and
on the left by the Mortagne. The principal tributary of

the Meuse within the department is the Chiers, which takes
its course by Longwy and Longuyon. CUmatologically
Mevu-the-et-Moselle belongs to the Vosgian region. Its

mean annual temperature is 52° Fahr., being 2° Fahr.
lower than that of Paris (which has the same latitude).

The thermometer in severe winters falls to 13° Fahr.,
while in summer it reaches 100° Fahr. This is to be
accounted for by the general elevation of the department,
the proximity of the mountains, the arrangement of the
valleys (which lie open towards the north), and the dis-

tance from the sea.

More than half of the department consists of cultui-able land, one-
fourth of forests, and one-tenth of meadow land. In 1878 there
were 54,340 horses, more than 100,000 sheep, 85,000 pigs, 74,000
cattle, 15,000 goats, 21,000 dogs, and 17,000 hives of bees. The
crops for the same year amounted to 454,192 quarters of wheat,
37,500 quarters of bariey, 35,078 quarters of rye, 570,884 quarters
of oats, 9,079,125 bushels of potatoes, and 76,868 tons of hcet-root.
Hoi.s, tobacco, colza, hemp, and ilax also occupy a considerable
area. The annual yield of the vineyards (56 square miles in extent)
exceeds £900,000; the wines of Toul are the best. The most
common frnit trees are the pear, the apple, the walnut, the cherry,
and the plum. Of forest trees the oak and the wych-elm are most
frequent in tho west of the department, the beech and the fir in
the Vosges. The French school of foresti-y has its seat at Nancju
Tho metallurgic industry is highly developed, and has made very
rapid progress within tho last few years. Even in 1872 there
was a consumption of 350,000 tons of coal, four-fifths of which
came from Saarbruck, and the remaining fifth from Belgium. In
1877 the iron ore oMained amounted to 1,000,000 tons, of which
two-thirds came f.om tho beds near Nancy, the remainder from
the neighbourhood of Longwy. In 1880 the dop-irtment produced
a third of the pig-iron made in Fiance (more than 500,000 tons).
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In (877 the yield was 43,000 tous. Besides blast-furnaces, forges,

an. roiIin^-mills, there are manufactories of files and boring tools,

a"\,cultural implements, and furuituro. In tho production of salt

the dc|iartiucnE holds tho first rank in France ; the salt-bearing

tracts cower more than 150 square miles, the beds having a mean
tiiickncssof65 fctt. The principal salt-working centres (St Nicolas,

VarangcviUe, and Rosieres-aux-Salines) lie between Nancy and

LunevTllc ; the annual value of rock-salt and refined salt produced

exceeds £000,000; subsidiary to this production is an important

manufacture of soda salts. The other chemical products are

prussiato of potash, bone black, wax-candles, soap, and jnatchfs.

Stone quarrying and the manufacture of plaster and lime are also

important braiiohes of industry. The flint-glass manufactory of

Baccarat, which employs nearly 1500 workmen, is well known;

that of plate-glass at Cirey (with 1000 workmen) produces plates

of great size. The faience manufactories of Luneville, Toul, and

Loiigwy are important. Mention may also bo made of the

niaiiufacuire of wimlow-glass, watch-glasses, and drinking-»lasses.

The toUac'O manufacture at Nancy employs 1000 Worknjen ; tan-

ning, glove-making, hat-niakirrg in felt and straw, wool-spinning,

and the nianuf.ictiue of army clothing are also carried on. Nancy

is rcuowued for its embroidery, which is, however, diminishing

in importance. It also possesses factories for cotton tpinuing

ani cotton stult«, and for hosiery. The starch manufactories and

tho breweries, especially that of Tantonville, the largest in France,

aic highly productive. Nancy also carries' on distilleries, grain-

mills, piper-iiiills, manufactories of pastaboard objects, and a large

punting establishment. The conimerco of the department is etfec-

tively served by 300 miles of railway (the principal line beint; tha"-.

from Fan? to Stiasburg through Nancy), by a number of good roads,

and by 6ever.il navigable rivers and canals. The main waterway

is formed by the can.al between the JJarne and the Rhine, which

runs by Toul aud Nancy, and traverses the department from west

to east. This canal communicates with tlie Moselle, which is navig-

able from Frouard downwards, and with the now eastern canal,

v;hich raascemls tho Moselle as far as Spinal, and which is intended

to -.inito the Meusc and the Moselle with the Safljie and the Rlione.

The population of Jleurthe-et-iloselle in 1881 was 419,317 in-

hiu;''<nts. It constitutes the diocese of Nancy, has its court of

aj.ijsal it Nancy, and forms a part of the district of the 6th army

u -ps ^Cl.alons-sur-Marne). There are 4 arrondissements (Nancy,

Bricy, Luneville, and Toul}, 29 cajitons, and 597 communes. The
capital is Nancy, and the other principal towns are Pont ^ llousson,

formerly the seat of a university ; Longwy (5064), a fortified place ;

and Baccarat (6013), celebrated for its glass-works.

MEUSE, Maese, or Maas, a river of France, Belgium,

and Holland, discharging into the North Sea or German
Ocean, has a course (variously measured) of some 500 or

^50 miles, about 300 miles lying within France. Rising in

the deiiartraent of Haute-Marne (1342 feet), at a point

where the (ilateau of Langres borders on the Jlonts Faucilles,

it follows a winding course, first from south to north, then

to north-west, and afterwards to north, across the depart,

ments of Vosges, Mouse, and Ardennes, passing by

Neufchateau, Vaucouleurs, Commercy, St Mihiel, Verdun,

Sedan, Mczi^res, and Givet. Naturally navigable below

Verdun, it has been made so from Troussey, where it meets

the canal which unites tho Marne to the Rhine, and from

this point to Lidge it admits vessels of from 6 to 7 feet

draught. After traversing a wide valley covered by green

meadows, the Jleusc, below M6zi6res, flows through narrow

gorges confined between rocky walls 200 or 300 feet high,

formed by the plateau of the Ardennes. The hills of the

Argonne, by which it is hemmed in on its upper course,

prevent its receiving any important affluent before the

Chiers and the Semoy, which both fall into it on the right

in the Ardennes. At the point where it leaves France its

ordinary volume is about 1000 cubic feet. In Belgium it

runs picturesquely be>tween the districts of Famenne and
Condroz on the right, and those of Les Fagnes and Hesbaye

on the left. Above Dinant it receives the Lesse, whose
valley is celebrated for its wonderftJ grottoes, and at the

foot of the citadel of Namur it is joined on the left by its

principal affluent, the Sambre, whose north-easterly direction

it takes. It then takes its course through tho busy valley

ia which Huy, Seraing, and Liege are situated, receiving

the Ourthe on its right. Resuming a northerly direction,

then taking one> to the north-west, and finally one to the

west, the Meuse passes in front of the Dutch citadel of

Maestricht to Roermonde, so caUed from its confluence

there with the Roer, and to Venlo, where the canal between

the Meuse and the ScBeldt begins. Flowing thence through

an absolutely unbroken plain, it finally joins the Rhine, to

which it gives its own name, although the volume of its

waters is twenty times less than that of the German river.

It is at Gorcum that the Waal, the first separate arm of

the Rhine, brings to the Meuse two-thirds of the waters

of that river. The Meuse soon after divides into two

branches. While the Merwede flows due west, the southern

arm falls into the Biesbosch, an estuary of the sea, formed

four hundred and fifty years ago by an irruption of the sea

over a country then cultivated and thickly peopled, and now
the subject of attempts at reclamation. On reaching

Dordrecht, where the river navigation and sea navigation

meet, and where the rafts which come down from the

Black Forest are broken up, the Meuse again divides into

two arms. The Old Meuse flows due west, while the

northern arm joins the Lek, a second branch of the Rhine,

and continues its course to Rotterdam. This is the most

important branch of the estuary of the Meuse, and efforts

are being made to regulate and deepen its channel by con-

structing one of those grand canals in which the Dutch

are so skilful. Schiedam and Vlardingen, both_ on the

right, are the last places of importance on the banks of

the river.

MEUSE, a department in the north-east of France,

formed out of a part of Lorraine and portions of the Three

Bishoprics, the Clermontais, and Champagne, derives its

name from the river by which it is traversed from south

to north. It lies between 4° 52' and 5° 50' E. long., and

between 48° 25' and 49° 38' N. lat., and is bounded on

the N. by Belgium and the department of Ardennes, on

the E by that of Meurthe-et-Moselle, on the S. by

those of Vo3g«B and Haute-Marne, and on the W. by

those of Marne and Ardennes. Of its superficial area (2405

square miles), about one-half belong's to the basin of the

Meuse^ which is enclosed to the east and west by the

eastern and weptern Argcnnes. On the norlh-east it is

watered by the Orne, a tributary of the Moselle, and the

Chiers, which runs by Montm^dy, and joins the Meuse a

little beyond the northern limit of the department. The

other half sends its waters to the Seine through the Aire, a

tributary of the Aisne, both of which take their rise here,

and by the Ornain, an affluent of the Saux, these two last

being tributary to the Marne. The Meuse receives no

important river in its course through this department. The

highest elevation (1388 feet) occurs to the south-west, on

the line of the ridge which separates the basin of the

Meuse from that of the Seine. The heights gradually sint

from south to north, but seldom fall below 1000 feet. The

hiUs of the western Argonne similarly sink rapidly down to

the valley of the Saux, where the lowest level of the

department ^377 feet) is reached. The cliraate of Meuse

Is transitional between the region of the Seine and that of

the Vosges ; its winters are less severe than those of the

latter, but it is not so temperate as the former. The mean

annual temperature is 52° Fahr. As at Paris, the maximum

cold is 9° Fahr.; the greatest heat rarely exceeds 95°

Fahr.

More than half the surface of the department consists of cultur-

able lands, one-fourth of forest, one-tenth of meadow land. The

proportion of hors-s is larger than in any other French depart-

ment, excepc La Manche. There are 53,800 horsei, 90,000 cattle,

145,000 sheep, 125,000 pigs, and nearly 30,000 beehives. -Cereals

potatoes, and beet-root ore tlie ciifcf crops (in 1877 465,966 quarters

of wheat, 104,660 qu.irters of barley, 585,355 quarters of oats,

7,677,374bu3helsof potatoes, besides puis*, hemp, and coka). The

vineyards produced more than 6,600,000 gallons of wine of good

quality. The forests, which are principally of oak, are rich in

game, as are the rivers in fish. The mineral wealth of the depart-



206 M E X — M E X
ment includes iro« ore, gowl freestone, and fossil phosphates of lime.

There are blast-furDaces, iron, copi/cr, and bell fuumlries, wire-

works, and manufactories of lies, Imrdware, and edge tools. The

cotton-spinning factories employ 15,000 s|'indlcs and 32,000 frames ;

the woollen mannfaeluro employs ioOO spindles, and some miiidreds

o{ persons are employed in the spinning «n.l weaving of hcinp, (lax,

and jute. The glass-works (particularly the mani.factory of painted
j

window-gUss, transferred alter the war of IS70 from ilctz to Bar- i

le-Duc), paper-mills, saw-mills, and flour-mills, as well as the

manufactures of lime, tiles, and lire-bricks, aro worthy of mention. I

Hosiery and embroidery also give occupatiou to a great number of

workshops, and the department is celebrated for its confection cry.

Mouse contains more than 300 miles of railway,—the nrincipal lines

being that from Paris to Strasburg llirough bar-lo-Ouc and Com-

mercy, that from Paris to Metz through Verdnn, and the branch

line to the Jleuso. The chief waterways are the canal connecting

the Marne with the Kbiue, and the canal of the Meuse ; the two

together have a lenglL of 146 miles. The population of the depart-

ment in 1881 was 289,861,—a small .lumber in proportiou to

its extent, and with a tendency to decrease. Ecclesiastically it

forms the diocese of Verdun ; it has its court of appeal at Nancy,

and constitutes part of the district of the arn.y corps of Chalons-

sur-Maruc. There are 4 urondissements,— Barlc-Duc, Commercy,

MontmeJy, and Verduu,—28 cantons, and 586 communes. Bar-

le-Duc (population in 1881, 17,485) is the capital
;
Commercy

has 5260 inhabitants aud Jlontmcdy 3000 ; St Jlihiel (5915), on

tlio Meuse, has good churches aud some remarkable rocks, and k

the scat of the departmental assize court.

MEXICO
I. ANCIENT MEXICO. 1

T
HF. name Mexico is connected with the name of the

group of American tribes calling themselves Menca
(sing. Mtncatl), or Azteca. The word is related to or

derived from the name of the Jlexican national war-god

Mexitl, better known as Huitzilopochtli. The Aztecs from

the 12th century appear to have migrated from place to

place over the mountain-walled plateau of Anahuac, the

country " by the water," so called from its salt lagoons, and

which is now known as the valley of Jlexico. About 1325

they founded on the lake of Tezcuco the permanent settle-

ment of Mexico Tenochtitlan, which is still represented by

the capital city Mexico. The name Jlesico was given by

the Spanish conquerors to the group of countries over

which the Aztec power more or less prevailed at the time

of the European invasion. Clavigero (Storm Antica del

Messico, vol. i.) gives a map of the so-called "Mexican
empire," which may be roughly described as reaching from

the present Zacatecas to beyond Guatemala ; it is notice-

able that both these names are of ilexican origin, derived

respectively from words for " stro.w " and " wood." Eventu-

ally Mexico and New Mexico came to designate the stUl

vaster region of Spanish Nor.h America, which (till cut

down by changes which have limited the modern republic

of Mexico) reached as far as the Isthmus of Panama on

the south and took in California and Texas on the north.

Mexico in this wide sense is of high interest to the

anthropologist, from the several native American civiliza-

tions which appear within its limits, and which con-

veniently if loosely group themselves round two centres,

the Mexican proper and the- Central American.

When early in -the 16th century the Spaniards found

their way from the West India Islands to this part of the

mainland of America, they came in view of nations cultured

high above the level they had hitherto met with in the New
World. Here were not rude and simple tribes like the

islanders of the AntiUes, but nations with organized armies,

official administrators, courts of justice, high agriculture

and mechanical arts, and, what struck the white men
especially, stone buildings whose architecture and sculpture

were often of dimensions and elaborateness to astonish the

builders and sculptors of Europe. How a population of

millions could inhabit a world whose very existence had
been till then unknown to geographers and historians, and
how its nations could have reached so high a grade of

barbaric industry and grandeur, was a problem which

naturally excited the liveliest curiosity of scholars, and gave

rise to a whole literature. Hernandez and Acosta shared

the opinion of their time that the great fossil bones found

in Mexico were remains of giants, and it was argued that,

as before the deluge there were giants on the earth, there-

fore ilexico was peopled from the Old World in ante-

diluvian times. On the other hand the multitude of

native American languages suggested that the migration

to America took place after the building of the tower of

Babel, and Siguenza arrived at the curiously definite result

that the Mexicans were de.scendeJ from Naphtubim, son of

Mizraim and grandson of Noah, who left Egypt for Mexico

shortly after the confusion of tongues. Although such

speculations have fallen oat of date, it is to be remembered

in their favour that they were stepping-stones to more valid

argument ; especially they induced the collection of native

traditions and invaluable records of races, languages, and

customs, which otherwise would have been lost for ever.

Even in the present century Lord Kingsborough was led

to spend a fortune in printing a magnificent compilation of

Mexican picture-writings and documents in his Anliqiiities

of Mexico by. his zeal to prove the theory advocated by

Garcia a century earlier, that the Mexicans were the lost

tribes of Israel.

Real information as to the nations of Mexico before

Spanish times is very imperfect, but not altogether want-

ing. It is derived partly from inspection of the native.^

themselves, their languages and customs, which may be

now briefly considered, before going on to the recollections

handed down in the native picture-writings and oral tradi-

tions. The remarks made by the accurate and experienced

observer Alexander von Humboldt, who had seen more
American tribes than almost any traveller, are still entitled

to the greatest weight. He considered the native

Americans of both continents to be substantially similar

in race-characters. Such a generalization will become
sounder if, as is now generally done by anthropolo-

gists, the Eskimo with their pyramidal skulls, dull

complexion, and flat noses are removed into a division

by themselves. Apart from these polar nomads, the

American indigenes group roughly into a single race

or division of mankind, of course with local variations.

If our attention is turned to the natives of Mexico especi-

ally, the unity of type will be found particularly close.

The native population of the plateau of Slexico, mainly
Aztecs, may stiU be seen by thousands without any trace of

mixtiu-e of European blood ; and the following description

may give a fair idea of their appearance.^ Their stature is

somewhat low, estimated about 5 feet 3 inches, but they
are of muscular and sturdy Build. Mea.surements of their
sktills show them mesocephalic (index about 78), or inter-

mediate betw^een the dolichocephalic and brachycephalic
(narrow and wide skulled) types of msnkind. The face is

oval, with low forehead, high cheek-bones, long eyes
sloping outward towards the temples, fleshy lips, nose vride
and in some cases flattish but in others aquiline, coarsely
moulded features, with a somewhat stolid and gloomy
expression. Thickness of skin, masking the muscles, has
been thought the cause of a peculiar heaviness in the out-
lines of body and face ; the complexion varies from yellow-
brdwn to chocolate (about 40 to 43 in the anthropological

• References may be foond in Bancroft, Kalive Races of the Pacific
States, vol. i. pp. 24, 573, 618, 646.
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scaJe) ; eyes black ; straight coarse glossy black hair

;

beard and moustache scanty. Among variations from
this type may be mentioned higher stature in some districts,

ci,nd lighter complexion in Tehuantepec and elsewhere. If

now the native Americans be compared with the races of

the regions across the oceans to their east and west, it will

be seen that their unlikencss is extreme to the races east-

ward of them, whether white Europeans or black Africans.

On the other hand they are considerably like the Mongoloid
peoples of North and East Asia (less so to the Polynesians)

;

so that the tendency among anthropologists is now generally

to admit a common origin, however remote, between the

tribes of Tartary and of America. This original connexion,

if it may be accepted, would seem to belong to a long-past

period, to judge from the failure of all attempts t'" discover

an affinity between the languages of America and Asia.

At whatever date the Americans began to people America,

they must have had time to import or develop the numerous
families of languages actually found there, in none of which
has community of origin been satisfactorily proved with

any other language-group, at home or abroad. In Mexico
itself the languages of the Nahua nations, of which the

Aztec is the best-known dialect, show no connexion of

origin with the language of the Otomi tribes, nor either of

these with the languages of the regions of the ruined cities

of Central America, the Quiche of Guatemala and the Maya
of Yucatan. Indeed, within the Mexican iiaiits, there are

various other languages which, so far as philological

research can at present decide, are independent of one

another. The remarkable phenomenon of nations so

similar in bodily make but so distinct in language can

hardly be met except by supposing a long period to have

elapsed smce the country was first inhabited by the

ancestors of peoples whose language has since passed into

50 different forms. The original peopling of America may
well date from the time when there was continuous land

between it and Asia.

It would not follow, however, that between these remote
ages and the time of the discovery of the New World by
Columbus no fresh immigrants can have reached America.

We may put out of the question the Scandinavian sea-

rovers who sailed to Greenland about the 10th century, and
appear afterwards to have coasted New England (see

America, vol. i. p. 706), but do not seem to have found their

way far enough southward for their visit to have any effect

on Mexico. But at all times communication has been open
from East Asia and even the South Sea islands to the west

coast of America. The importance of this is evijlent when
we consider that Japanese junks now drift over by the

ocean current to California at the rate of about one a year,

often with some qf the crew still alive (see C. W. Brooks in

Bancroft, vol. v. p. 51 ; Overland 'Monthly, San Francisco,

1872, p. 353). Further north, the Aleutian islands offer

a line of easy sea passage, while in north-east Asia, near

Behring's Strait, live Chukchi tribes who cpi^ry on inter-

course with the American side ; the presence of Eskimo in

this part of Asia (see Nordenskiold, Toy. o/Fe^a, vol. ii.pp. 13,

81) is so plainly due to local migration that it is neglected

in comparing the languages of the two continents. Asiatics

such as Japanese or Kurile Islanders, if they found their

way in small numbers to America and merged into native

tribes, might hardly leave descendants distinguishable

from the rest of the population even in the first genera-

tion, nor introduce their own language. Such assertions as

that the Guatusos of Costa Rica are a tribe with fair skin

and flaxen hair, and that Japanese words may be detected

among the Indians of British Columbia, are examples of

evidence which may be worth further sifting ; but in an

account like the present no proofs can be admitted unless far

better authenticated than these. What gives a more solid

interest to the question of A-siatic influence in America, is

that, though neither the evidence of features nor of language
has substantiated it, there are details of Mexican civilization

which are most easily accounted for on the supposition that
they were borrowed from Asia. They do -not seem ancient
enough to have to do with a remote Asiatic origin of the
nations of America, but rather to be results of comparatively
modern intercourse between Asia and America, probably
since the Christian era. Humboldt ( Vues des Cordilleres,

pi. xxiii.) compared the Mexican calendar with that in use
in eastern Asia. The Mongols, Tibetans, Chinese, and
other neighbouring nations have a cycle or series of twelve
animals, viz., rat, bull, tiger, hare, dragon, serpent, horse,

goat, ape, cock, dog, pig, which may possibly be an imita-
tion of the ordinary Babylonian-Greek zodiac familiar to

ourselves. The Mongolian peoples not only count their

lunar months by these signs, but they reckon the successive
days by them, rat>day, bull-day, tiger-day, &c., and also,

by combining the twelve signs in rotation with the ele-

ments, they obtain a means of marking each year in the
sixty-year cycle, as the wood-rat year, the fire-tiger year, ic.
This method is highly artificial, consisting, not in mere
numbering, but in combining series of different terms so
that thp same combination does not recur till the end of

the period. Thus the reappearance of its principle in the
Mexican and Central-American calendar (see p. 212) is sug-

gestive of importation from Asia. Humboldt also discussed

the Mexican doctrine, represented in the native pictures, of

four ages of the world belonging to water, earth, air, and
fire, and ending respectively by deluge, earthquake, tempest,

and conflagration. The resemblance of this to -some
versions of the Hindu doctrine of the four ages or yuga is

of so remarkable a closeness as hardly to be accoimted for

except on the hypothesis that the Mexican theology con-

tains ideas learnt from Asiatics. Among Asiatic points of

resemblance to which attentioc has since been called is

the Mexican belief in the nine stages of heaven and hell,

an idea which nothing in nature would suggest directly to

a barbaric people, but which corresponds to the idea

of successive heavens and heUs among Brahmans and

Buddhists, who apparently learnt it (in common with our

own ancestors) from the Babylonian-Greek astronomical

theory of successive stages or concentric planetary spheres

belonging to the planets, (to. The Spanish chronicles

also give accounts of a Mexican game called patoHi, played

at the time of the conquest with coloured stones moved
on the squares of a cross-shaped figure, according to the

throws of beans marked on one side ; the descriptions of

this rather complicated game correspond closely vnth the

Hindu backgammon called pachisi (see Tylor in Jour.

Anthrop. Inst., vol. viii. p. 116).'

The native history of Mexico and Central America is

entitled to more respect than the mere recollections of

savage tribes, inasmuch as here memory was aided by

something like written record. The Mexican pictures so

far approached writing proper as to set do-mi legibly the

names of persons and places and the dates of events, while

the rude drawings which accompanied these at least

helped the professional historians to remember the tradi-

tions repeated orally from generation to generation. Thus

actual documents of native Aztec history, or copies of

• The appendLt to Prescott's Ccmquest of Mexico contains aa

interesting summary of analogies between the civilization of Mexico

and that of the Old World, but some of the arguments are very incon-

clusive. One which has been often citod turns on the likeness alleped

by Naxera between the Chine5e language and that of the Otomi natioa

of Mexico (whose name survives in that of their town Otompan, now

Otumba). The examination of an Otorui grammar (such as EUmmU
de la Orammaire Olhomi, Paris, 1863) will, however, convince the

phUological reader th.it the resemblance is hardly of an amount tu

found a theory of a Chinese connexion upon.
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them, are still open to the stuay of scbolars, while alter

the conqnest interpretations of these were drawn up in

writing by Spanish oducated .Mexicans, and histories

founded on them with the aid of traditional memory were

written by Ixtlilxochitl and Tezozomoc ; the most important

of these picture-^^T:ting^ interpretations, and histories may

be found in Kingsborough's An/i'/uitien of Mexico. In

Central America the rows of complex hieroglyphs to be

seen sculptured on the ruined temi>les probably served

a similar purpose up to the time o' the Spanish invasion.

The documents purporting to be histories, written down

by natives in later times, thus more or less represent real

records of the past, but the task of separating the preponder-

ant mythical part from what is real history is of the utmost

difficulty. Among the most curious documents of early

America is the Popol-Vuk or national book of the Quiche

kingdom of Guatemala, a compilation of traditions written

down by native scribes, found and translated by Father

Ximenez about 1700, and pubbshed by Scherzer (Vienna,

1857) and Brasseur do Bourbourg (Paris, 1861). This

book, composed in a picturesque barbaric style, begins

with the time when there was only the heaven with its

boundaries towards the four winds, but as yet there was

no body, nothing that clung to anything else, nothing that

balanced itself or rubbed together or made a sound ; there

was nought below but the calm sea alone in the silent

darkness. Alone were the Creator, the Former, the Ruler,

the Feathered Serpent, they who give being and whose name

is Gbcumatz. Then follows the creation, when the creators

said "Earth," and the earth was formed like a cloud or a fog,

and the mountains rppeared like lobsters from the water,

cypress and pine covered the hills and valleys, and their

forests were peopled with beasts and birds, but these could

not speak the name of their creators, but could only chatter

and croak. So man was made first of clay, but he was

strengthlesa and senseless and melted in the -water ; then

they iliade a race of. wooden mannikins, but these were

useless creattires without heart or mind, and they were

destroyed by a groat flood, and pitch poured down on them

from heaven, those who were left of them being turned

into the apes still to be seen in the woods. After this

comes the creation of the four men and their wives who
are the ancestors of the Quiches, and the tradition records

the migrations of the nation to Tulan. other%vise called the

Seven Caves, and thence across the sea, whoso waters were

divided for their passage. It is worth while to mention

these few early incidents of the national legend of

Guatemala, because their Biblical incidents show how
native tradition incorporated matter learnt from the white

men. Moreover, this Central-American document, mythical

as it is, has an historical importance from its bringing in

names belonging also to the traditions of Mexico proper.

Thus Gucumatz. "Feathered Serpent," corresponds in name
to the M?sican deity Quetzalcoatl , Tulan and the Seven

Caves are familiar words in the Aztec migration-traditions,

and there is oven mention of a chief of Toltucat, a name
plainly referring to the famed Toltecs, of whom further

account will be given in their place in Mexican history.

Thus the legends of the Popol-Vuh confirm what is learnt

from comparing the culture of Central America and Mexico
proper, that, though the nations of these districts were not

connected by language, the intercourse and mixture

between them had been sufficient to implant in them much
common civilization, and to justify the anthropologist in

including both districts in ono region. Historical valu" of

the ordinary kind may be found in the latter part of the

Popol-Vuh, which gives names of chiefs down to the time

when they began to bear Spanish names, and the great city

of Quich6 became the deserted ruin of Santa Cruz. The
Maya district of Yucatan has also some vestiges of native

traditions in the manuscnpt translated by D. Pio Perez

(in Stephens, Incidents c/ Tntvtl in Yucatan) and in the

remarkable 16th century Relacion de las Cosas de Yucatan

by Diego do Landa, published by Brasseur de Bourbourg

(Paris, 1864). As in the Guatemala traditions, we bear

of ancient migration from the Mexican legendary region

of Tula ; and here the leaders are four famous chiefs or

ancestors who bear the Aztec name of the Tutul-Xiu, which

interpreted means "Bird-Tree." Unfortunately for the

historical standing of these four ancestors, there are in the

Aztec picture-writings representations of four trees each

with a bird patched on it, and placed facing the four

quarters, which make it probable that the four Tutul-Xiu of

tradition, in spite of the circumstantial detail of their wars

and migrations, miy be only mythic personificaticas of tli«

four cardinal points (see Schultz-Sellack in Zdtsch.f. Ethn.,

1879, p. 209). Nevertheless, part of the later Maya records

may be genuine,—for instance, when they relate the war

about three centuries before the Spanish conquest, when the

king of Chichen-Itza destroyed the great city of Mayapan.

Though the names and dates of Central-American native

kings have too little interest to general readers for traditionsi

of them to be dwelt on here, they bring into view one im-

portant historical point, that the wondrous ruined cities of

this region are not to be thought monuments of a perished

race in a forgotten past, but that at least some of them

belong to history, having been inhabited up to the conquest,

apparently by the very nations who built them.

Turning now to the native chronicles of the Mexican

nations, these are found to be substantial dated records

going back to the 12th or 13th century, with some vague

but not worthless recollections of national events Ixflm times

some centuries earlier. These last-mentioned traditions,

in some measure borne out by linguistic evidence of nanaen

of places, tribes, and persons, point to the immigration oi

detachments or branches of a widespread race speaking a

common language, which is represented to us by the

Aztec, stUl a spoken language in Mexico. This language

was called nakuatl, and one who spoke it as his native

tongue was caOed nahuallacatl, so that modern anthro-

pologists are following native precedent when they usq the

term Nahua for the whole series of peoples now under
consideration.! Earliest of the Nahua nations, the Toltec«

are traditionally related to have left their northern homo
of Huehuetlapallan in the 6th century ; and, though thij

remote date cannot be treated as belonging to genuin.*

history, there is other evidence of the real existence of thj

nation. Their name Toltecatl signifies an inhabitant ol

Tollan, " land of reeds," a place which, as has been already

pointed out, appears elsewhere in the national traditions of

this region, and has a definite geographical site in the

present Tulan or Tula, north of the valley of Anahuac,
r.'here a Toltec kingdom of some extent seems to have had
its centre. To this nation is ascribed not only the oldest

but the highest culture of the Nahua nations ; to them
was due the introduction of maize and fotton into Mexico,
the skilful workmanship in gold and silver, the art of build

ing on a scale of vastness stUl witnessed to by the mound of

Cholula, said to be Toltec work ; the Mexican hieroglyphic

writing and calendar are also declared to have been of

Toltec origin. With the Toltecs is associated the mysterious
tradition of Quetzalcoatl, a name which presents itself in

Mexican religion as that of a great deity, god of the air,

and in legend as that of a saintly ruler and civilizer. Hi«
brown and beardless worrfiipptrs dascnhe him aj^ of anothei

race, a w^hite man with noble features, long black hair and

full beard, dressed in flowing robes. He came from Tullan

^ It should bo noticed that this word is not et}Tnologically con-

nected with the somewhat similar word AnahuaCt of which the mw
ing 13 given at page 206.
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or from Yucatan (for the stories differ widely), and dwelt
t«'p^ty years among them, teaching men to follow his

austere and virtuous life, to hate all violence and war, to

Bacrifice no men or beasts on the altars, but to give mild
offerings of bread and flowers and perfumes, and to do
penance by the votaries drawing blood with thorns from
tboir o^vn bodies. Legend tells stories of his teaching men
pic:ure-wTiting and the calendar, and also the artistic work
of the silversmith, for which Cholula was long famed ; but
at last he departed, some say towards the unknown land of

Tlapallan, but others to Coatzacualco on the Atlantic coast

on the confines of Central America, where native tradition

still keeps up the divine names of Gucumatz among the

Quiches (see p. 208) and Cukulcan among the Mayas, these

names having the same meaning as Quetzalcoatl in Aztec,

viz., " Feathered Serpent." Native tradition held that

when Quetzalcoatl reached the Atlantic he sent back his

companions to tell the Cholulans that in a future age his

brethren, white men and bearded like himself, should land

there from the sea where the sun rises, and come to rule

the country. That there is a basis of reality in the Toltec

traditions is shown by the word ioltecatl having become
among the later Aztecs a substantive signifying an artist

or skilled craftsman. It is further related by the Mexican
historians that the Toltec nation all but perished in the

11th century by years of drought, famine, and pestOence,

a few only of the survivors remaining in the land, while the

rest migrated into Yucatan and Guatemala, where, as has

been already pointed out, their name is commemorated in

local records. After the Toltecs came the Chichimecs,

whose name, derived from chichi, "dog," is applied to

many rude tribes ; the Chichimecs here in question are

said to have come from Amaquemecan under a king named
Xolotl, names which being Aztec imply that the nation

Vas Nahua ; at any rate they appear afterwards as fusing

with more cultured Nahua nations in the neighbourhood

<ii Tezcuco. Lastly is recorded the Mexican immigration

of the seven nations, Xochimilca, Chalca, Tepaneca,

Acolhua, Tlahuica, Tlascalteca, Azteca. This classification

of the Nahuatlac tribes has a meaning and value. It is

true that Aztlan, the land whence the Aztecs traced their

name and source, cannot be identified by geographers, while

the story of the separation of the seven nations at the place

called Chicomoztoc or Seven Caves looks Lke national legend

rather than real history. But the later stages of the long

Aztec migration seem historical, and the map of Mexico

still shows the.names of several settlements recorded in the

•curious migration-map published by Gemelli Careri {Giro

del Mondo, Venice, 1728) and commented, on by Humboldt;
among these local names are Tzompanco, " place of skulls,"

riBW Zampango in the north of the Mexican valley, and

Chapultepec, "grasshopper hiU," now a suburb of the city

of Mexico itself, where the Aztecs are recorded to have

celebrated in 1195 the festival of tying up the "bundle of

years" and beginning a new cycle. The Aztecs moving

from place to place in Anahuac found little welcome from

the Nahua peoples already settled there, whose own history

was indeed one of incessant jealousy and quarrel. One of

the first clear events of the Aztec arrival is their being

made tributary by the Tepanecs, in whose service or

alliance they began to manifest their warlike prowess in

the fight near Tepcyacac, where now stands the famous

shrine of Our Lady of Guadalupe. Thus they overcame in

arms the AcoUiuas, their superiors in civilization, who had

made Tezcuco a centre of prosperity and improvement.

By the 13th century the Aztecs by their ferocity had

banded their neighbours together against them ; some

were driven to take refufjo on the reedy lake shore at

Acoculco, while others were taken as captives into

Culhuacan. The king of thi? district was Coxcoxtli,
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whose name has gained an undeserved reputation even inEurope as " Coxcox, the Mexican Noah," from a scene in
the native picture-writing where his name appears together
with the figure of a man floating in a dug-out tree, which
has been mistaken even by Humboldt for a represen-
tation of the Mexican deluge-myth. Coxcoxtli used
the help of the Aztecs against the Xochimilco people
but his own nation, horrified at their bloodthirsty sac-
rifice of prisoneis, drove them out to live for years in
want and misery on the islands and swamps of the
great salt lagoon, where they are said to have taken to
making their chi.iampas or floating gardens of mud
heaped on rafts of reeds and brush, which in later times
were so remarkable a feature of Mexico. As one of the
Aztec chiefs at the time of the founding of their city was
called Tenoch, j'.^., " Stone-cactus, ""it is Ukely that from
him was derived the name Tenochtitlan or " Stone-cactus
place." Written as this name is in pictures or rebus, it

probably suggested the invention of the well-known legend
of a p-ophecy that the war-god's temple should be built
where a prickly pear was found growing on a rock, and
perched on it an eagle holding a serpent ; this legend is
still commemorated on the coins of Mexico. Mexico-
Tenochtitlan, founded about 1325, for many years after-
wards probably remained a cluster of huts, and the higher
civilization of the country was still to be found among the
other nations, especially among the Acolhuas in Tezcuco.
The wars of this nation with the Tepanecs, which went on
into the 15th century, were merely destructive, but larger
effects arose from the expeditions under the Culhua king
Acamapichtli, where the Aztec warriors were prominent,
and which extended far ontside the valley of Anahuac.
Especially a foray southward 'to Quauhnahuac, now Cuer-
navaca, on the watershed between the Atlantic and Pacific,

caused the bringing of goldsmiths and other craftsmen home
to Tenochtitlan, which now began to rise in arts, the Aztecs
laying aside their rude garments of aloe-fibre for more
costly clothing, and going out as traders for foreign

merchandise. In the 14th century the last great national

struggle took place. The Acolhuas had at first the

advantage, but Ixtlilxochitl did not follow up the beaten

Aztecs but allowed them to make peace, whereupon, under
professions of submission, they fell upon and sacked the

city of Tezcuco. The next king of Tezcuco, Nezahualcoyotl,

turned the course of war, when Azcapuzalco, the Tepanec
stronghold, was taken and the inhabitants sold as slaves by
the conquering Acolhuas and Aztecs ; the place thus de-

fraded became afterwards the great slave-market of Mexico,

n this war we first meet with the Aztec name Moteuczoma,
afterwards so famous in its Spanish form Montezuma.
About 1430 took place the triple alliance of the Acolhua,

Aztec, and Tepanec kings, whose capitals were Tezcuco,

Mexico, and Tlacopan, the latter standing much below the

other two. In fact the Aztecs now became so predominant

that the rest of native history may be fairly called the

Aztec period, notwithstanding the picturesque magnificence

and intellectual culture which made Tezcuco celebrated

under Nezahualcoyotl and his son NezahualpilU. When
the first Moteuczoma was crowned king of the Aztecs, the

Mexican sway extended far beyond the valley plateau of

its origin, and the gods of conquered nations around had

their shrines set up in Tenochtitlan in manifest inferiority

to the temple of Huitzilopochtli, the war-god of the Aztec

conquerors. The rich region of Quauhnahuac became

tributary ; the Miztec country was invaded southward to

the Pacific, and the Xicalanca region to what is now Vera

Cruz. It was not merely for conquest and tribute that the

fierce Mexicans ravaged the neighbour-lands, but they had

a stronger motive than either in the desire to obtain

multitudes of prisoners whose hearts were to be torn out
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by the sacrificing priests to propitiate a pantheon of gods

who weU personified their bloodthirsty worshippers. Ihe

desire for war-captives as acceptable victims is related to

Lave brought about an almost incredible agreement among

nations of the Mexican alliance, that they should from

time to time fight battles among themselves in order to

provide prisoners for the altars. Thus there was something

of the character of a religious war in the expedition made

in 1469 under Axayacatl as far down the isthmus as

Tehuantepec, whence the Mexican army came back with

loads of rich plunder and thousands of captives, and the

later ravaging of the Totonac region as far as the Atlantic,

when the inhabitants were taken for sacrifice and their

land recolonized by Aztecs. Ahuitzotl left the Aztec

empire (as it is often somewhat ambitiously called) at the

height of apparent power, but the cruel oppression of the

subject regions had made their life almost unbearable, and

the second Moteuczoma, coming to a rule already liable to

break up from within, weakened it still more by upholding

the class of chiefs or nobles against the common people

who as warriors and traders had in great measure made

the prosperity of the allied nations. The Jlexicans had

Ion" tried to subjugate the stubborn little nation of Tlas-

callan (Tlascala), which had obstinately held out, though so

hemmed in that for years the people lived without salt, this

being no longer to be had from the sea-coast. Moteuczoma

made a last effort to crush them, but in vain, and when

the Spaniards came they were there as ready-made allies

planted on the high road to Mexico. From the date when

the festival of the new cycle was first celebrated in

Chapultepec six 52-year periods had passed when in 1507

the new fire symbolizing the beginning of a new cycle

was kindled for the last time on the breast of a human

victim. Rumours of the coming of the Europeans may

have before this date spread from Cuba, but in 1517

Cordova touched in Yucatan, and in 1518 Grijalva was

on the east coast of Mexico, and the Aztecs first met the

white men, in whom they saw, partly with hope and partly

(vith fear, the fulfilment of the prophecy that Quetzalcoatl

should one day return. With the Spanish conquest under

Hernando Cortes (see Cortes) the native history of Mexico

comes to an end.

Civilization.

Oovern- While the prairia tribes of America lived under the loose

(DenL sway of chiefs and councils of old men, the settled nations of

Mexico had attained to a somewhat highly organized government.

This may be seen by tho elaborate balance of power maintained in

the federation of Mexico, Tezcuco, and Tlacopan, where each king

was absolute in his own country, but in war or other public interests

they acted jointly, with powers in something like the proportion in

which they divided conquered lands and spoil, which was two-fifths

each to Mexico and Tezcuco and one-fifth to Tlacopan. Tho suc-

cessor of the Aztec king was customarily a chosen brother or nephew,

the eldest having the first claim unless set aside as incompetent,

and having to be a tried warrior ; this mode of succession, which has

been looked on as an elaborate practical device for securing practical

odvantagcs. seems rather to have arisen out of the law of choice

among the descendants of the female line, found in American tribes

of much lower culture. Something like this appears in the succes-

sion of kiugs of Tezcuco and Tlacopan, which went to sons by tho

principal wife, who was usually of the Aztec royal family. The
Mexieau chronicles, however, show instances of the king's son suc-

teoding, or of powerful chiefs being elected to the kingship. Th«
term republic is sometimes used to describe tho little st«te of

Tlascala, but this was in fact a federation of four chiefs, with an
assembly of nobles. In the Zapotec district the Wiyatao or high-

priest of Zopaa was a divine ruler before whom all prostrated them-
selves with faces to the ground ; ho was even too sacred to allow

his foot to touch the earth, and was only seen carried in a litter.

The accounts giveu by the Spi^nish and native Mexican writers of

the courts and palaces of tho native kings must be taken with some
ryerve, from the tendency to use descriptive terms not actually

untrue, but which convey erroneous ideas taken from European
architecture ; thus what are called columns of porphyry and jasper

supporting marblo balconies might perhaps be better described aa

jjiers cjrryinf slabs, while the apartments and ten-acea must have

been more remarkable for number and extent tlian architectural

erandeur, being but low one-storied buildings. The principal

palace of Mexico consisted of hundreds of rooms and haUs ranged

round three open squares, with women's apartment.-, grauanes,

storehouses, menageries, aviaries, of such extent that one of the

companions of Cortes records having four times wandered about

till he was tired, without seeing tho whole. Not less remark-

able was the palace of Tezcuco, surrounded with its groves and

i.leasuregardens, and, though now hardly anything remains of the

buildin'^ above ground, the neighbounng hill of rezcot^inci. stiU

has its^stone steps and terraces ; and the immense embankment

carrying the aqueduct-channel of hewn stone which supplied watsr

to basins cut in the solid rock utill remains to prove that tho chron-

iclers' descriptions, if highly-coloured, were at any rate geuuine. TUl

tho last century tho gigantic figures of Axayacatl and his sou Monte-

zuma were to be seen carved in the porphyry hill of Chapultepec,

but these as well as tho hanging gardens havo been destroyed, and

only tho groves of ahuchucte (cypress; remain of tho ancient beauties

of the place. That in the palace gardens flowers from the tieria.

caliento were transplanted, and water-fowl bred jear fresh and salt

pools fit for each kind, that all kinds of birds and beasts were kept

in well-appointed zoological gardens where there were homes even

for alligators and snakes,—all this testifies, not merely to barbaric

ostentation, but to a cultivation of natural history which was really

beyond tho European level of tho time. From the palaces and re-

tinues of thousands of servants attached to the royal service may he

inferred at onco the despotic power of the Mexican rulers and the

heavy taxation of tho people ; in fact some of the most remarkable

of the picture-writings are tribute-rolls enumerating by hundreds

and thousands the mantles, ocelot-skins, bags of gold-dust, bronzff

hatchets, loads of chocolate, kc. , furnished periodi :ally by the towns.

Below the king was a numeious and powerful class of nobles, the

highest of whom [tlaloani) were great vassals owing little more than

holnaee and tribute to their feudal lord, while the natural result

of the°unruliness of the noble class was that the king to keep them

in check increased their numbers, brought them to tho capital as

councillors, and balanced their influence by military and household

oflicers, and by a rich and powerful merchant dass. The nobles

not only had privileges of rank and dignity, but substantial power

over the plebeian or peasant class {macchualH), who submitted to

much the same oppression and extortion at their hands aa vas

customary in the Old World. The tenures of land in Mexico were

those generally appearing in barbaric countries where invasion and

military despotism have encroached on but not totally superseded

the earlier tribal laws. The greatest estates belonged to the king,

or had been granted to military chiefs whose sons succeeded them,

or were the endowmen.^ of temples, but the calpulli or village

community still survived, and each freeman of the tribe held and
tilled his portion of the common lands. Below the freemen were

the slaves, who were war-captives, persons enslaved for punishment,

or childri;n sold by their parents. Prisoners of war were mostly

doomed to sacrifice, but other classes of slaves were mildly treated,

retaining civil rights, and their children were born free.

The superior courts of law formed pait of the palace, and there Justtn

were tribunals in the principal cities, over each of which presided a

supreme judge or cihuacoatl^ who was irremovable, and whose
criminal decisions not even the king might reverse ; he appointed

the lower judges and heard appeals from them ; it is doubtful

whether he judged in civil cases, but both kinds of suits were heard

in the court below, by the tlaca'ccat? and his two associates, below
whom were the ward-magistrates. Lands were set apart for tht

iiaintenance of the judges, and indeed nothing gives a higher ides

of the elaborate civilization of ilexico than this judicial system,

which culminated in a general court and council of state presided

over by the king. The laws and records of suits were set down in

picture-writings, of which some are still to be seen ; sentence of

death was recorded by drawing a line with on arrow across the
poitiait of the condemned, and the chroniclers describe the barbaric

solemnity with which the king passed sentence sitting on a golden
and jewelled throne in the divine tribunal, with ouc hand on an
ornamented skull and the golden orrow lu the otlier. Among thf

resemblances to Old World law was tho use of a judiciol oath, thi

witness touching the ground with his finger and putting it to his

lips, thus swearing by Mother Earth. The criminal laws were of

extreme severity, oven petty theft being punished by the thief being
enslaved to the person he had robbed, while to steal a tobacco
pouch or twenty ears of corn was death ; he who pilfered in th»
market was then and there beaten to death, and he who insulted Xipe,
the god of the gold- and silver-smiths, by stealing his |irecious metal,
was skinned alive and sacrificed to tho off'ended deity. Though
aloe-beer or " pulque " was allowed for feasts aud to invalids in

moderation, and old people over seventy seem to be represented
in one of tho picture-writings as having liierty of drunkenness,
young men found drunk were clubbed to death and young women
atoned. Such a Draconian standard prevailing, it is hardly needfiil

to enumerate the special penalties of such offences as witchcraft,
fraud, rrmovint^ landmarks, adulterv, kc, which differed aa to
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whether Iho criminal had his heart cut out on the altar, hia head

crushed between two stones, &c. ; while even lesser punishments

were harsh, such as that of slanderers, whose hair was singed with

a pine-torch to the scalp.

Based on conquest as the Aztec kingdom was, and with the

craving for warlike glory fostered by the most bloodthirsty religion

tlie wo°Id ever saw, it follows that the nation was above all other

pursuits organized as a fighting community. To be a tried soldier

was the road to honour and office, and the king could not bo en-

throned till he had with his own hand taken captives to be

butchered on the war-god's altar at his coronation. The common
soldiers were promoted for acts of daring, and the children of chiefs

Bere regularly trained to war, and initiated by being sent into

battle with veterans, with whoso aid the youth took his first prisoner,

)ut his future rise depended on how many captives he took un-

lideJ in fight with warlike enemies ; by such (eats he gained the

iignity of wearing coloured blankets, tassels, and lip-jewels, and

reached such military titles as that of "guiding eagle." The

Mexican military costumes are to bo seen in the pictmo-writings,

where the military orders of princes, eagles, and tigers are known
by their braided hair, eagles' beaks, and spotted armour. The
common soldiers went into battle brilliant in savage warpaint, but

those of higher rank had helmets Uke birds and beasts of prey,

armour of gold and silver, wooden greaves, and especially the

ichcapilli, the quilted cotton tunic two fingers thick, so serviceable

as a protection from arrows that the Spanish invaders were glad to

adopt it. The archers shot well and with strong bows, though their

arrows were generally tipped only with stone or bono , their shields

or targets, mostly round, were of ordinary barbaric forms , the

epears or javelins had heads of obsidian or bronze, and were some
times hurled with a spear-thrower or cUlatl, of wnich pictures and
specimens still exist, showing it to be similar in princip.e to those

used by the Australians and Eskimo The most characteristic

weapon of the Mexicans was the niaqxiahuitl or 'hand-wood," a

elub set with two rows of large sharp obsidian flakes, a well-

directed blow with which would cut down man or horse. These

two last-mentioned weapons have the look of highly-developed

savage forms, while on the other hand the military organization was
in some respects equal to that of an Asiatic nation, with its

regular companies commanded each by its captain and provided

with its standard. The armies were very large, an expedition often

consisting of several divisions each numbering eight thousand men,
but the tactics of the commanders were quite rudimentary, consist-

ing merely of attack by arrows and javelins at a distance, gradu-

ally closing into a hand-to-hand fight with clubs and spears, with

an occasional feigned retreat to draw the enemy into an ambuscade.
Fortification was well understood, as may still be seen in the

remains of walled and escarped strongholds on hills and in steep

ravines, while lagoon-cities like Mexico had the water approaches

defended by fleets of boats, and the causeways protected by towers

and ditches ; even after the town was entered, the pyramjd-

temples with their surrounding walls were forts capable of stubborn

resistance. It was held unrighteous to invade another nation with-

out a solemn embassy to warn their chiefs of the miseries to which
they exposed themselves by refusing fhe submission demanded, and
this again was followed by a declaration of war, but in Mexico as

in other more cultured countries this act of national morality degene-

rated into a ceremonial farce, where tribute was claimed from some
neighbouring nation, or an Aztec god was offered to bo worshipped

in their temples, in order to pick a quarrel as a pretext for an
invasion already planned to satisfy the soldiers with lands and
plunder, and to meet the priests' incessant demands for more human
sacrifices.

. Among the accounts of the Mexican religion are some passages

referring to the belief in a supreme deity. 'The word tcotl, god, has
been thought in some cases to bear this signification, but its rrieaning

is that of deity in general, and it is applied not only to the sun-

god but to very inferior gods. It is related that Nezahualcoyotl,

the poet-king of Tezcuco, built a nino-storied temple with a starry

roof above, in honour of the invisible deity called Tloquenahuaque,
"he who is all in himself," or Ipalnemoan, " he by whom we live,"

who had no image, and was propitiated, not by bloody sacrifices, but
by incense and flowers. Those who adopt the opinion of Asiatic

admixture in Mexican culture will use it to account for this remark-
able religious phenomenon, less easily accounted for by native

development, while also the appearance of a nval deity of evil,

bearing the name of Tlacatecolotl, or "man-owl," is mysterious.

These divinities, however, seem to have had little or no place in the

popular faith, which was occupied by polytheistic cods of more
ordinary barbaric type. Tezcatlipoca was held to bo the highest of

these, and at the festival of all the gods his footsteps were expected

to appear in the flour strewn to receive this sign of their coming
He was plainly an ancient deity of the race, for attributes of many
kinds are crowded together in him, and he was prayed to in inter-

minable formulas for help in war and for healtii and fortune, to

deliver the nation from a wicked king, or to give pardon and strength

to the penitent who had confessed his sins and been purified by wash-

ing. Between him and QuetzalcoatI, the ancient deity of Ohol-ja,

there had been old rivalry, as is related in legends of QuetzalcoatI

coming into the land to teach men to till the soil, to work metals, and
to rule a well-ordered state ; the two gods played their famous match
at the baU-game, and Tezcatlipoca, in the guise of a hoary-headed

sorcerer, persuaded the sick and weary QuetzalcoatI to drmk the

magic pulque that sent him roaming to the distant ocean, where
he embarked in his boat and disappeared from among men. These

deities are not easily analysed, but on the other hand Tonatiuh and
Metztli, the sun and moon, stand out in thedistinctest personality

as nature gods, and the traveller still sees in the huge adobe pyramids

of Teotihuacan, with their sides oriented to the four quarters, an

evidence of the importance of their worship. The war-god Huitzilo-

pochtli, of whom one legend relates a supernatural conception in

the ancient Tulian, while another story declares him to have been

(like the Chinese war-god) a deified warrior-chief, was the real head
of the Aztec pantheon ; his idol remains in Mexico, a huge block of

basalt on which is sculptured on the one side his hideous personage,

adorned with the hummingbird featliers on the left hand which
signify his name, while the not less frightful war-goddess Teoyao-
miqui, or "divine-war-dcath," occupies the other side. Centeotl,

the goddess of the all-nounshing maize, was patroness of the earth

and mother of the gods, while Mictlanteuctli, lord of dead-land,

ruled over the departed in the dim under-world. Numbers of

I lesser deities presided over classes of society, events, and occupations

. of life, such as Tlazolteotl, goddess of pleasure, worshipped by^

! courtesans, Tezcatzoncatl, god of strong drink, whose garment in grim
1 irony clothed the drunkard's corpse, and Xipe, patron of the gold-!

I
smiths Below these were the usual crowd of nature-spirits of hills

I

and groves, whose shrines were built by the roadside to receive ©O'er-

ings from passers-by. The temples were called tcocalli or "god's

I

house," and the teocallis of the greater deities rivalled in size

as they resembled in form the temples of ancient Babylon. They
were pyramids on a square or oblong base, rising in successive

terraces to a small summit-platform. The great teocalU of

Huitzilopochtli in the city of Mexico stood in an immense
square, whence radiated the four principal thoroughfares,

Its courtyard being enclosed by a square, of which the stone

waU, called tie coalepantli or serpent-wall from its sculptured

serpents, measured nearly a quarter of a mile on each side. In

the centre, the oblong pyramid of rubble cased with hewn stone

and cemented, 375 x 300 feet at the base, and rising steeply in five

terraces' to the height of 86 feet, showed conspicuously to tlie city,

the long processions of priests and victims winding along the

terraces and up the comer flights of steps. On the paved platform

were three-sto.-y tower temples in whose ground-floor stood the stone

images and altars, and before that of the war-god the green stone of

sacrifice, humped so as to bend upward the body of the victim that

the priest might more easily slash open the breast with his obsidian

knife, tear out the heart and hold it up beiore the god, while the

captor and his fnends were waiting below for the carcase to be

tumbled down the steps for them to carry home to be cooked for the

feast of victory. Before the shrines reeking with the stench of

slaughter, the eternal files were kept burning, and on the platform

stood the huge drum covered with snakes' skin, whose fearful sound
was heard fir miles. From the terrace could be seen seventy or

more other temples within the enclosure, with their im.iges and
blazing fires, and the tzompanlli or "skull-place," where the skulls

of victims by tens of thousands were skewered on cross-sticks or

built into towers. There also might be seen the flat circular

tcmalacall or "spindle-stone," where captives armed with wooden
weapons were allowed the mockery of a gladiatorial fight against

weU-armed champions. The great pyramid of Cholula with

its hemispherical temple of QuetzalcoatI at the top, now an

almost shapeless hill surmounted by a church, was about thrico

as long and twice as high as the teocalli of Mexico. A large

fraction of the Mexican population wero set apart as priests or

attendants to the services of the gods. The rites performed were

such as are found elsewhere, prayer, sacrifice, processions, dances,

chants, fasting and other austerities, but there are some peculiari-

ties of detail. Prayers and other formulas have been copied down

by Sahagun and other chroniclers, of endless prolixity, but not

mthout occasional touches of pathos. The foUowitig are a few

sentences from a prayer to Tezcatlipoca, interceding for the poor-

"O our lord, protector most strong and compassionate, invisible

and impalpable, thou art the giver of life ; lord of all, and lord

of battles, I present myself here before thfe to s.ny some few words

concerning the need of the poor people, thi- p^noplo of none estate or

intelligence. . . . Know, O Lord, that thy subjects and servants

suffer a aore poverty, that cannot be told of more than that

it is a sore poverty and desolateness. The men have no garments

nor the women to cover themselves with, but only rags rent in

every part that let the wind and cold in. . . If they be mer-

chants, they now sell only cakes of salt and broken pepper ; the

people thathavo something despise their wares, so that theygooutto
sell from door to door and from house to house ; and when they sell

nothing they sit down sadly by some fence, or w»U, or in some comet
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licking their lips and giiftwinp their nails for the hunger that is in

them, they look on one side nnj the other at the mouths of those who
pass by, hoping peraJventure that one may speak some word to them.
Ocomfiossiouute God, the bed on which they lie is not a thing to rest

upon, but to endure torment in ; they draw a rag over taera at

night and so sleep. . . . O our Lord, in whose poT>er it is to give

allcontent^'cousolation, sweetness, softness, prosperity, and riches, for

thou alone art lord of all good, have mercy upon them, for they are

thy servants. ... I supplicate thee that thou wilt lift up their

beads with thy favour and aid, that thou wilt see good that they
enjoy some days of prosperity and tranquillity, so that they may
sleep and know repose, having prosperous and jieaoeable days of

life. . . . Should tnis nation, for whom I pray and entreat thee to

xlo them good, not understand what thou hast given, thou canst

take away the good and pour out cursing, so that all evil may come
upon them, and they become poor, in need, maimed, lame, blind,

and deaf ; then indeed they shall waken and know the good that
they had and have not, and they shall call upon thee and lean
toward thee, but thou will not listen, for in the day of abundance
they would not understand thy goodness towards them." These
prayers seem essentially genuine ; indeed there was no European
model from which they could have been imitated ; but at the same
time it must be remembered that they come down in Spanish writ-

ing, and not untouched by Spanish influence, as in one passage
where there is a mention of sheep, an animal of course unknown to

the native Mexicans As to sacrifice, maize and other vegetables were,
offered, and occasionally rabbits, quails, &c. ; but, in the absence of

cattle, human sacrifice was the chief rite, and cannibalism prevailed

at the fe^ts. Incense was constantly used, especially the copalli

(copal) well known to us for varnish; little terra-cotta censers are

(mong the commonest of Me.xican antiquities. Long and severe

religious fasts were customary at special seasons, and drawing blood
from the arras, legs, and body, by thrusting in aloe-thorns, and
passing sharp .sticks through the tongue, was an habitual act of

devotion recalling the similar practices of devotees in India. The
calendar of religious festivals fpr the whole course, of the Urffxicali

year has been preserved. Each 20-day period had one" or more
fiueh oelebrstioiu. In the month of the " diminishing of waters

"

the rain-gods' or Tlalocs were propitiated by a procession of priests

irith maaio Ot flutes and trumpets carrying on plumed litters infants

with painted faces, in gay .clothing with coloured paper wings, to
^o sacrificed on the mountains or in a whirlpool in the lake. It 13

said that the people wept as they passed by ; but if so this may have
been a customary formality, for the religion of these nations must
have quenched all human sympathy. In the next month the god
^ipe-totec, already mentioned, had his festival called the "flaying of

men " from the human victims being flayed, after their hearts were
torn out, for young men to dress in their skins and perform dances
snd sham fights. The succeeding festival of Camaxtii was marked
^y a severe fast of the priests, alter which stoue knives were pre-

pared with which a hole was cut througt the tongue of each, and
uumbera of sticks passed through.' For the great festival of Tez-
eatlipoca, the handsomest and noblest of the captives of the year
had been chosen as the incarnate repreeentativo of the god, and
paraded the streets for public adoration dressed in an embroidered
mantle with feathers and garlands on his head and a retinue like a
king ; for the last month they married him to four girls representing
four goddesses ; on the last day wives and pages escorted him to the
little temple of Tlacochcalco, where he mounted the stairs, breaking
an earthenware fl*ite against each step; this was a symbolic fare-

well to the joys of the world, for asihe reached the top he was
seized by the priests, his heart torn out and held up to the sun,

liis head spitted xin the tzompantli, and his body eaten as .sacred

^ood, the people drawing from his fate the moral lesson that riches

and pleasure may turn into poverty and sorrow. The manner of
the victim's death in these festivals afforded scope for variety; they
dressed them and made them danco in character, threw them into

the fire for the fire-god, or crushed them between two balanced
stones at the harvest-festival. The ordinary pleasures of festivals

were'mingled with all this, such as dances in beast-masks, sham
fights, and children's games, but the type of a religious functioa
was a sickening butchery followed by a cannibal feast.

The Mexicin priesthood, being the educated class, were much
concerned with the art of picture-writing, which they had developed

to a stage quite above the rude figures of the American hunting-
fribes, and used systematically as a means of recording religious

festivals and legends, as well as keeping calendars of years and
Recording the historical events which occurred in them. Facsimiles

of several of these interesting documents, with their tianslations,

may be seen in Kingsborough. On inspecting these it will be seen

that their main principle is pictorial. Gods are represented witli their,

appropriate attributes,—the fire-god hurling his spear, the moon-
goddess with a. shell, &c. ; the scenes of human life are pictures 'of

warriors fighting with club and spear, men paddling in canoes, women
rpiniiiiig and weaving, ic. An important step towards phonetic

Tvritingappears, however, in the picture-names of places and persons,

Jhc .vimijlest forms of these depict the objects signified by the name.

03 vihcTe Chapultfpee or "grasshoppcr-liill " is represented by a grass-

hopper on a hill, or a stone with a cactus on it stands for Tmcch
or "stone-cactus," the founder of Tenochtitlan. The system bad,
however, risen a stage beyond t'his when objects were drawn
to represent, not themselves, but the syllables forming their

names, as where a trap, an eagle, a pricker, and a hand are put to-

gether not to represent these objects, but in order that the syllables

of their names mo-quauh-to-ma should spell the word Moquauh-
zoina (see Aubin's introduction to Brasseur, Hist, du Mexique,
vol. i. )). Ixviii.). The analogy of this to the m.inuor in which the
Egyptian hieroglyphs passed into phonetic signs is remarkable,
and w-riting might have been invented anew in Mexico had it not
been for the Spanish conquest The Aztec numerals, which were
vigesimal or reckoned by scores, were depicted by dots or circles

up to 20, which was represented by a flag, 400 (a score of scores)

by a feather, and 8000 (a score of scores of scores) by a purse ; but
for convenience these symbols might be halved and quartered, so
that 53-f might be shown by one feather, oui- quarter of a feather,

one flag, one-half of a flag, and four dots. The ilexican calendar
depended ou the combination of numbers with picture-signs, of
which the four principal were the rabbit, reed, flint, house

—

tochtli, acail, tccpatl, ealli. The cycle of 52 years was reckoned by
combining these signs in rotation with numbers up to 13, thus:

—

1 rabbit, 2 reed, 3 flint, 4 house, 5 rabbit, 6 reed, &c. By a^'cident

this calendar may be exactly illustrated with a modern )^«ck of

cards laid out in rotation of the four suits, as, ace of hearls, £of
spades, 3 of diamonds, 4 of clubs, 5 of hearts, 6 of spades, ic. In
the Mexican ritual calendar of the days of the'year, the same method
is carried further, the series of twenty day-signs being combined
in rotation with numbers up to 13 ; as this cycle of days only
reaches 260, a series of nine other signs are affixed in addition, to

make up the 365-day year. It is plain that this rotation of signs

served no useful purpose whatever, being less convenient than
ordinary counting such as the Mexicans employed in their other

calendar already mentioned, where the 20-day periods had eadi a
name like our tuontba, and their days had signs in regular order. Its

historical interest depends on its resemblance lo the calendar-system
of central and eastern Asia, where among Mongols, Tibetans,

Chinese, &c. , series of signs are thus combined to reckon years,

months, and days ; for instance, the Mongol cycle of 60 years is

recorded by the zodiac or series of 12 signs—mouse, bull, tiger, &c.,

combined in rotation with the five male and female elements— fire,

earth, iron, water, wood; as "male-fiie-bull " year, kc. This
comparison is worked out in Humboldt's I'ufs dcs CordilUres,

as evidence of Mexican civilization being borrowed from Asia.

Naturally the Mexican calendar-system lent itself to magic in tho
same way as the similar zodiac-signs of the Old "World, each
person's fate being affected by the qualities of th( signs he was
born under, and the astrologer-priests being called in to advise on
every event of life Of all Mexican festivals tlic most solemn
was that of the 3:iuhmoIpiUi, or "year-binding,'' when the 62-

year cycle or bundle of years came to an end. It was believed
that the destruction of the world, which after the Hindu manner
the Jlexicans held to have already taken place three or four times,

would happen again at tho end of a cycle. As tho time drew
near, .the tnxioiis population cleansed their houses and put out all

fire, and on the last day after sunset the priests, dressed in the garb
of gods, set out in procession for the hill of Huixachtla, there to

watch for the approach of the Pleiades to the zenith, which gave
the auspicious signal for the lighting of the new fire. The finest

of the captives was thrown down and fire kindled on his breast by
the wooden drill of the priest; then the victim's heart was torn out,

and his body flung on the pile kindled with the new flame. The
people watching from their flat housetops all the country round
saw with joy the flame on the sacred hill, and hailed it with a
tbank-ofTering of drops of blood drawn from their ears with sharp
stone-flakes. Swift runners carried burning brand* to lekindle the
fires of the land, the sacred fire on the tcocalli of the war-god
blazed up again, and the neople began with feasting and rejoicing
the new cycle.

Mexican education, at any rate that of the upper class, was a
systematic discipline much under the control of religion, which
here presents itself under a more favourable light, ifter the
birth of a child, the tonalpouhqiii or "sno-ealouiator" drew its

horoscope from the signs it was born under, and fixed the time for

its solemn lustration or baptism, performed by the nurso with
appropriate prayers to the gods, when a toy shield and bow were
provided if it was a boy, jr a toy spindle and distaff if it was a girl,

and the child received its name. An interesting picture-writing, to
be seen in Kingsborough, shows the details of the boy's and girl's

education, from the early time when three small circles over the
child show it to bo three year» old, and a drawing of half a tortilla
or corn-cake shows its allowance for each meal ; as they grow older
the lads are seen beginning to carry burdens, paddle the canoe,
and fish, while the girls learn to spin and weave, grind maize, and
cook,—good conduct being enforced by punishments of increasing
Ecvcritv, up to pricking their bodies with aloe-thorns and holding
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their races orer burning ctillis. The schools were extensive build-

ings attached to the temples, where from an early age boys and
girls were taught by the priests to sweep the sanctuaries and keep up
the sacred fires, to fast at proper seasons and draw blood for penance,

and where they received moral teaching in long and verbose formulas.
Those fit for a soldier's life were trained to the use of weapons
and sent early to learn the hardships of war ; children of craftsmen
were usually taught by their fathers to follow their trade; and for

the children of nobles there was elaborate instruction in history,

picture-writing, astrology, religious doctrines, and laws. Marriages
depended much, as they do still in the East, on comparison of the
horoscopes of the pair to ascertain if their birth-signs were com-
patible. Old women were employed as go-betweens, and the
marriage ceremony was conducted by a priest who after moral
exhortations uuited the young couple by tying their garments
logether in a knot, after which they walked seven times round the
pire, casting incense into it ; after the performance of the marriage
ceremony the pair entered together on a four days' fast and
penance before the marriage was completed. The funeral rites

of the Mexicans are best seen in the ceremonies at the death of a
king. The corpse laid out in state was provided by the priest with
a jng of water for his journey, and with bunches of cut papers to

pass him safely through each danger of the road—the place where
the two mountains strike together, the road guarded by the great
snake and the great alligator, the eight deserts and the eight
hills ; they gave him garments to protect him from the cutting
wind, and buried a little dog by his side to carry him across the
nin* waters. Then the royal body was invested in the mantles of

his patron-gods, especially that of the war-god, for Mexican kings
were warriors ; on nis face was placed a mask of turquoise mosaic,
and a green chalchihuite-stone as a heart between his lips. In older

times the dead king was buried on a throne with his property and
dead attendants round him. But after cremation came in a
mourning procession of servants and chiefs carried the body to the
funeral pyre to be burnt b^ the demon-dressed priests, after which
the crowd of wives and slaves were exhorted to serve their lord
faithfully in the next world, were sacrificed and their bodies burnt.
Common people would not thus be provided with a ghostly retinue,

but their simpler funeral ceremonies were as far as tney went similar

to those of their monarch.
'"

The staple food of the Mexicans before the conquest has continued

with comparatively little change among the native race, and has
even been adopted by those of European blood. Maize or Indian

corn was cultivated on patches of ground where, as in the Hindu
jUm, the trees and bushes were burnt and the seed planted in the

soil manured by the ashes. A sharp-pointed planting stick, a
wooden shovel, and a bronze-bladed hoe called a coatl were the
simple implements. The Mexicans understood digging channels
for irrigation, especially for the cultivation of the cacahuall, from
which tney taught the Europeans to prepare the beverage chocollatl

;

these native names passed into English as the words cacao, or cocoa,

and chocolate. Other vegetables adopted from Mexico are the tomata
{lomatl) and the chilli, used as flavouring to native dishes. The
maize was ground with a stone roller on the grinding stone or metlatl,

still known over Spanish America as the metate, and the meal baked
into thin oval cakes called by Aztecs tlaxcalli, and by Spaniards
tortilla, which resemble the chapati of India and the oat-cake of

Scotland. The Mexicans were also skilful makers of earthen pots,

in which were cooked the native beans called by the Spanish /ryo/cs,

and the various savoury stews still in vogue. The juice extracted

by tapping the great aloe before flowering was fermented into

an intoxicating drink about the strength of beer, ocili, by the

Spaniards called pulque. Tobacco, smoked in leaves or cane-pipes

or taken as snuff, was in use, especially at feasts. It is related that

in old times Mexican clothing was of skins or woven aloe and palm
fibre, but at the time of the conquest cotton was largely cultivated

in the hot lands, spun with a spindle, and woven in a rudimentary

loom without a shuttle into the mantles and breech-cloths of the

men and the chemises and skirts of the women, garments often of

fine texture and embroidered in colours. Ornaments of gold and
silver, and jewels of polished quartz and green chalchihuite were

worn,—not only the ears and nose but the lips being pieVced for

ornaments. The artificers in gold and .silver melted the metals by
means of a reed-blowpipe and cast them soli^l or hollow, and were

also skilled in hammered work and chasing, as some fine specimens

remain to show, though the famous animals modelled with gold and
silver fur, feathers, and scales have disappeared. Iron was not

known, but copper and tin ores were mined, and the metals com-
bined into bronze of much the same alloy as in the Old World, of

which hatchet blades and other instruments were made, though
their use had not superseded that of obsidian and other sharp stone

flakes for cutting, shaving, &c. -Metals had passed into a currency

for trading purposes, especially quills of gold-dust and T-shaped
pieces of copper, while cocoa-beans furnished small change. Ihe
vast size of the market-squares with their surrounding porticos, and
the importance of the caravans of merchants who traded with other

nations, show that mercantile had risen into some proportion to

military Interests. Nor was the wealth and luxury of M«xico and
surrounding regions without a corresponding development of art.

The stone sculptures such as that remaining of Xochicalcxi, which is

figured by Humboldt, as well as the ornamented woodwork, feather-

mats, and vases, are not without artistic merit. The often-cited
poems attributed to Nezahualcoyotl may not be quite genuine, but
at any rate poetry had risen above the barbaric level, while the
mention of ballads among the people, court odes, and the chants of
temple choirs would indicate a vocal cultivation above that of the
instrumental music of drums and horns, pipes and whistles, the
latter often of pottery. Solemn and gay dances were frequent, and
a sport called the bird-dance excited the admiration of foreigners
for the skill and daring with which groups of performers dressed as

birds let themselves down by ropes wound round the top of a high
mast, so as to fly whirled in circles far above the ground. The
ball-game of the Mexicans, called tluchtli, was, like tennis, the. pas-

time of princes and nobles; special courts were built for it, and the
ball of india-rubber (perhaps the first object in which Europeans
became acquainted with this valuable material) might not be touched
by the hands, but was driven against the walls by blows of the knee
or elbow, shoulder or buttock. The favourite game oipalolli has been
already mentioned for its similarity to the pachisi of modern India.

The accounts given by Spanish writers of the Central Americans
in their state after the Spanish conquest are very scanty in com-
parison with the voluminous descriptions of Aztec life. They bring
out perfectly, however, the fact of close connexiou between the two
civilizations. Some Central-American peoples were actually Mexican
in their language and culture, especially tlio Pipils of Guatemala and
a large part of the population of Nicaragua, but these were descend-
ants of Aztecs or allied peoples who i« the comparatively modern
times of Aztec power invaded and colonized these distant countries

(see Buschmann, A::iek. Ortsnamen, viii., ix.). .With regard to the

Central-American nations proper, especially the Mayas of Yucatan
and the Quiches of Guatemala, who dwelt in the cirics and wor-

shipped in the temples of Chichen-Itza and U.\mal, Palenque and
Copan, the problem of Aztec connexion is deeper and obscurer.

How closely related these nations were in institutions to the

Mexicans appears, not only in their using the same peculiar weapons,

such as the spear-thrower and the toothed club or maquabuitl, but

in the similarity of their religious rites, such as drawing blood from

their bodies as an act of penance, and sacrificing human victims by
cutting open the breast and tearing out the heart; the connexion is

evident in such special points as the ceremony of marriage by tying

together the garments of the couple, or in holding an ofl'ender's face

over burning chillis as a .punishment ; the native legends of Central

America make mention of the royal ball-play, which was the same

as the Mexican game of tlachtli already mentioned. At tho same

time many of the Central-American customs differed from the

Mexican ; thus in Yucatan we find the custom of the youths sleeping

in a great bachelor's house, an arrangement common in various

parts of the world, but not in Mexico ; the same remark applies to

the Maya exogamous law of a man not taking a wife of his own
family name (see Diego de Landa, Kdacion cle Yucatan, ed.

Brasseur de Bourbourg, p. 140), which does not correspond with

Mexican custom. We have the means of comparing tiie pci-sonal

appearance of the Mexicans and Central Americans by their por-

traits on early sculptures, vases, &c. ; and, though tJiere docs no)

appear any clear distinction of race-type, the extiaordinary back

sloping foreheads of such figures as those' of the 1 as-relicfa of I'alcnque

prove that the custom of flattening the skull in infancy prevailed

in Central America to an extent quite beyond any such habit in

Mexico. It is from the ruined cities now buried iu the Central-

American forests that wc gain tho best infonnation as to Uic nations

who built them. The notion sometimes propounded that these

famous cities were ofgreat antiquity and the work of extinct nations

has no solid evidence ; some of them may have been already aban-

doned before tho conquest, but others were inhabited, and by tin

ancestors of the Indians who now build their mean huts and till

their patches of maize round the relics of tho grander life of their

ancestors. In comparing these ruins through the districts of

Yucatan, Chiapas, Guatemala, and Honduras, il is evident that,

thoufh they are not the work of a single nation, but of two or more

highfy distinct in language, yet these nations had tho great bond

of a common system of pictorial or written charatters. One speci-

men of a Central-American inscription may give a general idea of

them all, whether it be from the sculptured facade of a temple

sketched by Catheiwood, or from the jiainted deerskin called the

Dresden Codex (reproduced in Kingsborough), or from the chiii'tcr

of Diego de Landa where he professes to explain and translate the

characters themselves. These consist of combinations effaces, circles,

lines, &c., arranged in compartments in so complex a manner that

hardly two are found alike. How they conveyed their meaning,

how far they pictorially represented ideas or spelt words in the

different languages of the country j.
is a question not yet answered

in a complete way; Larda's descrrption (p. ^20) gives a table of a

number of their elements as phonetically rejircsenting letters or

syllables but, though there may be a partial tnith in his rules, thej
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are too insufScicnt or too erroneous to serve for any general decipher-

ment. Most of what has been written on this enticing subject is

worthless, but a promising attempt has been made by E. S. Holden,

who has analysed the combined figures into their elementary lines

Ifirsl Jnniiat Report of Bureau of Ethnology, Smithsonian Insti-

tution, Washington, 1881 ; see also Charencey, Melanges di Philologie

et de Pallographie jiv\<ricaines, Paris, 1883). One point as to the

Central-American cnaracters is clear, that part of them are calendar-

signs recording dates. From the accounts given by Landa and othej

writers it is plain that the Central-American calendar, reckoning

the year in twenty-eight periods of thirteen days, was the same in

its principle of combining signs as that of Mexico here mentioned

at page 212. The four leading Maya signs called i-an,)nK;iic,i>,couac

corresponded in their position to the four A?tcc signs rabbit, reed,

flint, house, but the meanings of the Maya signs ^re, unlike the

Aztec, very obscure. A remarkable feature of the Ccn'ral-American

ruins is the frequency of truncated pyramids built of hewn stone,

with flights of steps up to the temple built on the platform at top.

The resemblance of these structures to the old descriptions and pic-

tures of the ilexican teocallis is so striking that this name is habitu-

ally given to them. The teocallis built by the Nahua or Mexican
nations have been mostly destroyed, but two remain at Huatusco
and Tusapan (figured in IJancroft, vol. iv. pp. 443, 450). which bear

a strong resemblonce to those of Palonque. On the whole it is not

too much to say that, in spite of differences in style, the best means
of judging what the temples and palaces of ilexico were like is to

be gained from the actual ruins in Central America. On the other

hand, there are features in Central-American architecture which
scarcely appear in Mexican. Thus at Uxmal there stands on a

terraced mound the long narrow building known as the governor's

house (Casa del Gobcrnador), 322 feet long, 39 feet wide, 26 feet

high, built of rubble stone and mortar faced with square blocks of

stone, the interior of tlie chambers rising into a sloping roof formed
by courses of stonework gradually overlapping in a " false arch.*'

The same construction is seen in the builaings forming the sides of

A quadrangle and bearing the equally imaginary name of the

ninnery (Casa do Jlonjas); the resemblance of the interior of one
of its apartments to an Etruscan tomb has often beeu noticed (see

Fergusson, History of Architecture, vol. i ; VioIlet-le-Duc, in

Charnay). Attempts to trace the architecture of Central America
to direct derivation from Old-World types have not been successful,

while on the other hand its decoration shows proof of original inven-
tion, espccia/ly in the imitations of woodwork which, as the above-
mentioned architects have pointed out, passed into sculptured
ornament when the material of construction became stone instead
of wood. Thus the architectural remains, though they fail actually
to solve the historical problem Of the high culture of the nations
round the Gulf of Mexico, throw much light on it when their
evidence is added to that of religion and customs. Whether Mexican
civilization was a barbaric copy of that which flourished iu the now
deserted Central-American cities, or whether the nations who built
these cities themselves raised to a higher level a civilization derived
from Mexico, two things seem probable, ^first, that the civilizations

of Mexico and Central America were pervaded by a commdn influence
in religion, art, and custom ; second, that this common element
shows traces of the importation of Asiatic ideas into America.
Amonf! works of reference on Iho ancient liislory and civilization of Mexico

and Central Ameiica may be mentioned H. H. Bansioft, The yative Races 0/ the
Pacific Slatts of Aortk America, London. 1875-6 (contains tlie most complete
summary, with references to oiiginal authorities) ; Giasacur do Bourbourg,
Hiitoire des Nations CiviUs^cs dii \teTique el de C Amerique-Centrale. Paris,
1857-59 (a valuable collection of niateiials, but the author's own views are mostly
tancirul): Prescott, llittori/ of Ihe Conqursl of ilezico; Clavigero, Sloria Antica
del ifesttco, Cesena, 1780 (contains tlic substance of earlier writers, such as
Gomara. Torqiiemada, Acocla. Bolurinl, Ac). For special lipics :—Lord Kings-
borough, Anliquiliet of Mexico. London, 1831-43 (contains facsimiles and inter-
pretations of plclurewrilings.tlic native chronicles of Ixtlllxochitl and Teiozo-
moc, a reprint of Sahagun, Ac.); A. *on Humboldt, Vuti des Cordilleres, et
itonumens des fevp/ts IJidiQenet de rAm/rique, Paiis, 1816 (Mexican civilization,
piclure-wrlllng, calendar. 4c.). Travels and descriptions of antiquities, &c.:—
Dupaix (in Klngsboruugh); U Nebel. Tlive Ptnloresco si Arqueoldgico tobrs la
Repilb'ica Uejicana. I'arli. IB39; F. de Waldcck, Yoyagt Pilloresque el Archio-
t'^Qlque dans la Prorlnce d Yucatan, Pans. 1838, and Palenqui el Aulrcs Ituines,
Paris. 196G;D. CUirnny. Cites rt Ruines /lmfrifaincs,avec teitepar Viollet-leDoe
Paris, 1S63; J. L. Stephens. /nciJents oj Travel in Central America, Ac. New
York. 1841; JneldeUlt of Travel in tucalan. New York, 1858; Branti Mayer
'.i'/,"',:

**'" ''""^- "**• 'J""''- '*>">*'«« or MisUa and the Mexicans, Londotl,
1861. Ac.

^^ jj .J. J

II. THE REPUBLIC OF MEXICO.

Mexico, Aztec AfexilH i (Estados Unidos de Mexico),
IS a federal republic in North America, bounded N. by
the United States (California, Arizona, and New Mexico),
E. by Texas and the Gulf of Mexico, S. by Guatemala ancl

' In this, as in allotlier Aztec names, the x {orf) represents the English
40und jA: Itencd Uexitli and i/exico should be properly pronounced
ifeshilli, Meshico. But they do not appear to have ever been so pro-
nounced by the Spaniards, who naturally gave to the x its ordinarr
Bjidiiish sound of the Gerniari eh.

British Honduras, where the boundary lines are still partly

undetermined, W. by the Pacific Ocean. Lying between

33° and 15° N. lat. and 87° and 117° W. long., Mexico

stretches about 1950 miles north-north-west and south-

south-east, with a mean breadth of 400 miles, varying

from about 1000 in 26° N. to 130 at the narrowest

part of the Tehuantepec isthmus. It has a coast-line of

nearly 6000 miles,—about 4200 on the" Pacific and 1600

on the Atlantic. The seaboard is little varied either

by deep inlets, bold headlands, broad estuaries, or large

islands. On the west side are the vast GuK of California,

in outline somewhat resembling the Ked Sea, and so named

by some of the early navigators, and the ppen Bay of

Tehuantepec, besides the smaller inlets of Acapulco and

San Bias, forming two of the finest harbours in the world,

and almost the only safe ones in the republic. On the

east side the coast is mostly beset by lagoons and sand-

banks, with no good havens, Camp^che, Vera Ciuz,Tampic6,"'

and Matamoras being all little better than open roadsteads

exposed to the fierce " nortes," or north-easterly gales, that

sweep the Gulf of Mexico for a great part of the year. Of
headlands the most prominent are Capes S. Lucas and

Palmas at the south extremity of Lower California, Cor-

riejates south from San Bias, and Catoche in the north-

east of Yucatan. Besides this peninsula, which projects

north-north-east, the only other is that of Lower California,

which projects south-south-east parallel to the mainland.

The islands are few in number, and all of insignificant size,

the most noteworthy being Tiburon and Angel de la Guarda

in the Gulf of California, the uninhabited Eevillagigedo

group in the Pacific, and Cozumel ofi the Yucatan coast.

Mexico comprises altogether twenty-seven confederate

states, one territory, and the Federal District, with areas,

populations, and chief towns as under ?—

Statee.
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Horn to Beliring's Strait. But more recent researcli, and
especially the surveys made by the French staff during the

military operations between 1861-67/ have shown that

this grand generalizatioji must be abandoned. In remote

geological epochs a marine channel seems to have flowed

between the northern and southern sections of the New
World at the isthmus of Panama, while Mexico itself

appears to be mainly a distinct geographical region

of relatively recent upheaval. Here there nowhere ejdsts

a continuous mountain range, to which might properly be

applied the designation " CordiLlera of the Andes," an

expression which in any case is not current north of the

isthmus of Tehuantepec. Mexico forms, on the contrary,

a vast table-lind, somewhat in the shape of a cornucopia,

with its narrow end tapering to the south-south-east, its

convex and concave sides facing the Pacific and Atlantic

respectively, and with a general inclination northwards.

Most of the so-called Cordilleras are merely the "cumbres"
or escarpments of this plateau, which falls abruptly towards

the Atlantic, and through a series of well-marked terraces

(formerly lacustrine basins) towards the Pacific. Thus the

;arriage road from the capital runs in tolerably easy stages

successively through the Tetla (8000 feet), Mescala (5500),

Papagallo (1800), and Peregrino (1600) valleys down to

Tepes within 40 miles of the seaport of San Bias. But
the southern central plateau of Anahuac maintains its mean
elevation of 7000 to 8000 feet almost everywhere to within

^5 or 40 miles of the Atlantic. Hence the railway opened
in 1872 between Vera Cruz and the capital has had to be

carried by tremendously steep gradients to a height of

nearly 8000 feet within a total distance of 263 miles.^

The general but gradual northerly tilt of the table-land is

shov-E by the altitudes of the capital, Durango, Chihuahua,

and Paso del Norte on the United States frontier, which
are respectively 7600, 6630, 4600, and 3800 feet.

At the same time the scarps rise in many places con-

siderably above the mean level of the plateau, which is

itself intersected and broken into a number of secondary

vaUiiys by several short cross ridges, generally following

the normal direction from north-north-west to south-south-

east. The most continuous range is the Sierra Madre of

the Pacific, which may be traced at a mean elevation of

over 10,000 feet from Oajaca to Arizona, and which from
Guadalajara to the northern frontier is crossed by no
carriage route. Parallel to this is the Lower CalLfornian

ran^;e (Sierra de la Giganta, 3000 feet), which, however,

falls abruptly eastwards, like the Atlantic escarpments.

The Californian peninsula seems to have been detached

from the mainland when the general upheaval took place

wliich produced the vast chasm now flooded by the Gulf

of California. Corresponding with the Sierra Madre of

the Pacific on the west are the more interrupted eastern

ucarps of the central plateau, which sweep round the Gulf

of Mexico as the Sierras Madres of Nuevo-Leon and
Tamaulipas at an elevation of about 6000 feet. These are

crossed by the carriage routes from Tula to Tampico
(highest pass 4820 feet), from Saltillo to Monterey (3400),

and at several other points.

Of the central cross ridges the most important orogra-

phically and historicaOy is the Cordillera de Anahuac,^

' The results of these surveys are embodied in the Carte du Mexique,
scale 1 : 3,000,000, published at Paris in 1873.

- In the steepest parts the mean is 2 'SI in 100, or 133^ feet to the
mile. The exact elevation of the capital above the sea at Vera Croz
appears to be 7550 feet, or 80 more than Humboldt's estimate.

^ The term Anahuac^ meaning in A^tec ** near the water," seems to

have been originally restricted to the central lacustrine basin of

Tenochtitlan. But when the Aztecs reached both oceans they extended
it to the Pacific coast between Tutntepeo and Guatemala (Anahuac-
Ayotlan), and to the Atlantic coast between the Alvarado and
Tabasco rivers (Auahuac-Xicalanco). The originil use of the word is

which surrounds the Mexican (Tenochtitlan) and Puebla
valleys, and which is supposed to culminate with Popo-
catepetl (17,853 feet) and Ixtaccihuatl (15,705).'« But
these giants belong to a different or rather a more recent
system of igneous upheaval, running from sea to sea
between 18° 59' and 19° 12' N. in almost a straight line

east and west, consequently nearly at right angles to the
main axis of the central plateau. The line is clearly

marked by several extinct cones and by five active oi

quiescent volcanoes, of which the highest is Popocatepetl
lying south of the capital nearly midway between the
Pacific and Atlantic. East of this central point of the
system are Citlaltepetl, better known as the Peak of Orizaba
(17,176 feet), 70 miles inland, and San Martin or Tuxtla
(9708 feet) on the coast south of Vera Cruz, to which
correspond on the west the recently upheaved Jorullo

(4000 feet) in Michoacan, Colima (12,800) near the coa^t

in Jalisco, and the volcanic ReviUagigedo group in the

Pacific. South of this Hne, and nearly parallel, are the
Sierras of Guerrero, and south of the Tehuantejjec isthmus
those of Oajaca and Soconusco towards the Guatemala
frontier. In the same direction run the islands of Cuba
and Hayti, which probably belong to the same Central-

American system.

Mexipo is thus physically connected through its older

plateau formations with the North-American table-lands,

and through its more recent volcanic upheavals with the

Central-American igneous region. But as it advances
northwards this region loses in underground energy ; hence,

notwithstanding the remarkable upheaval of Jorullo in

1759, the Mexican cones show little signs of activity,^ and
the land is now scarcely ever wasted by violent earth-

quakes. Such phenomena are most frequent in the Puebla
valley ; but, although often accompanied by the peculiar

underground rumblings known as hramidos, they are

seldom of a destructive character. The natives speak of

them rather as temblores, or "tremblings," than true

terremotos.^

In a region where lofty ranges and plateau forma-

tions with steep escarpments approach almost everywhere

.

to within a few miles of the coast, little space is left for

the development of large river basins. Most of the

streams are little more than mountain torrents rushing

impetuously from terrace to terrace seawards. Many also

still current amongst the natives as practi-JilIy synonymous with

Central Mexico. As a strictly geosrapbical expression it' is vaguely

and often incorrectly used by modern writers.

* This elevation is based on the calculations of Himiboldt, Glennle,

and Gerolt ; but in 1857 Sonntag assigned an extreme height of over

17,000 feet to the highest peak of Ixtaccihuatl. Popocatepetl is usually

supposed to be the highest point of North America; but the recent

United States surveys have transferred this honour to Jlount Elias on

the Alaska coast, whidi appcirs to be certainly over 19,000 feet high.

^ Popocatepetl emits smoke, wheHce its name, meaning in Aztec

"Smoking Mountain," from ^o^oco 'to smoke," and (</)?//" moun-

tain." Since the conquest three eruptions have been reported (1519,

1539, 1540) ; but the geological evidence seems to indic-tfl that

there has been no volcanic action for thousands of years. Orizaba,

whose native name means "Star Mountain," has been quiescent sinc«

1566. Colimi still frequently ejects ashes and smoke; but both

Jorullo and Tuxtla are quiescent, the last haring been silent since the

violeni eiaption of March 2, 1793. Even the Mal-pays, or hot dis-

trict round Jorullo, has cooled down, and is now again clothed with

vegetation.
' It is noteworthy that the seismic waves flow normally along th«

indicated line from east to west, thereby confirming Humboldt's vieW

that under about 19° N. there is a deep rent in the earth's crust,

through which at different periods the undergroood fires have broken

at various points between the Gulf of Mexico and the Revilla.

gigedo group. "Only on the supposition that tliese volcanoes, which

are on the surface connected by a skeleton of volcanic rocks, are also

united under the surface by a ch.iin of volcanic elements in continual

activity, may we account for the earthquakes which in the direction

mentioned cause the American continent, from the Gulf of Mexico to

the Pacific Ocean, to oscillate at the same time" (Egloffstein, p. 37).
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flow through the profound rocTcy gorges or barranca), as

they are here called, which form a characteristic feature of

the Mexican table-lands.i Qn the east side some of these

barrancas, here running mostly west and east, attain depths

of 800 to 1000 feet in the imfossiliierous limestones of

that region . and even on the west coast the De Bcltran

caiion is- flanked by sheer rocky walls over 500 feet high.

Hence the rivers are almost useless for irrigation purposes,

and available as means of communication only for short

distances in their lower reaches, where they flow through

the narrow alluvial strips of level coast-lands to the sea.

Even the Kio Grande del Norte, which is by far the

largest, and which forms the frontier Lne between Mexico

and Texas, is navigable by large vessels only for a few

miles above its port of JIatamoras. The Rio Grande de

Santiago, the largest on the Pacific side, is almost every-

where obstructed by falls and rapids. On this coast the

next in importance is the Mercala, or Kio de las Balsas,

which, like the Panuco, Alvaredo, Coatzacoalas, Grijalva,

and Usumacinta flowing to the Gulf of Mexico, is subject

to sudden freshets during the rains.

At this season the waters which find no seaward outlet

are collected in the depressions of the plateaus, where

extensive tracts remain flooded for several months at a

time. But these lacustrine basins of the Anahuac and

Chihuahua table-lands, standing at elevations of from 4000

to 7000 feet, are, by evaporation under semi-tropical suns,

rapidly reduced to their normal level. The diminished

size of the AnahUac lakes shows that since the conquest a

steady process of desiccation has been going on, due prob-

ably to the reckless destruction of the upland forests by

the European settlers. None of these lakes are of great

size except Lake Chapala, which is traversed by the Rio

Grande de Santiago, and has a reputed area of about 1300

square miles. Amongst those of the plateau especially

noteworthy for their magnificent scenery are Tezcuco and

Chalco, in whose sparkling waters are reflected the sur-

rounding volcanic peaks and extinct craters of the Anahuac

table-land, with a background formed by the Cordilleras,

whose snowy summits rise here and there high above the

dark pine forests of the lower slopes.

In the higher ranges the prevailing formations are

•granites, which seem also to form the foundation of the

plateaus, above which rise the traps, basalts, mineral-

bearing porphyries, and more recent lavas. Hence LyeU's

theory that Mexico consisted originally of granitic ranges

with intervening vaUeys subsequently filled up to the level

of the plateaus by subterranean eruptions. Igneous rocks

of every geologic epoch certainly to a large extent form the

superstructure of the central plateau. But the Mexican

table-land seems to consist mainly of metamorphic forma-

jtions, which have been partly upheaved, partly inter-

penetrated and overlaid by igneous masses of all epochs,

and which are chiefly represented by shales, gre}Tvacke,

greenstones, silicious schists, and especially unfossUiferous

limestone. All these formations are alike remarkable for

the abundance and variety of their metalliferous ores, such

as silver, silver-glance, copper, and gold. Gneiss and
micaceous schists prevail in Oajaca and on all the southern

slopes facing both oceans. But the highest ranges are

formed mainly of plutonic and volcanic rocks, such as

granites, syenites, diorites, mineral-bearing trachytes,

basalts, porphjrries, obiidian, pearlstone, sulphur, pumice,

lavas, tufa, and other recent volcanic discharges. Obsidian

(itztli) was the chief material formerly used by the natives

* *' Near the mountain ranges, from which the vater after heavy

raliM rushes down in innumerahle forest streams, these ravines are

filled with incredible rapidity a« high ta 30 feet,—the torrent importing

{tic) trees and bearing away rocks with * thimdering noisB and

tmaistibl* Jtowar " f£glo&atein. i>. 22)

in the manufacture of their etrtting implements, as show

by the quarries of the CertD de las Navajas (" Knife Cliff")

near Zimapan. Vast deposits of pumice and the purest

sulphur are found at Huichapa and in many of the craters.

But immeasurably the most valuable rocks are the

argentiferous porphyries and schists of the central plateau

and in Sinaloa, unless they are destined to be rivalled by Ae
auriferous deposits of Sonora.^ Horizontal and stratified

rocks, of extremely limited extent in the south, are largely

developed in the northern states, and chalk becomes very

prevalent towards the Rio Grande and Rio Gila valleys.

To this chalk and to the sandstones are probably to be

referred the sandy plains which cover vast tracts in North

Mexico, stretching thence far into New Mexico and Texas.

Here the Bolson de Mapimi, a vast rocky wilderness

inhabited. only by wild tribes, occupies a space of perhaps

50,000 square miles in Coahuila and parts of the surround-

ing states.

None of the horizontal layers seem to be very rich in

ores, which are found mainly in the metamorphic, pftleeozoic,

and hypogene rocks of Durango, Chihuahua, and the south.

Apart from Sinaloa and Sonora, which are now known to

contain vast stores of the precious metals, nearly all the

historical mines lie on the south central plateau at eleva-

tions of from 5500 to 9500 feet. A line drawn from

the capital to Guanajuato, and thence northwards to

the mining town of Guadalupe .y Calvo in Chihuahua,

and southwards to Oajaca, thus cutting the main axis

of upheaval at an angle of 45°, will intersect probably the

richest known argentiferous region in the whole world.

The central group of mines in the three mineral districts

of Guanajuato, Zacatecas, and Catorze (San Luis Potosi),

which have yielded more than half of all the silver hitherto

found in Mexico, lie between 21° and 24° 30' N., within an
area of about 13,000 square miles. Here the Veta Madre
lode of Guanajuato alone produced £504,000 between

1556 and 1803, besides' £10,000 of gold. This metal,

however, occurs chiefly, not on the plateau in association

with silver, but on the slopes facing the Pacific, and
apparently in greatest abundance in Sonora, near the

auriferous region of New California. In recent times over

half of the silver produced in the whole world has been
supplied by Mexico, and the total yield of the precioua

metals between 1537 and 1880 was as under :^—
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Michoacao, and elsewhere; iron in immense masses in

Michoacan and Jalisco, and in Durango, where the Cerro

del Mercado is a solid mountain of magnetic iron ore : lead

associated with silver, especially in Oajaca : tin in

Michoacan and Jalisco ; sulphur in many craters
; platinum

recently found in Tlaxcala and Hidalgo ; cinnabar also

recently in Morelos and Guerrero ;
" steppe salt " in the

sandy districts of the north :
" bitter salt " at Tepeyac

;

coal in limited quantities at various points ; bismuth in

many parts ; marble, alabaster, gypsum, and rock-salt in

great abundance throughout the plateau and the sierras. In

1882 there were open altogether 569 mines :—541 silver,

14 gold, 4 copper, 4 lead, 3 salt, 2 coal, and 1 mercury.'
' Intersected about midway by the Tropic of Cancer,

and stretching across seventeen parallels of latitude,

Mexico, from its position alone, necessarily enjoys a great

diversity of climate. But from its peculiar configuration

this feature is affected far more by the relief of the land

than by its distance from pole or equator. This is especi-

ally true of the more fertile and populous section lying

within the torrid zone, where three distinct climatic regions

are distinguished, not according to their horizontal, but
according to their vertical position. The temperature

falling steadily with the elevation of the land, which hero

rises rapidly from sea-level to nearly 18,000 feet above
the surrounding waters, the low-lying coast-lands, up to

about 3000 feet on the scarps and terraces of the central

plateau, are comprised within the first zone of tiei-ras

calientes, or "hot lands." Within this zone are included

all the sandy and marshy tracts fringing the Gulf of

Mexico, the lower slopes facing eastwards and exposed to

the hot and moist winds from the Caribbean Sea, and most
of Yucatan and the Tehuantepec isthmus, besides the

narrow strip between the uplands and the Pacific which
broadens northwards along the east side of thfe Gulf of

California. Here the mean temperature varies from 77°

to 82° Fahr., seldom falling below 60°, but often rising to

105°, and in the sultry districts of Vera Cruz and Acapulco
to 110°. The extreme north-western parts of this region

come almost within the rainless zone, and the Californian

peninsula itself is subject to excessive droughts, rendering

it almost uninhabitable. But farther south the climate

on both seaboards may be described as humid, hot, and
extremely unhealthy, especially for Europeans. Yellow
fever and black vomit are here endemic. But these

scourges are at least compensated by a magnificent tropical

Tegetation and extensive virgin forests abounding in

valuable timbers, dyewoods, and medicinal and other

useful plants. Of the 114 species of trees and cabinet

woods, 17 of oil-bearing plants, and over 60 of medicinal

plants and dyewoods indigenous to M&xico, and often

differing specifically from kindred varieties in Central

and South America, by far the larger part are repre-

sented in the tierras calientes. Amongst the most im-

portant of these forest plants are mahogany, rosewood,

' Lor»nzo Castro, Mexico in 1882. According to this aiitliority the
total yield nf the Mexican mines between 1537 and 1880 was
£7~6,2r6,000, while another estimate based on a report of the
Mexican mint gives it at £930,786,000. Of this a large amount has
bef a coined in Mexico, where there were eleven mints at work in 1876,
wiiU a total annual yield of about £5,000,000. The total coinage
eince the conquest has been estimated as high as £600,000,000, not
more than 5 per cent, of this being gold. With regaru to coal, the ex-

istence of which in Mexico has been recently denied by Mr Bigelow in

Harper's Magazine, ofEcialreturns for 1882 give a list of over twenty
places where it has been found, though nowhere as yet in large quan-
tities. Petroleum also appears to be very abundant in several

localities. Amongst other natural products mention should bo made
of amber, found on the Yucatan coast, Alineral springs are very
numerous everywhere on the plateaus and terrace-lands. The most
famous are El Pefion and N. Seiiora de Guadelupe near the capital,

a'jj Aguas Calientes farther north.

t(—10*

copal, caucho (india-rubber), jalap, sarsaparilla, and vanilla.

Here also maize, supplying the staple food of the people,
yields prodigious returns, multiplying from two hundred
to four hundred fold, and affording two, three, and even
four successive crops within the year. Rice, indigo, cotton,
tobacco, and coffee all thrive well, while sugar, cocoa, the
banana, and several varieties of beans are largely cultivated.

The tobacco of Vera Cruz and Tabasco, the coffee of Colima,
and the cocoa of Oajaca and Chiapas are of unrivalled
excellence.

To the " hot lands " succeed in vertical position tbfi

tierras templadas, or "temperate lands," which comprise
all the higher terraces and the central plateaus themselves
between about 3000 and 8000 feet. With a mean tempera-
ture of from 62° to 70° Fahr., and oscillating between
such moderate extremes as 50° and 86°, this region enjoys
oue of the very finest climates on the globe. The Puebla
and Anahuac table-lands are described by enthusiastic

• travellers as " terrestrial Edens," with a perennial spring
symbolized by the evergreen oak, cedars, and many
analogous plants, which here attain their greatest perfec-

tion. The transition from the lower zone is often very
gradual ; and, while endemic fevers cease altogether at
altitudes of 2700 and 2800 feet, the tropical flora invades
many parts of the terrace Lmds, and even of the plateaus
to heights of 4000 and 5000 feet.^ A certain uniformity
is thus imparted to the Mexican landscape by the wide
range of the maize, wheat, tobacco, vine, coffee, and other
plantations, as well as by the palms, evergreens, mango,
olive, orange, lemon, yucca, and an endless variety of the
cactus family, one species of which forms hedges 20 feet

high on the Anahuac uplands. The central zone is on the
whole drier than the southern lowlands, although the
scarps facing seawards are often wrapped in the fogs and
mists of the intercepted moisture-charged atmospheric
currents. The heaviest recorded rainfall (90 to 100 inches)

occurs in the healthy Huatusco district of Vera Cruz, at

an altitude of 4380 feet.

In the highest zone of tierras frias, or " cold lands,"

embracing all the highlands from about 8000 feet upwards,
the rainfall is five times le.ss than on the tierras templadas.

Hence snow rests throughout the year only on the four

most elevated peaks of Pojjocatepetl, Orizaba, Nevada de
Toluca (15,000 feet), and Ixtaccihuatl. Characteristic

both of the tierras frias and templadas is the maguey
{Agave mexicana), whose fruit is edible, and whose
fermented juice has from time immemorial sujiplied the
famous pulque, or national beverage of the ilcxicans.

From the fibre of the heniquen, an allied species, is pro-

duced the " Sisal hemp " of commerce, which has in recent

years become the staple export of Yucatan.

Speaking generally, the four seasons are clearly marked
north of 28° N. lat. only. South of that parallel they

merge in the eslacion de las ar/uas, or rainy season, from
May to October, and the estacion seca, or dry season, which
prevails for the rest of the year. The rains generally

begin on the east coast, gradually moving westwards. In

the Pacific the moist atmospheric currents are deflected

northwards, whence the striking contrast between the

^ On the Amilpaa plateau, which stretches south of Popocatepetl at

a mean height of 5000 to 5400 feet, *' coffee, sugar, and indigo are culti-

vated, and most of the tropical fruits grow luxuriantly " (Eglof^^tcin,

p. 17). The same authority gives the limits of vegetation iti this

region at 12,614 feet, and the snow-line at 14,960 feet. Ho observes

that ** nothing is niore surprising to the traveller than the varieties of

climate under this zone, which vary according to the tlitferenl elevations

above the sea. In a few hours wo descended from the cold regions of

the fir and the oak, on the heiglits of Ozumba, to a hot climate, iierra

caliente, where we found the most luxuriant vegetation, passing in

that short time through successive changes of the most diversified

species of ^ees, plants, birds, insects "
(p. 22). -
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wooded slopes of British Columbia and the treeless crests

of the arid Lower Californian peninsula.

In its fauna no less than in its flora Mexico forms

a land of transition between North and Central America.

In common with the north it has several Tarieties of the

bear, the wolf, coyote, skunk, bison, squirrel, beaver,

marten, otter, rattlesnake, heloderm,i mocking-bird, and

many wild fowl ; while its monkeys (five species), puma,

jaguar, ocelot, sloth, tapir, alligators (two species), iguana,

boa, scorpions, tarantulas, and numerous brilliantly coloured

parrots, trogons, and humming-birds connect it vrith the

southern regions. Peculiar to Me.\ico, and distinguishing

it from most tropical and subtropical lands, are its song-

sters, of which, besides the mocking-bird {zeuzontC)^ as

many as twenty species have been enumerated. The

coasts are well supplied with fish and turtles, while the

pearl fisheries of the Gulf of California continue to be a

source of wealth to that otherwise unproductive territory,

yielding in 1875 pearls to the value of £16,000, and

£28,000 worth of shells. All the European domestic

animals Ahrive w^ll, and vast herds of cattle, horses, and

sheep are foUnd on the well-stocked ranches of the

northern states. Here some of the more prosperous

breeders own from twenty to thirty thousand head of

oxen, and next to the precious metals hides and cattle

are among the chief articles of export.

But in the south stock-breeding yields everywhere to

agriculture as the" chief occupation of the people. Being

largely volcanic, the soil is here extremely fertile wherever

water can be had in sufiicient quantities for irrigation

purposes. Next to maize, which with beans and chilli

forms the almost exclusive food of the Indians, the most

important crop is probably sugar, of which over 60 million

pounds are annually produced in the state of Morelos alone.

Coffee is extensively cultivated on the lower slopes, and

now exported in considerable quantities, especially to the

United States. The tobacco and cotton crops are yearly

increasing in importance, while from the maguey is

extracted, besides pulque, a spirit called mezcal to the

innual value of about £750,000. The aborigines are

partly employed as free labourers on the plantations, and

partly hold small plots liable to a li'ght Government
tax.. The food crops thus raised were valued in 1873

at £14,500,000, the agricultural produce at £30,000,000,

and the landed property at £85,000,000, but the last

item was estimated by the minister of finance at fully

three times that sum. The value of arable freehold land

was stated in 1883 to be from £1 to £3 per acre, accord-

ing to its proximity to or remoteness from rivers.

Of the industries strictly so called, those directly connected with
ugricultural interests have alone acquired any considerable develop-

ment. Such arc sugar refining, carried on on a vast scale, especi-

ally in Jlorelos ; brewing and distilling, chiefly from maguey; paper-

making from various pulps and fibres
;
gristmills and saw-mills,

especially in Pucbla, Qucrctaro, Guadalajara, and Saltillo. A few

iron foundries have been at work for son)0 years, and stout hand-
woven cotton and woollen fabrics are produced in many of the large

towns. The rebozos (shawls) of Leon and Salvatierra have a wide
repute, while Texeoco and Puebla are noted for their porcelain and
glass-ware. Among the petty industries are clay and rag figures,

artificial flowers, wooden toys, and gold filigree work, in the praduc-
tion of which the natives often display remarkable taste and skill.

But all these manufactured wares are solely intended to supply
the local wants, so that the exports have hitherto been restricted

almost exclusively to the produce of the land and of the mines.

Of the former the chief items are coffee, Sisal hemp, tobacco,

hides, lumber, cochineal, indigo, and other dyes, sarsapanlla,

vanilla, orchil, india-rubber. But the precious metals still continue

to constitate fully two-thirds of all the exports, which in 1882 had
a total estimated value of about £6,000,000. In the same year an

^ A specimen of this curious creature, the only known venomous
Vzard (Hdoderma suspectum), reached the London Zoological Gardens in

1882; its habitat is the north of Mexico, and New Mexico, Arixona,

and Texas.

equal sum represented the imports, the leading items ci wnicn were

cotton, linen, silk, and woollen goods, metals, hardware, machinery,

and provisions. Although diplomatic and consular relations with

Great Britain have been suspended since 1867, that country still

continues to enjoy by far the largest share of the foreipi trade,

tiking about £2,000,000 of the e.xports, and sending m return

about two-thirds of all the imports, for 1882. Next in importance,

in descending order, is the trade with the United States. France-

Germany, Spain, and Columbia.

Probably foui-fifths of the exchanges now pas" through Vera

Criii which, since the opening of the railway to the Anahuao

plateau, has become the natural out-port of the capital and all the

central states. It is connected by several lines of ocean steamers

with Liverpool, Southampton, St Nazaire, and the Atlantic States

of North America. On the Pacific seaboard, where the trade i."

largely in German hands, Acapulco and tha other portd also tnioy

lenular steam communication with San Francisco and Panama. >>'o

accurate returns are available of the shipping ; but the yearly

arrivals in all the Mexican ports are stated to average about five

thousand,—not more than one-fifth under the national flag.

Till recently the means of internal locomotion were mainly Ooa
limited to the wrenched bridle-paths from the central plateau over rMumr^x.

the sierras and terra^'e-lands down to a few points on both coasts, tiou

and to twenty-four regular lines of diligences under one manage-

ment. But since the completion of the line from Vera Cruz to tije

capital, with a branch to Puebla, the Mexican railway system has

acquired a considerable development. The Inter-Oceanic line across

the Tehuantepec isthmus is in progress ; the Great Central Trunk

line running northwards through Chihuahua will ere long effect a

junction with the North-American net-work; and at the end of 1882

there had been opened to traftio altogether 2219 miles. For that

year the number of passengers carried was 8,250,000, and of mer-

chandise 273 million tons, with net earnings £940,000, or £800 per

mile. Still more developed is the telegraph system, which is now
extended to all the state capitals, and through the Mexico-Mata-

nioras line to the United States and the rest of the world. The
8150 miles open in 1882 forwarded 750,000 messages, or in th*

proportion of 8 per 100 inhabitants. ,

For the same year the estimated revenue was £6,14D,000, tin-n'-^

and expenditure £6,300,000. The foreign debt is stated to be

£19,600,000, and the internal about £10,000,000, or altogether at

the rate of £3 per head of the population. Most of the foreign

debt is owned in England, but the British claims had long been

practically repudiated by the Mexican Government. At the end of

1882, however, a semi-official suggestion was made that a settle-

njent might be effected by Mexico paying 1 per cent, on the

capital for the first ten years, 2 for the second, and 3 there-

after, the whole sum, amounting to £13,000,000, to be liquidated

in fifty years. ^ The revenue is chiefly derived from the customs,

and about £1,750,000 of the expenditure is absorbed by the army,
the peace footirg of wliich is 22,500 men of all arms. Beyond a

few coastguard steamers maintained mainly for revenue purposes,

there is no navy. An indication of financial improvement is

afforded by the establishment in 1882 of the Mexican National Bank.

by a French company with a capital of £4,000,000. This bank iS

privileged to issue paper money up to £12,000,000, in return allow-

irg the supreme executive to overdraw their account up to

£2,000,000. A further symptom of revival is presented by the

increasing business of the general post-office, which in 1880
forwarded 4,406.000 letters and packages through 873 ofiices.

Education also has made marked progress since the final

reparation of church and state in 1857. In that year the old

ujiversity of Mexico, a purely ecclesiastical institution alter the

model of Salamanca and the Sorbonne, was abolished, or ratherwas re-

placed by special schools of law, medicine, letters, agriculture, mines,

sciences, fine arts, and commerce, and a military college. These,

as well as numerous lower schools, including two hundred in tho

capital alone, are all maintained by the state, while national schools

are supported by public grants in all tho large towns, and higher

institutions in the capitals of the several states. There are

in all nearly five thousand public schools, besides establishm''.it3

for the deaf and dumb, the blind, and juvenile delinquents, oui
numerous charitable foundations maintained by voluntary contri'

butions.

Roman Catholicism, which under the Spanish ru!9 was alone
tolerated, continued after the separation to be the elate religion

till 1857. Since then, while all churches enjoy equal protection,

none are officially recognized. The great majority of the Jndioa

fideUs, mestizoes, and Creoles still adhere at least outwardly to the

Koman Church, which is administered by a hierarchy of three arch-

bishops (Mexico, Morelia, and Guadalajara) and twelve bishops.

But by the organic laws of 1856 and 1859 all ecclesiastical estates,

at one time comprising over one-third of tho soil, were nationalized,

* This advance towards a settlement was put forward in the Tu^o

Republics of Uecember 5, 1882, a Mexican journal which reflect©

tho views of tho Government on all matters of foreign policy.
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the regular clergy suppressed, and their monasteries, together with
all other suiierfluous ecclesiastical structures, appropriated by the
state. During the last few years American Protestant missions

have claimed some partial success, and the so-called "Church of

Jesus," an undenominational body of a somewhat original type,

has found a number of adherents, especially on the AnaTiuac table-

land. But the Jndios bravos, or uncivilized aborigines, everywhere
follow the old spirit worship, while the Christianity of the Fideles

is little more than a cloak for the continuous practice of the former
Aztec heathenism. The pomp of the Roman ritnal is supplemented
by the feasts of the national ,>orship, and the Pagan deities of the

old cult are still represented by the saints of the Roman calendar.'

Mexico constitutes at present a confederation of

states modelled on that of the North-American Union,
and administered according to the constitution of 1857 as

amended in 1873-74. By popular suffrage are chosen the

president, the upper house (fifty-two members), and the

supreme judiciary for four years, and the lower house (two

hundred and twenty-seven members) for two years. The
senate, abolished in 1853, was restored in 1874, and
the chief justice is ex officio vice-president. The federal

states, which are divided into a number of administrative

districts, enjoy full autonomy in aU local matters. The
several constitutions are modelled on that of the central

government, and like it comprise three departments

—

legislative, executive, and judicial. Each state is repre-

sented in the federal congress in the proportion of one
member for every 80,000 inhabitants, and in the federal

senate by two members elected by suS'rage in the local

congress. All external affairs and questions of general

interest are reserved for the central government. The
constitution as now established thus represents in theory

the complete overthrow of mediaevalism, and the absolute

triumph of the new ideas which in the Old World are

still in so many places struggling for the ascendency.

It is this struggle between privilege and popular
rights that lends its human interest to the othermse
monotonous record of unresisted oppression and apparently

aimless revolutions which characterize the early and the

later periods of Mexican history, from the overthrow of the

native rule down to the present day. The early or colonial

period covers exactly three hundred years,—from the death
in 1521 of Guatemozin, last of the Aztec emperors, to the

withdrawal of the last Spanish viceroy, Don Juan O'Donoju,

in 1821. During these three centuries the attitude of the

masses was one rather of sullen submission than of active

resistance to grinding oppression. By the Spanish Govern-

ment Mexico was looked on merely as a vast metalliferous

region, to be jealously guarded against foreign intrusion

and worked exclusively for the benefit of the crown. The
natives were evangelized chiefly for the purpose of being

employed as slaves above and below ground, and thus was
introduced from the West Indies the system of reparii-

mientos, or distribution of the aborigines on the plantations

and in the mines. But, while this system proved fatal to

the natives of Cuba and Hayti, where it had to be replaced

by negro labour, the hardier populations of the Anahuac
plateau successfully resisted its blighting influences. It

proved in fact more disastrous to the oppressor than to the

oppressed. In those days Spain was commonly compared
to a sieve, never the richer for all the boundless wealth

drawn from the New World. But the aborigines derived

at least some advantage from contact and partial fusion

1 On the general state of religion in Mexico Bates well remarks:

—

"The educated classes conform to the outward ceremonies and ordi-

nances of the church, while inwardly believing little or nothing of its

dogmas. The lower grades of society are, on the other hand, steeped
in the most grovelling superstition. Intensified by many traditional

Indian reminiscences. This section of the community yields a blind
obedience to the clergy, notwithstanding the severe laws with which
the Government has endeavoured to counteract the influence of the
priests. Even so recently as 1S74 a genuine case of witch-burning
occurred in Mexico."

—

Central America, p. 34.
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with a people of superior culture. This fusion, which may
be regarded as the chief outcome of the colonial admini-
stration, has contributed to the formation of the present
exceedingly complex Mexican nationality, in which the
Indian continues to be the predominating element. Taking
the whole population at less than' ten millions, its ethnical
distribution appears to be at present as under :

—

1. Full-blood Indians 5,000,000
2. Mestizoes (half-caste Indians and Whites) 3,000,000
3. Creoles (whites of Spanish descent) 1,500,000
i. Gachupines- (Spaniards by birth) 50,000
5. Other Europeans and Americans 100,000
6. Full-blood negroes .-. 10 000
7. Zarabos or "Chinos" (Indo-Africans) 45',000
8. Mulattoes (Eurafricaus) 5,000

Under the Spanish administration, which was marked on
the surface by few stirring events, such as warlike expedi-
tions, civil strife, or serious internal troubles, Mexico, or
New Spain, formed a viceroyalty at one time stretching
from the isthmus of Panama to Vancouver's Island.
Antonio de Mendoza, appointed in 1535 after government
by audiencias had proved a signal failure, was the first of

•sixty-four viceroys who ruled with almost autocratic power,
but scarcely any of whom has left a name in history. Don
Juan de Acuna (1722-34) is mentioned as having been the
only native American among them, and Don Juan V. G.
Pacheco (1789-94) had at least the merit of betraying
some regard for the social welfare of his subjects. Under
him a regular police, the lighting and draining of towns,
and other municipal improvements were introduced.

But down to the early years of the present century all

emoluments in church and state, most of the large planta-

tions, of the mines, and of the commerce of the country,

continued to be monopolized by the privileged gachupines,
whom the Creoles and mestizoes had already begun to regard
as aliens. Hence the first reactionary movements, stimulated
by -Napoleon's deposition of King Ferdinand and arrest of

the viceroy Hurrigaray in 1808, were aimed rather against

odious class distinctions and the intolerable oppression of

these aliens than against the abstract rights of the Spanish
cro^vn. The long smouldering spirit of discontent at last

broke into open revolt in 1810 at Guanajuato, under the
Jeadership of Don Miguel Hidalgo. After his defeat and
execution in 1811, the struggle was continued by Morelos,
who, like Hidalgo, was a priest, and shared his fate in

1815. But he had already called a national assembly at

Chilpanzinco, and by this body Mexican independence was
for the first time proclaimed in 1813. A guerilla warfare
kept the national spirit alive till a fresh st/mulus was
given to it by the Spanish revolution of 1820. Under
the leadership of the " Liberator " Iturbide, Mexican inde-

pendence was again proclaimed on February 24, 1821, and
the same year the capital was surrendered by O'Donoju,
the last of the viceroys. But even after the revolt had
thus been crowned vnth. success a change of personnel
rather than of system was contemplated ; nor was Iturbide
proclaimed emperor until the >Iexican crown had been
declined by a royal prince of Spain.

Almost simultaneously with this event the republican

standard had been raised by Santa Anna at Vera Cruz
(December 1822). Thus the nation had no sooner got rid

of foreign rule than it became torn by internal dissension.

But henceforth the struggle is not so much against the

privileged classes as between Conservative and Liberal

principles,—the former represented chiefly by the church
and the superstitious populace, the latter by the more
enlightened but not less unscrupulous sections of the com-
munity. From both the Indios Bravos, that is, about a

third of the whole population, hoid entirely aloof, and take
advantage of the public disorders to continue their aggres-

' From the Aztec GaUopin, centaur ; also known as Chapttonu.
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sive warfare against all alike.* Events now follow in quick

succession, and as many as three hundred successful or

abortive revolutions are recorded during the brief but

stormy life of Mexican national independence.- But amid

the confusion of empires, republics, dictatorships, and

military usurpations, succeeding each other with bewilder-

,ng rapidity, the thoughtful student will still detect a steady

orogress towards the ultimate triumph of those Liberal

deas which lie at the base of true national freedom. A
orief tabulated summary of the more salient incidents in

this eventful struggle must here suffice :

—

1821-23 Slexicaa independence acknowledged by Spain ; regency

under Iturbide, who (1822) is elected hereditary constitu-

tional emperor; in December Santa Anna proclaims the

republic in Vera Cruz.

1823-24. Provisional Government; Iturbide abdicates; exiled,

withdraws to Ixindon, but returning is shot (1824).

1824. First Liberal constitution,—"Acta Constitutiva de la Federa-

cion Mexicana," then comprising nineteen states and five

territories ; first president D. Felix Victoria, known as

"Guadalupe Victoria."

1828-30. Contested presidencies of Pedraza, Guerrero, and Busta-

raentc.

1835. Reaction of the church party ; constitution of 1824 abolished
;

the confederate states fused in a consolidated republic under
Santa Anna as president, but practically dictator.

1836. Texas refusing to submit secedes, defeats and captures Santa
Anna.

1837. Santa Anna returning resumes ofiSce.

1839. Bravo's brief presidency followed by much anarchy.

1841-44. Santa Anna's first dictatorship with two others.

1844. Constitution restored with Santa Anna president; banished

same" year, he is succeeded by Canalizo.

1845. Herrera president; disastrous war with United States to

recover Texas.

1846. Santa Anna again president.

1848. Treaty of Guadalupe ; California and New Mexico ceded to

United 'States.

1853. Santa Anna's second dictatorship; treatyofMesilla (negotiated

by Gadsden) ceding extensive territory to United States and
reducing Mexico to its present limits

;
great financial embar-

rassment; " Plan of Ayutla" ; flight of Santa Anna followed

by universal chaos.

1855. Provisional Government under President Comonfort.

1856. Constitutional convention : radical reforms ; mpture with
Spain.

1857. Liberal constitution of March 11 ; suspended December 1

;

Comonfort dictator ; the reaction supported by the church,

large part of the army, and all Conservatives ; opposed at

A'era Cruz by Vice-president Benito Juarez at the head of the

"Puros," or advanced Liberals; the "War of Reform"
begins, and lasts till 1860.

1858-59. In the capital Comonfort is deposed by Zuloaga, who
abdicates in favour of Miramon, general of the Conservative

forces ; but, declining the presidency, Miramon restores

Zuloaga ; British legation violated ; in Vera Cruz the

United States envoy MacLean acknowledges Juarez, who
introduces further Liberal measures.

1860. Capitulation of Guadalajara ; flight of Miramon from the

capital ; triumph of the Liberals.

1861. Triumphal entry of Juarez into the capital ; further radical

reforms ; marriage declared a civil contract ; celibacy and
ecclesiastical tribunals suppressed ; confiscation of church
property valued at i"? 5, 000,000 and over a third of the soil

;

final separation of church and state ; Spain, France, and
England urge claims for losses of their subjects resident in

Mexico ; convention of lx>ndon ; intervention of the allies,

who occupy Vera Cruz in December.
1862. England and Spain withdraw, their claims having been

settled by negotiation ; war continued by France.

1863-64. The capital occupied by the French ; Louis Napoleon
dreams of a universal fusion of the Latin races ; offers the
Mexican imperial crown to the Austrian archduke Ferdinand
Maximilian, who accepts, and arrives in Juno 1864.

1867. After diverse issues the French withdraw ; Maximilian,
abandoned to his fate, is captured and shot at Querctaro
(June 19).

* In December 1882 a party of seventy-five Jtexicans and Americans
were massacred in the state of Chihuahua by a band of Bravos.

^ Between 1S21 and 1868 the form of govemment was changed ten
times; over fifty persons succeeded each other as presidents, dictators,

or emperors; both emperors were shot, Iturbide in 1824, Maximilian
in 1 867, and according to some calculations there occurred at least three

bun'lred pronunciamicntos.

1867-69. Various pronunciamientos by Santa Anna and others.

1871-72. Juarez president ; he dies in office July 1872 ; succeeded

by his secretary Lerdo de Tcjada.

1875-74. The Liberal constitution of 1857, which had been twice

suspended (1858-60 and 1863-67), is now largely amended,

and continues to be henceforth the organic law of Mexico.

1876. Tejada succeeded by Porfirio Diaz.

1880. Manuel Gonzalez, reigning president

Since 1869 the Liberal party has succeeded in preserving peace at

homo and abroad, while establishinc democratic institutions on a

firm basis. A. v. Humboldt's gloomy anticipations' have not been

realized, and for the first time in its chequered histoiy Mexico may
look forward with some confidence to a bright future. The plagne

spot is the uncivilized Indian element. But with boundless natural

resources at its disposal, a wise administration may hope to over-

come that difficulty, and gradually effect a complete fusion of the

anttgonistic racial elements.
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in. THE CITY OF MEXICO.

Mexico, the capital formerly of the Aztec empire and of

the Spanish colony of New Spain, and now of the republic,

state, and federal district of Mexico, stands on the Anahuac
plateau, 7524 feet above sea-level, 2i miles from the south-

west side of Lake Tezcuco (Texcoco), the lowest and largest

of six basins filling the deepest depression in the hill-encircled

Mexican valley. Situated in 19" 25' 45" N. lat. and 99° 7'

W. long., it is 173 miles by rail from Vera Cruz on the

Atlantic, 290 from Acapulco on the Pacific, 285 from Oajaca,

863 from Matamoros on the United States frontier. Mexico
is the largest and finest city in Spanish America, forming

a square nearly 3 miles both ways, and laid out with perfect

regularity, all its six hundred streets and lanes running at

right angles north to south and east to west, and covering

within the walls an area of about 10 square miles, with a

population (in 1880) of 230,000. Most of the inhabitants

are pure-blood Indians or mestizoes ; but the foreigners,

chiefly French, English, Germans, Americans, and Spaniard.s,

monopolize nearly all the trade, and as capitalists, bankers,

merchants, and dealers enjoy an influence out of all

proportion to their numbers. A large portion of the

natives are mendicants or vagrants, and the distinctly

criminal element (20,470 in 1878) is kept in oi-dcr by a

police fore > of 1320 men; yet in that year there were as

many as 5370 knife-attacks and 3250 roWierics. The

* Consulted shortly before his death as to the future prospects of

Mexico, with which his name was so intimately associated, Humboldt
ventured to prophesy that "die Vereinigttn Staaten werden esansich
reissen und dann selbst zerfallen,"
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bread weli-paved, and gas-lit streets present a picturesque

appearance with their quaint two- and three-storied stone

houses gaily painted in white, red, yellow^ or green, and
terminating everywhere with a background of rugged
sierras or snowy peaks which, owing to the bright atmo-
sphere at this elevation, seem quite close, although really

-50 or 40 miles distant. All the main thoroughfares con-

verge on the central Plaza de Armas (Plaza Mayor, or

Main Square), which covers 14 acres, and is tastefully laid

•ut with shady trees, garden plots, marble fountains, and
ieats. Here also are grouped most of the public buildings,

towering above which is the cathedral, the largest and
most sumptuous church in America, which faces the north

side of the plaza on the site of the great pyramidal teocalli

or temple of Huitzilopochtli, titular god of the Aztecs.

This edifice, which was founded in 1573 and finished in

1657, at a cost of £400,000 for the walls alon^, forms a

Greek cross 426 feet long and 203 wide, with two great

naves and three aisles, twenty side chapels, and a magnifi-

cent high altar supported by marble columns, and sur-

rounded by a tumbago balustrade with sLsty-two statues of

the same rich gold, silver, and copper alloy serving as

candelabra. The elaborately carved choir is also enclosed

by tumbago railings made in Macao, weighing 26 tons, and
valued at about £300,000. In the interior the Doric style

prevails, Eenaissance in the exterior, which is adorned by a
fine dome and two open towers 218 feet high. At the foot

of the left tower is placed the famous calendar stone, the

most interesting relic of Aztec culture. The east side of

the plaza is occupied by the old viceregal residence, now
the National Palace, with 675 feet frontage, containing

most of the Government offices (ministerial, cabinet, treasurj'),

military headquarters, archives, meteorological department
with observatory, and the spacious hall of ambassadors with
some remarkable paintings by Miranda and native artists.

North of the National Palace, and • apparently forming
portions of it, are the post-ofiice and the national museum of

natural history and antiquities, with a priceless collection-

of Mexican remains. Close to the cathedral stands the

Monte de Piedad, or national pawnshop, a useful institu-

tion, endowed in 1744 '"^Xerreros with £75,000, and now
possessing nearly £2,000,000 of accumulated funds.

Facing the cathedral is the Palacio Municipal (city haU),

252 feet by 122, rebuilt in 1792 at a cost of £30,000, and
containing the city and district offices, the corporation jail,

and the lonja, or merchants' exchange. Around the

Plaza San Domingo are grouped the convent of that

name, said to contain vast treasures buried within its walls,

the old inquisition, now the school of medicine, and the

custom-house. In the same neighbourhood are the church

of the Jesuits and the school of arts, "an immense work-
shop, including iron and brass foundries, carriage and cart

mending, building and masonry, various branches of joinery

and upholstery work, and silk and cotton hand-weaving "

(Brocklehurst). Other noteworthy buildings are the

national picture gallery of San Carlos, the finest in

America, in which the Florentine and Flemish schools are

well represented, and which contains the famou.=. Las
Casas by Felix Parra ; the aational library of St Augustine,

'with over 100,000 volumes, numerous MSS., and many rare

old Spanish books; the mint, which since 1G90 has

issued coinage, chiefly silver, to the amount of nearly

£400,000,000 ; the Iturbide hotel, formerly the residence

of the emperor Iturbide ; the Mineria, or school of mines,

with lecture-rooms, laboratories, rich mineralogical and
geological specimens, and a fossil horse 3 feet high of the

Pleistocene period. Owing to the spongy nature o. the

soil, the Mineria and many other structures have settled

out of the perpendicular, thus often presenting irregular

lines and a rickety appearance. Among the twenty

scientific institutes mention should be made of the Geogra-
phical and Statistical Society, whose meteorological depart-
ment issues charts and maps of unsurpassed excellence.

Besides the chief market south of the National Palace there are
three others, all well stocked with meat, fish, and especially
vegetables, fruits, and flowers grown mainly on vie chinampaa, or
floating gardens of Lakes Chalco and Xochimilco. These gardens,
which were far more numerous in the Aztec times, are formed by
placing layers of turf on the matted aquatic vegetable growths to a
height of 2 or 3 feet above the water, and securing tbem by long
willow poles driven through them to the bottom, where they take
root. They form plots 100 to 200 feet long by 20 to 100 broad, and
are firm enough to support the huts of the cultivators. From the
still extant illuminated tribute-rolls it appears that the Aztec
rulers derived a large share of the taxes from these gardens, which
at that time also covered the brackish waters of Lake Tezcuco.

Before 1860 half of the city consisted of churches, convents, and
other ecclesiastical structures, most of which have been sequestrated
and converted into libraries, stores, warehouses, and even stables,
or pulled down for civic improvements. Nevertheless there still

remain fourteen parish and thirty other churches, some of large size
with towers and domes, and their number has now been increased
by six Protestant churches including the Anglican cathedral in
San Francisco Street. This is the leading thoroughfare, and is

rivalled in splendour only by the new Cinco de Ifayo Street running
from the National Theatr to the cathedtal. ,-"
The city b supplied by two monumental aqueducts, from Chapul-

tepee and the south-west, with good water at the rate of H gallons
per day per inhabitant.

Its industries are varied but unimportant, consisting chiefly of
gold and silver work, coarse glazed and unglazeil pottery of pecuhar
form and ornamentation, paper, feather-work remarkable for its taste
and beautiful designs, toys, rosaries, crucifixes, rehgioua pictures,
lace, and some weaving.
Mexico enjoys an equable climate, witha temperature varying from'

70° to 60° F., but rendered unhealthy by the exhalations from the
lakes and the bad drainage. The death-rate in 1876 was 59 per
1000, and 45 in 1878, pneumonia beinw most fatal (12 per cent, of the
total). Standing at the lowest level of a lacustrine valley, 1400
square miles in extent, and completely encircled by hUls with no
natural outlet, the city has always been subject to floodings from
the overflow of the neighbouring freshwater Lakes Zumpango and
Xaltocau on the north and Xochimilco and Chalco on the south,
which, in the 17th century, laid the whole district under water in
1607, and again for five years from 1629 to 1634. To remedy the
evil the engineer Martmez began in 1607 the great cutting 13 miles
long through the Nochistongo hill in order to draw ofl' the
discharge ot Lake Zumpango, the highest in the valley, to the river
Tula, a tributary of the Panuco, flowing to the Atlantic. This work,
which cost the hves of 70,000 natives, was completed in 1 789; but the
result was not satisfactory, and the city is still often flooded.
• The chief public promenades are the Alameda, planted with
stately beeches ; the Vega, skhted by the Ve^a Canal, and adorned
with the colossal bust of Guatemozin, the last of the Aztec em-
perors ; the Paseo de la Eiforma, a fine avenue 3 miles long running
south to the famous castle of Chapultepec, a place intimately asso-
ciated with the names both of Montezuma and Maximilian. The
present castle, erected in 1785 by the viceroy Galvez on the site of
Montezuma's palace, commands a superb view of the city and sur-
rounding district, and is approached by avenues of gigantic
cypresses (Cupressus disticha) dating from Aztec times, growing to a

height of 120 feet, and measuring from 30 to 40 feet round the stem
Other good roads with horse or steam tram's lead to Tacubaya and
the " Noche Triste " tree, where Cortes is traditionally supposed to

have rested after the disastrous retreat from Mexico on the night of

June 30, 1520, to the pleasant summer suburb of Tacubaya, and to

the renowned shrine of Our Lady of Guadalupe, 3 miles to the east on
the border of Lake Tezcuco. Here stands the most famous church
in Mexico, erected to commemorate the legendary apjiaritious of the

Madonna to the Indian Juan Diego in December 1531, and still

visited by thousands of pilgrims or sightseers.

Mexico dates either from the year 1325 or 1327, when tho Aztecs

after long wanderings over the plateau were directed by the oracle

to settle at this spot. For here had been witnessed the auspiciouj

omen of an eagle perched on a nopal (cactus) and devouring a snake.

Hence the original name of the city, Tenochtitlan (nopal on a

stone), changed afterwards to Mexico in honour of the war god

Mexitli. With the progress of Aztec culture the pUce rapidly im-

proved, and about 1450 the old mud and rush houses were reiiluccd

Ijy solid stone structures erected partly on piles amid tho islets ol

Lake Tezcuco, and grouped round the central enclosure of tho greal

teocalli. The city had reachel its highest splendour on tho arrival

of the Spaniards in 1519, when it comprised from 50,000 to 60,000

houses, with perhaps 600,000 inhabitants, and seemed to C'ortei

"like a thing of fairy creation rathi"' than the work of mortal

hands" (Prescott). It was at that timo about 12 miles in circum.
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fereaoe, every where intersected by caiiais, nna connecteauicu tnc

mainland by six Ion;; and solidly constructi'd causeways, as is clearly

shown by tlio plan given in the edition of Cortcs's letters published

at Nuremberg in 1624 (reproduced in vol. iv. of H. H. Bancroft's

History of the Pacific Slates, San Francisco, 1833, p. 280). After

its ainiost totil destruction in November 1521, Cortes employed
some 400,000 natives in rebuilding it on tha same site ; but since

then the lake seems to have considerably subsided, for although
still 60 square miles in extent it is very shallow »nd has retired 2J I

miles from the city. During the Spanish rule the chief fv«tt \v»i'

the revolt of 1692, when the municipal buildings were destroyed.

Since then llexico has been the scene of many revolutions, and

after the battle of Chapultepec (September 13, 1847) the city was

held by the United States troops till the treaty of Guadalupe,

May 1848. But since the disorders ending with the death of

Ma.ximilian it has turned to peaceful ways, and has become a great

centre of civilizing influences for the surrounding semi-barbarous

peoples. f^H. K.)

MEYERBEER, Gi.^como (1791-1863), first known in

Germany as Jakob Mey«r Beer, was born at Berlin on

September 5, 1791,* of a wealthy and talented Jewish

family. His father, Herz Beer, was a banker ; his mother,

Araalie {nee Wulf), was a woman of high intellectual

culture ; and two of his brothers distinguished themselves

in astronomy and literature. He studied the pianoforte,

first under Lauska, and afterwards under Lauska's master,

Clementi. Wien seven years old he played Mozart'.'< Con-

certo in D Minor in public, and at nine he was pronounced

the best pianist in Berlin. For composition he was placed

under Zelter, whose lessons were soon exchanged for those

of Bernard Weber, then director of the Berlin opera, by
whom he was introduced to the Abb^ Vogler. Struck by
his brilliant talent, Vogler invited him to Darmstadt, and
in 1810 received him into his house, where he formed an
intimate friendship with Karl Maria von Weber, who,

though his senior by eight years, shared the daily lessons

he received from the abb6 in counterpoint, fugue, and
extempore organ-playing. At the end of two years the

grand^luke appointed Meyerbeer composer to the court.

His early works, however, were far from successful,—his

first opera, Jephlha's Gdiihde, .failing lamentably at

Darmstadt in 1811, and his second, Wirih und Gast

(Alimelek), at Vienna in 1814. These checks discouraged

him 60 cruelly that he feared he had mistaken his vocation.

Nevertheless, by advice of Salieri, he determined to study
vocalization in Italy, and theji to form a new style. But
at Venice he was so captivated by the style of Rossini that,

^renouncing all thought of originality, he produced a suc-

cession of seven Italian operas

—

Romilda e Costansa,

Semiramide riconosciuta, Edouardo e Cristina, Emma di

Roshurgo, Margherila d'AtiJou, L'EsuJe di Granaia, and II

Crociato in Egiito—which all achieved a success as brilliant

as it was unexpected. Against this act of treason to Ger-

man art Weber protested most earnestly ; and before long

Meyerbeer himself grew tired of his defection, though the

success of 11 Crociato was so great that he was crowned
upon the stage. An invitation to Paris in 182G led him
to review his position fairly and dispassionately, and he
could not conceal from himself the fact that he was wast-
ing in imitation powers which, rightly used, might make
his name immortal. For several years after this he pro-
duced nothing in public ; but, in concert with Scribe, he
planned the work which first made known the reality of his
transcendent genius—his first French opera, Robert le

Diable. This gorgeous drama was produced at the Grand
Opdra in 1831, and received with acclamation. It was the
first of its race, a grand romantic opera, abounding with
scenes of startling interest, with situations more powerfully
dramatic than any that had been attempted either
by Cherubini or Rossini, with mysterious horrors and
chivalric pomp, and with ballet music such as had never
yet been heard, even in Paris.' Its popularity exceeded all

previous expectation
; yet for five years after this signal

triumph Meyerbeer &,ppeared before the public no more.
We cannot doubt that his motive for this retirement was
the determination to produce something greater still ; and

• Or, according to some accounts, 1794.

in some respects his next opera, Les Huguenots, really was

greater, though it fell short of the deep romance which ren-

dered Robert le Diable so incomparably captivating.

The first performance of Les Huguenots took pla-ce iu

1836. In goigeous colouring, in depth of passion, in con-

sistency of dramatic treatment, and in careful delineation

of individual character, it is at least the equal of Robert le

Diable. In two points only did its interest fall short of

that inspired by the earlier work. Meyerbeer had shown

himself so great a master in his treatment of the super-

natural that one regretted ( he unavoidable omission of

that powerful element in his second grand opera ; and,'

more important still, the fifth act of Les Huguenots was so

arranged by the librettist as to render effective musical

treatment impossible. The substitution of a noisy fusillade

for a legitimate dramatic situation was; fatal to the antici-

pated chmax. The music which accompanies this division

of the work is necessarily inferior to all that precedes it.

The true interest of the drama culminates at the close of

the fourth act, when Raoul, leaping from the window,
leaves Valentine fainting upon the ground. The spectator

-needs not to be told that the former will be shot down the

moment he arrives in the street, or that the latter will

mourn for him to the end of her days. Neither musically

nor dramatically does anything more remain to be said
;

and therefore it is that those who quit the theatre when
the curtain falls for the fourth time carry away with them
a far more perfect ideal than those who remain to the' end.

After the production of Les Huguenots Meyerbeer again

retired from public view, and spent many years in the pre-

paration of two of his greatest wc.^s—the greatest of all

erxept the two we have already mentioned—iM/ncatns
and Le Prophete. The libretti of both these operas were
furnished by Scribe; and both were subjected to countless

changes of detail before they satisfied the composer's
fastidious taste; in fact, the story of L'A/ricaine vias

more tlian once entirely rewritten.-

Meanwhile Meyerbeer accepted " the appointment of
kapellmeister to the king of Prussia, and spent some
years at Berlin, where he produced Ein Feldlager in
Schlesien, a German opera, in which the matchless
cantatrice Jenny Lind made her first appearance in

.Prussia, with unprecedented success. Here also he com-
posed, in 1846, the overture to his brother Michael's drama,
Struensee. But his chief care at this period was bestowed
upon the worthy presentation of the works of others. He
began by producing his dead friend Weber's Euryanthe,
with scrupulous attention to the composer's original idea.

With equal .unselfishness he procured the acceptance of,
Rienzi and Dcr Flicgende Hollander, the first two opera.?

'

of Richard Wagner, who, then languishing in poverty and '.

exile, would, but for him, have found it impo.ssible to
obtain a hearing in Berlin. With Jenny Lind as prima
donna and Meyerbeer as conductor, the opera flourished
brillianlly in the Prussian capital; but the anxieties of
this thankless period materially shortened the composer's
life.

Meyerbeer produced Le Prophete at Paris in' 1 849;
and, if it did not at first create so great a sensation as Les
Huguenots, this was simply because it needed to be better
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known. In 1854 he brought out L'£loile du Nord at the

Op^ra Comique, and in 1859 Le Pardon de Ploermd
{DinoraJi). His last great work, L'Africaine, was in active

preparation at the Acad^mie when, on the 23d of April

1863, he was seized with a sudden illness, of which he

died on the 2d of May. L'Afrwaine was produced with

pious attention to the composer's minutest wishes, on

AprU 28, 1865, and fully justified the expectation which

had been raised by his long and painstaking consideration

of its details. Upon this, in conjunction with Robert le

Diable, Les HicguenoU, and Le Prophete, his fame now
almost entirely rests.

Meyerbeer's genius has been criticized with widely different re-

sults. Meudelssohn thought his style exaggerated ; Fetis thought

him one o£ the most original geniuses of the age ; Wagner calls

him "a miserable music-maker," and "a Jewish banker to whom
it occurred to compose operas." But the reality of his talent

has been recognized throughout all Europe ; and, in spite of the

acknowledged crudity of his system of phrasing, and ib". inequality

of merit too plainly observable even inhis greatest works, his name
will live so long aa intensity of passion and power of dramatic

treatment are regarded as indispensable characteristics of dramatic

music. (W. S. R.)

M^ZlilRES, a fortress of the fii-st class, and the capital

of the department of Ardennes, France, is 161 miles to the

north-east of Paris by railway, on a peninsula of the

Meuse, which almost entirely surrounds the town, and
separates it from its more important suburb, Charleville.

The fortifications, which, as well as the citadel, are the

work of Vauban, are pierced by four gates, giving aecess

to the town, the streets of which are narrow and winding.

The parish church, erected in the 16th eentury, contain's two

inscriptions in commemoration respectively of the raising

of the siege of M^ziires in 1521 and the marriage of

Charles IX. with the daughter of the emperor Maximilian

n., which was celebrated at M^ziferes in ld70. The north

and south portals, the glass of the windows, and the lofty

vaultings of the church are worthy of remark. The h6tel

de vLile contains several interesting pictures relating to the

history of the town. The iron industry, the only one of

any im'portance, is being gradually transferred to Charle-

viUe. The population in 1881 was 6120.
Founded in the 9th century, MeziJres was at first only a strong-

hold belonging to the bishops of Rheims, which afterwards became
the property of the counts of Rethel. The town was increased by
successive immigrations of the people of Liege, flying first from the

emperor Otho, and afterwards from Charles the Bold ; and also by
concessions from the counts of Rethel. Its walls were built in the

13th century, and in 1521 it was successfully defended by Bayard
against the imperialists. The anniversary of the deliverance nf the

town is still observed yearly on the 27th of September. The school

of military engineering, since transfeiTed successively to Metz and
Fontainebleau, was originally founded at Jlizieres.

MEZO-TCR,^ a corporate town in the Cis-Tisian county

of Jdsz-Nagy-Kun-Szolnok, Hungary, situated on the right

bank of the Beretty6, and on the railway from Arad to

Szohiok, in 47° 1' N. lat., 20° 39' E. long. It has Roman
Catholic and Calvinist churches and schools, a judicial

court for the circuit, and the usual Government offices, but
can boast of few buUdings of special interest. Horses,

oxen, and sheep are reared in great numbers on the wide-

spreading communal lands, which are productive also of

cereals, and especially wheat, rape-seed, and maize. On
the 31st December 1880 the population amounted to

20,649 (10,265 males, 10.384 females), mostly Magyars
by nationality.

MEZZOFANTI, Giuseppi! (1774-1849), cardinal, whose
colloquial linguistic acquirements have become proverbial,

was born, September 17, 1774, at Bologna, where his

father followed the occupation of a carpenter. Educated
first at one of the "scuole pie," and afterwards at the

* Mezo is a Magyar word, signifying Field, prefixed to many agri-

cultural localities in Hungary.

episcopal seminary of his native city, he was ordained to

the priesthood in 1797, and in the same year became pro-

fessor of Arabic in the university, but shortly afterwards

was deprived on account of his refusal to take the oath of

allegiance ta the Government of the Cisalpine Republic.

In 1803, however, he was appointed assistant librarian of

the institute of Bologna, and soon afterwards was reinstated

as professor of Oriental languages and of Greek. The
chair was suppressed by the viceroy in 1808, but again

rehabilitated on the restoration of Pius VII. in 1814, and
continued to be held by Mezzofanti until his removal from

Bologna to Rome in 1831, when he received certain ecclesi-

astical appointments and the rank of monsignore. Mean-
while his progress in the acquirement of languages had
been rapid and untiring, and in 1833 he was appointed to

succeed Mai as chief keeper of the Vatican Library. His
promotion to the cardinalate, and the duties of director of

studies in the Congregation of the Propaganda, followed in

1838. He died at Rome, during the absence of tha

pontifical court at Gaeta, on March 15, 1849.
Mezzofanti's peculiar talent, comparable in many respects to that

of the numerous ''calculating boys" who have been the wonder of

their contemporaries, was not combined with any exceptional

measure of intellectual power, and accordingly produced nothing
that has not perished with him. It seems to be well established,

however, that he spoke with considerable fluency, and in some cases

even with attention to dialectic peculiarities, some fifty or sixty

languages of the most widely separated families, besides having a

less perfect acquaintance with many others. See llanavit, Esquissi

histoTique sur U Cardinal Jlasofanti, Paris, 1854 ' and Russell,

Life of the Cardinal ilezzofanil, London, 1857.

MEZZOTINT. See Engeavdjg.
MIAUTSE. The Miautse or Meaou-tsze of southern

China are one of the aboriginal tribes of the country.

xU one time they occupied a considerable portion of tha

rich and fertile lands which now form the central province

of the empire, but as the Chinese advanced southwards

they were driven, like the Ainos in Japan and the Welsh
in Britain, into the more inaccessible districts until they

were compelled to seek refuge from the invaders in the

mountain ranges, in the provinces of Yunnan, Kwei-chow,

Kwang-se, and Kwang-tung, where they are found at the

present day. This line of mountains extends for about

400 miles, and, being in many parts high, steep, and rugged,

it forms a convenient shelter for them. As early as the

reign of king Seuen (about 800 B.C.) we read of an expedi-

tion having been sent to drive them out of Hoo-nan, and
since that time they have been pferiodieally attacked either

to punish them for misdeeds or to make them yield up
vineyards coveted by Chinese Ahabs. The last important

campaign against them was undertaken by the emperor

K'een-lung, who, having completely subjugated the Eleuths,

was desirous of bringing under his yoke these mountain

tribesmen. But the same success which had attended his

arms in the north did not follow them to the south. The
first expedition was utterly defeated, and the general in

command paid the penalty of discomfiture with his head.

The leader of a second expedition, having learned wisdom
by the fate of his predecessor, purchased the submission of

the Miautse by a large bribe. As soon as the unsuspecting

savages had been thus lulled into security a third army
was set in motion against them. This time, being unpre-

pared, they suffered a crushing defeat, and were compelled

to purchase peace by swearing allegiance to their conquerors.

But, though the Chinese thus gained sovereignty over them,

they have since deemed it wise to content themselves with

but the shadow of authority. No real jurisdiction is ever

exercised over tbeso hardy mountaineers. They are allowed

to govern themselves on their ovrn patriarchal system. The

old men of each tribe manage the affairs of their juniors,

and command an obedience which would be utterly refused

to the mandate of any mandarin. In figure the Miautse,



224 M I C — M I C

both men and women, are shorter and darker-complexioned

than the Chinese, their faces also are rounder and their

features sharper. In disposition, too, they are very unlike

their civilized neighbours. They are brave, passionate,

suspicious, revengeful, and indifferent to cold and hunger

;

they are free and easy in their manners, and are as noisily

joyous as the Chinese are grave and sedate.

They aro tliviJed into bct\vcen forty and fifty clans, each of whicK

is distinguished by a name which is generally derived either from

some physical characteristic, or from some custom, or from the

habitat of the clan, as, for example, " Tho Black Miau," "the
uarrow-hcaded Miau," so named from their manner of dressing

their hair, "the six-valley Mian," &c. Among these clans there

exist wide differences of culture, some being in no way removed

from savages, while others who have been brought under the influence

of Chinese civilization show themselves apt and ready learners.

Very few of them, so far as is known, possess anv written records.

The Yaoujin, or Goblin clan, are said to have books, which, though

they aro now unable to read, they still regard with reverent awe.
" The barbarous characters " used in these books are, according to a

Chinese writer, "like knotted worms, and are utterly unintelligible."

The Ko-los also arc said to be a lettered clan, but lor the most part

tlie Miautse content themselves with convej-ing information and
preserving records by means of notched sticks. Their language as

well as their ethnic characteristics prove them to be closely related to

the Siamese, Anaraeso, Cambodians, and the inhabitants of Hainan

;

in fact they form part of the race wiiich is spread over the whole of

eoutheastem IndoChina. Their social customs are as widely

different as their appearance is from those of tho Chinese. The
widest latitude is given to tho youth of both sexes in the choice of

their husbands and wives. As among the hill tribes of Chittagong,
the selection is commonly made on the mountain side, where on moon-
light nights in the "leaping month" the young men and maidens
meet to sing or to play at ball, or to dance round the '

' devil's staff
"

{Anglicf, Maypole), andtochoosetheirpartnersforlife. Amongsorae
clans the "couvade" is an established custom. Their funeral rites

vary according to the districts, those living within reach of the influ-

ence of the Chinese having adopted their customs, while those more
remote still hang their dead in baskets from trees, or lay them in the
ground and disinter them yearly to wash their bones. In dress they
are fond of bright colours, and commonly wear loose but short
jackets, sometimes with and sometimes without trousers. The men
wear turbans wound round their hair, which is raised above the
head in the shape of a spiral shell, and the women either don a
kind of cap, or dress their hair in the shape of a ram's horn. For
many years the relations of the Miautse with the Chinese Govern-
ment have been generally of a peaceable nature, and in the Peking
Gazette of April 1881 there was published a new system of
government by which it is hoped that the incorporation of the
mountaineers into tho empire may become more real and complete.
See S*f(fA**o//^?Jl/iau-/jif. translated by E.C. Bridgmnn ; J. Edklns, Theifiau-

tti Tribes, their Hislorj/; and "QuAint customs In Kwel-chow," Cornhilt Magazine,
January 1872.

MICAH ('"'P'P) is the short form of a name which in

various modifications

—

Mlcdidhil, Mlcdiehu, Micdiah—is

common in the Old Testament, expressing as it does a

fundamental point of Hebrew faith : AVTio is like Jehovah ?

The name was borne among others by the Danite whose
history is given in Judg. xvii. sq,, by the prophet who
opposed Ahab's expedition to Eamoth-Gilead (1 Kings
xxii.), and by tho subject of the present article, the con-
temporary and fellow-worker of Isaiah, whose name is

prefixed to the sixth in order of the books of the minor,
prophets.'

It is at once apparent that the book of Micah divides
itself into at least two distinct discourses, chap. vi. 1

forming a new commencement ; and from what wo know
in general .of the compilation of the prophetic collection we
cafinot at once determine whether the second discourse,
which has no title, is to be ascribed to the author of the
immediately preceding prophecy, or is to be regarded as an
independent and anonymous piece. To decide this question,
if it can be decided, we must begin by a .separate study of
the earlier chapters to which the title in Micah i. 1 directly

belongs. These again fall into two parts. Chaps, i.-iii.

(with the exception of two ver.ses, ii. 12, 13) are a predic-

' A confusion between tho two prophets of the name has led to the
Insertion in tho Massoretic text of 1 Kings xxii. 28 of a citation from
Micah i. 2, rightly absent from the LXX.

tion of judgment on the sins of Judah and Ephraim. Ib

a majestic exordium Jehovah Himself is represented as

coming forth in the thunderstorm (comp. Amos i. 2) from

His heavenly palace, and descending on the mountains of

Palestine, at once as witness against His people, and the

executer of judgment on their sins. Samaria is sentenced

to destruction for idolatry ; and tho blow extends to Judah

also, which participates in the same guilt (chap. i.). But,

while Samaria is summarily dismissed, the sin of Judah is

analysed at length in chaps, ii. and iii., in which the prophet

no longer deals with idolatry, but with the corruption of

society, and particularly , of its leaders—the grasping

aristocracy whose whole ' energies are concentrated on

devouring the poor and depriving them of their little

holdings, the unjust judges and priests who for gain

wrest the law in favour of the rich, the hireling and
gluttonous prophets who make war against every one
" that putteth not into their mouth," but are ever ready

with assurances of Jehovah's favour to their patrons, the

wealthy and noble sinners that fatten on the flesh of the

poor. The prophet speaks with the strongest personal

sympathy of the sufferings of the peasantry at the hands
of their lords, and contemplates with stern satisfaction the

approach of the destroyer who shall carry into exile " the

luxurious sons " of this race of petty tyrants (i. 1 6), and
leave them none to stretch the measuring line on a field in

the congregation of Jehovah (ii. 5). The centre of corrup-

tion is the capital, the city of Zion, grown great on the

blood and wrongs of the provincials, the seat of the cruel

princes, the corrupt judges and diviners. For their sake,

he concludes, Zion shall be plowed as a field, Jerusalem
shall he in ruins, and the temple hill return to iungle

(iii. 12).

The situation thus sketched receives its elucidation from
the data supplied by the title (i. 1) and confirmed and
rendered more precise by a remarkable passage in Jeremiah.
According to the title iticah flourished in the reigns of

Jotham, Ahaz, and Hezekiah ; according to Jeremiah
(xsvi. 18 sq.) the prophecy of the destruction of Jerusalem
just cited was spoken under Hezekiah, and bore fruit in

the repentance of king and people, by which the judgment
was averted. The allusion beyond doubt is to Hezekiah 's

work of religious reformation (2 Kings xviii. 4 sq,). It is

hardly possible to separate this reformation from the influ-

ence of Isaiah, which did not become practical in the
conduct of the state till the crisis of Sennacherib's invasion;
and the conclusion that Hezekiah was not from the first a
reforming king, which is forced on us by many passages of

Isaiah, is confirmed by the prophecy of Jlicah, which, after
Hezekiah's accession, still represents wickedness as seated
in the high places of the kingdom. The internal disorders
of the realm depicted by Micah are also prominent in
Isaiah's prophecies ; they were closely connected, not only
with the foreign complications due to the approach of the
Assyrians, but with the break-up of the old agrarian
system within Israel, and with the rapid and uncompen-
sated aggrandisement of the nobles during those pro-
sperous years when the conquest of Edom by Amaziah
and the occupation of the port of Elath by his son
(2 Kings xiv. 7, 22) placed the lucrative trade between
tho Mediterranean and the Red Sea in the hands of
tho rulers of Judah. On the other hand the democratic
tone which distinguishes Micah from Isaiah, and his
announcement of the impending fall of the capital (the
deliverance of which from the Assyrian appears to Isaiah
as the necessary condition for the preservation of the seed of
a new and better kingdom), are explained by the fact that,
while Isaiah lived in the centre of affairs, Micah was a
Morasthite or inhabiUnt of Moresheth Gath, a place near
the Philistine frontier so uniiaportant as to be mentioned
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oiily in Micah i.
14.i The provincial prophet sees the

capital and the aristocracy entirely from the side of a man
of the oppressed people, and foretells the utter ruin of both.

But this ruin does not present itself to him as involving

the captivity or ruin of the nation as a whole ; the

congregation of Jehovah remains in Judsea when the

oppressors are cast out (ii. 5) ; Jehovah's words are still

good to them that walk uprightly ; the glory of Israel is

driven to tak» refuge in Adullam, as in the days when
David's band of broken men was the true hope of the

nation, but there is no hint that it is banished from the

land. Thus upon the prophecy of judgment we naturally

expect to follow a prophecy of the redintegration of

Jehovah's kingship in a better Israel, and this we find in

ii. 12, 13 and in chaps, iv., v. Both passages, however,

present difficulties. The former seems to break the pointed

contrast between ii. 11 and iii. 1, and is therefore regarded

by Ewald as An example of the false prophecies on which

the wicked rulers trusted. The thought, however, is one

proper to all true prophecy (comp. Hos. i. 1 1 [ii. 2], Isa.

sd. 11 sq., Zeph. iii. 14, Jer. xxxi. 8), and precisely in

accordance with chaps, iv., v., even in the details of expres-

sion and imagery.^ It is indeed possible that these verses

are a separate oracle of Micah, which did not originally

stand in its present connexion. The sequence of thought

in chaps iv., v., on the other hand, is really difficult, and
has given rise to much complicated discussion.^ There is'a

growing feeling among scholars that iv. 11-13 stands in

direct contradiction to iv. 9, 10, and indeed to iii. 12.

The last two passages agree in speaking of the capture of

Jerusalem, the first declares Zion inviolable, and its capture

an impossible profanation. Such a thought can hardly be

Micah's, even if we resort to the violent harmonistic process

of imagining that two quite distinct sieges, separated by a

renewal of the theocracy, are spoken of in consecutive

verses. An interpolation, however, in the spirit of such

passages as Ezek. xxxviii., sxxix., Joel iii. [iv.], Zech. xiv.,

is very conceivable in post-exilic " times, and in connexion

with the growing impulse to seek a literal harmony of all

prophecy on lines very difEerent from the pre-exilic view

in Jer. xxvi:, that predictions of evil may be averted by
repentance. Another difficulty lies in the words "and
thou shalt come even to Babylon " in iv. 10. Micah
unquestionably looked for the destruction of Jerusalem as

• That Micah lived in the Shephela or Jndxan lowland near the

Philistine country is clear from the local colouring of i. 10 sq., where

a number of places in this quarter are mentioned together, and their

names played upon in a way that could hardly have suggested itself

to any but a man of the district. The paronomasia makes the verses

difficult, and in i, 14 none of the ancient versions recognizes More-
sheth Gath as a proper name. The word Jlorasthite (M6mshti) was
therefore obscure to them ; but this only gives greater weight to tlie

traditional pronunciation with 6 in the first syllable, which is as old

as the LXX., and goes against the view, taken by the Targum both on
Micah and on Jeremiah, and followed by some moderns (including

Roorda), that Micah came from Mareshah. When Eusebius places

Kupaadfi near Eleutheropolis it is not likely that ho is thinking of

Mareshah (Maresa), for he speaks of the former as a village and of the

latter as a ruin 2 miles from Eleutheropolis. Jerome too in the

Epil. Paulx {Ep. cviii.), speaking as an eye-witness, distinguishes

Morasthim, with the church of Micah's sepulchre, from Maresa. This

indeed was after the pretended miraculous discovery of the relics of

Micah in 385 A.D. ; but the^ name of the village which then existed

[Prsef. in Mich.) can hardly have been part of a pious fraud.
' The figure of the shepherd gathering a scattered flock certainly

does not presuppose a total captivity, as Stade [Z. f. AT. W., 1. 161
Mq.) argues.

'See, besides the commentaries, Ndldeke in the Bibel-hx., iv. 214; a

paper by Oort and two by Kuenen in Theol. Tijdxh., 1872; Well-
hansen-Bleek, Einleitmig, p. 426; Stade, I.e., and ibid., iii. 1 sq.

Stade goes so far as to make the whole of Micah iv., v. presuppose the

exile, and to find still later additions in iv. 5-10., v. 5, 6 [v. 4, 5].

Giesebrecht, Thcol. LZ., 1881, col. iiZ sq., rejects chap. iv. only.

The arguments cannot be here cited at length, but they are tacitly

kept in view in what follows.

well as of Samaria in the near future and by the Assyrians
(i. 9), and this was the judgment which Hezekiah's repent-
ance averted. If these words, therefore, belong to the
original context, they mark it as not from Micah's hand

;

but it is easy to see that they are really a later gloss. The
prophetic thought is that the daughter (population) of Zion
shall not be saved by her present rulers or defensive

strength ; she must come down from her bulwarks and
dwell in the open field ; there, and not within her proud
ramparts, Jehovah will grant deliverance from her enemies.

This thought is in precise harmony with chaps, i.-iii., and
equally characteristic is what follows in chap. v. Micah's
opposition to present tjTanny expresses itself in recurrence

to the old popular ideal of the first simple Da%'idic kingdom
(iv. 8) to which he had already alluded in i. 15. These
old days shall return once more. Again guerilla bands

(inrna) gather to meet the foe as they did in the time
of Philistine oppression. A new David, like him whose
exploits in the district of Micah's home were still in the
mouths of the common people, goes forth from Bethlehem
to feed the flock in the strength of Jehovah. The kindred
Hebrew nations are onc^e more united to their brethren of

Israel (comp. Amos ix. 12, Isa. xvi. 1 sq.). The remnant
of Jacob springs up in fresh vigour, inspiring terror among
the surrounding peoples, and there is no lack of chosen
captains to lead them to victory against the Assyrian foe.

In the rejuvenescence of the nation the old stays of that

oppressive kingship which began with Solomon, the strong-

holds, the fortified cities, the chariots and horses so foreign

to the life of ancient Israel, are no more known ; they

disappear together with the divinations, the soothsayers,

the idols, the ma^^ehas and asheras of the high places

Jehovah is king on Mount Zion, and no inventions of man
come between Him and His people.

The elements of this picture, drawn so largely from the

most cherished memories of the Judseans, could not fail to

produce a wide impression, especially when the invasion of

Sennacherib, although it spared Jerusalem, fulfilled in the

most striking way a great part of Micah's predictions of

judgment.- Of this we have evidence, not only in Jer. xxvi.,

but in the political and religious ideas of • the book of

Deuteronomy. The picture of the right king (Deut. xvii.

14 sq.) and the condemnation of the high-places alikp

follow the doctrine of Micah.

A'difiBculty still remains in the opening verses of chap. ir.

Micah iv. 1-3 and Isa. ii. 2-4 are but slightly modified recensions

of the same text, and as Isa. ii. is older than the prophecy of Micah,
while on the other hand Micah iv. 4 seems the natural completion

of the passage, it is common to suppose that both copy an older

prophet. But the words have little connexion with the context in

Isaiah, and may be the quotation of a copyist suggested by ver. 5.

On the other hand it has been urged tliat the passage belongs to •

later stage of prophetic thought than the 8th century B.C. There
is, however, no real difficulty iu the idea that foreign nations shall

seek law and arbitrament at the throne of the kins of Zion (comp.

the old prophecy Isa. xvi.); and the mention of the temple as the

seat of Jehovali's sovereignty may be illustrated by Isa. vi., where the

heavenly palace (Micah i. 3) is at least pictured in the likeness of the

temple on Zion. At the same time the Jerusalem'of Micah iv. 8

is the Jerusalem of David not of Solomon, the ideas of iv. 1-4 do

not reappear in chap, v., and the whole prophecy would perhaps be

more consecutive and homogeneous if iv. 6 (where the dispersed and

the sufTeiing are, according to chap, ii., the victims of domestic not

of foreign oppression) followed directly on iii. 12.

The sixth chapter of Micah presents a very different situation

from chaps, i.-v. Jehovah appears to plead with his people for their

sins, but the sinners are no longer a careless and oppressive aristo-

cracy buoyed up by deceptive assuran ;es of Jehovah's help, by pro-

phecies of wine and strong drink ; they are bowed down by a

religion of terror, weai ied with attempts to propitiate an angiy God
by countless offerings, and even by the sacrifice of the first-born.

Meantime the substance of true religion—justice, charity, and a

humble walk with God—is forgotten, fraud and deceit reign in all

classes, the works of the house of Ahab are observed (worship of

foreign gods). Jehovah's judgments are multiplied ag.iinst the

laud, and the issue can be nothing else than its total desolation. AH
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these marks fit exactly the evil times of Jlanasseli as described in

2 Kings xxi. Chap. vii. 1-6, lu which the public and private cor-

ruption of a hopeless age is bitterly bewailed, obviously belongs to

the same context (comp. vol. liii. p. 415). Micah may very well

have lived into Manaiseb's reign, but the title in i. 1 does not cover

a prophecy which certainly falls after Hezekiah's death, and the

style nas nothing in common with the earlier part of the book. It

is therefore prudent to regard the prophecy, with EwtUJ, ns anony-

mous. Ewald ascribes the whole of cn.ips. vi., vii. to one author.

Wellhausen, however, remarks with justice that the thread is

abruptly broken at vii. 6, and that verses 7-20 represent Zion as

already falfcu before the heathen and her inhabitants as pining in

the darkness, of captivity. The hope of Zion is in-future restora-

tion after she has patiently borne the chastisement of her sins.

Then Jehovah shall arise mindful of His oath to the fathers, Israel

shall be forgiven and restored, and the heathen humbled. The faith

and hope which breathe in this passage have the closest affinities

with the book of Lamentations and Isa. il.-lxvi.

We have wen that the text of Mtcati.haa sufTercd from redactors ; It Is also not

free from verbal corruptions which make SDmo places very obscure. The LX.X.

bad many readings dlffei'ent from the present Hebrew, but Ibelr text too was far

from sound. Of commentailes on Micah, that which deals most fully with the

4)uestlon of tho text Is Roorda's Latin work, Leyden, 1869. The most elaborate

book on Micah Is Casparl's {UtUr Mifha den itoratthiten und seine propfteliiche

Seliri/I, Chrlsilanla, 1851-52). In EngUsh Pocock's Comminlary (2d cd., 1C92)

nd Che)Tio's Uicah (1882) are to be noted. See also the literature on the minor
prophets In general cited under Hosea, and W. R. Smith's Propheti of Jsrael

(1882). (W. R. S.)

MICHAEL (^3*0, " who is like God 1 ") appears in the

Old Testameat as a man's name, synonymous with Micaiah

or Micah. In the book of Daniel the same name is given

to one of tho chief " princes " of the heavenly host, the

guardian angel or "prince" of Israel (Dan. x. 13, 21 ; xii.

1), and as such he naturally appears in Jewish theosophy

as the greatest of all angels, the first of the four who
surround the throne of God (see Gabriel). It is as

guardian angel of Israel, or of the church, the true Israel,

that Michael appears in Jude 9 and Rev. xii. 7. In the

Western Church the festival of St Michael and All Angels
(Michaelmas) is celebrated on September 29th; it appears

to have grown out of a local celebration of the dedication

of a church of St Michael either at Itlount Garganus in

Apulia or at Rome, and was a great day by the beginning
of the 9th century. The Greek Church dedicates

November 8 to St Michael, St Gabriel, and All Angels.

MICHAEL, the name of several Byzantine emperors.

Michael I. (Rhangabe) was an obscure nobleman
who had married Procopia, the daughter of Nicephorus I.,

and been made master of the palace ; his elevation to the
throne was due to a revolutionary movement against his

brother-in-law Stauracius, who reigned only two months
after the. death of Nicephorus on the battlefield (812).
Elected as the tool of the bigoted orthodox party in the
church, Michael diligently persecuted the Iconoclasts on
the northern and eastern frontiers of the empire, but
meanwhile allowed the Bulgarians to ravage a great part
6f Macedonia and Thrace ; having at last taken the field

in the spring of 813, LoAvas defeated near Bersinikia, and
Leo the Armenian was saluted emperor in his stead in the
follo^ving summer. Michael, after having been compelled
to become a monk, was permitted thenceforward to live

unmolested in the island of Protc, where he died in 845.
JIiCHAEL IL (The Stammerer), a native of Amoriura

inPhrygia, was of humble origin, and began life as a
private soldier, but rose by his talents and assiduity to the
rank of general. He was one of those who had favoured
the election to the throne of his old companion in arms
Leo the Armenian in 813, but, detected iii a conspiracy
against the government of that emperor, had been sentenced
to death in December 820 ; his partisans, however, suc-
ceeded in assassinating Leo on the morning of Christmas
Day, and called Michael from the prison to the throne.
The principal features of his reign (820-829) were a pro-
tracted struggle (of nearly three years) against his brother
general, Thomas, who aimed at the throne, the conquest
of Crete by tho Saracens in 823, and the beginning of their

attacks upon Sicily (827). Conciliatory on the whole-

in his policy towards the image worshippers ^uis own
sympathies were iconoclastic), ho incurred the wrath of the

monks by entering into a second marriage with Euphrosyne,

daughter of Constantino \^., who had previously taken

the veil. Ho died in October 829, and was succeeded by
Theophilus his son.

Michael III. (The Drunkard) was the grandson of

Michael the Stammerer, and succeeded his father Theophilus

when only three j Lars of age (842). Until his majority

at the age of eighteen the affairs of the empire were

managed by the empress-regent his mother Theodora ; his

education was shamefully neglected, and it was during this

period that Michael formed the disgraceful personal habits

which are indicated by his surname. Tn 861 Michael,

together with his uncle Bardas, undertook an expedition

against the Bulgarians, which resulted in the conversion of

the Bulgarian king, who thenceforth bore the Cliristian

name of Michael. The emperor had been less successful

in the campaign which he led in person against Omar of

Melitene in 860, but in 863 his uncle Petronas gained an
important victory over the Saracens in Asia Minor. The
year 865 was marked by the first appearance of the Russians

in the Bosphorus. Michael was assassinated in his palace

in 867 by Basilius the Macedonian, whom he had associated

with himself in the empire in the previous year.

Michael IV. (The Paphlagonian) owed his eleva-

tion to Zoe, daughter of Constantino IX., the last of

the Macedonian dynasty ; this princess was married to

Romanus III., but becoming enamoured of Michael, her

chamberlain, she poisoned her husband and married her

attendant (1034). Michael, however, being of a weak
character and subject to epileptic fits, possessed the supreme
power only in name, and was a mere instrument in the

hands of his brother, John the Eunuch, who had been first

minister both of Constantino and Romanus. John's

diplomacy was successful in keeping the Arabs in the

archipelago and Egjrpt quiet for some time, and he was
at -last able to secure a victory for the imperial arms at

Edessa in 1037. The attempt to recover Sicily in the

following year with the help of the Normans was less pro-

sperous, and in 1040 the island wholly ceased to be a
Byzantine province. About the same time, the Bulgarians
having overrun Macedonia and Thrace, and threatening

Constantinople, the indolent and infirm emperor, to the

surprise alike of friends and foes, put himself at the head
of the army, and not only drove the enemy beyond the

frontier, but followed thera into their own territory. He
died, shortly after his triumph, on December 10, 1041.
Michael V., (Calaphates or The Caulker), nephew

and successor of the preceding, derived h's surname from
his father Stephen, who had originally followed the occu-

pation of a caulker of ships. He owed his elevation

(December 1041) to his uncle John, whom along ft-ith Zoe
he almost immediately banished ; this led to p popular
tumult and his dethronement after a brief reign of four
months (April 1042). He lived for many years afterwards
in the quiet obscurity of a monastery.
Michael VL (The Warlike) was already an old man

when chosen by the empress Theodora as her successor
shortly before her death in 1056. His government was
feeble in the extreme, and ho was at last compelled tc
abdicate by Isaac Comnenus, who had defeated his army in

Phrygia (August 1057). He also spent the rest of his life

in a monastery.

Michael VII. (Ducas or Parapinaces) was the eldest
son of Constantino XL Ducas, by whom along with his
brothers Andronicus L and Constantino XII. he was
invested with the title of Augustus; this joint succession
took place in 1067, but in 1071 it suited tho policy cf thb
uncle Joannes Cassar to make Michael sole empero-. For
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Ihis position Michael, wbose "cliaracter was degraded,
ratbeT- than ennobled, by the virtues of a monk and the

learning of a so])hist," was by no means fitted, and at

length two generals of the name of Nicephorus, surnamed
Bryennius and Botaniates, sinndtaneously rebelled against

him in 1078 ; with hardly a struggle he resigned the purple

and retired into a monastery, where he afterwards received,

'

the title of archbishop of Ephesus.

MicHAiL VIII. (Pal.-eologus), born in 1234, was the

son of Andronicus Palseologus Comnenus and Irer.e

Angela the granddaughter of Alexius Augelus, emperor
of Constantinople. At an early age he rose to distinc-

tion, and ultimately became commander of the French
mercenaries in the employment of the emperors of

Mi^aea,. A few days after the death of Theodore Lascaris

II. in 1259, Michael, by the assassination of Muzalon
(which he is believed but not proved to have encouraged),

succeeded to the guardianship, shared with the patriarch

Arsenius, of the young emperor John Lascaris, then a lad

of only eight years. Afterwards invested with the title of

"despot," he was finally proclaimed joint-emperor, and
crowned alone at Nicasa on January i, 1260. In the

following year (July 1261) Constatitinople fell into the

hands of the C^sar Alexius Strategopulus, and Michael,

having got himself crowned .anew in the church of St

Sophia, caused his boy colleague to be blinded and sent

into banishment. For this last act he was excommunicated
by Arsenius, and the' ban was not removed until six years

aftMwards (1268), on the accession of a new patriarch. ' In

1263 and 1264 respectively Michael, with the help of

Urban IV., concluded peace with Villehardouin, prince of

Achaia, and Michael, despot of Epirus, who had previously

been incited by the pope to attack him ; the friendly inter-

vention had been secured by a promise on the emperor's

part to help forward the reunion of the Eastern and
Western churches. In 1269 Charles of Sicily, aided by
John of Thessaly, again made war with the alleged purpose

of lestoring Baldwin to the throne of Constantinople, and
pressed Michael so hard that ultimately, yielding to the

importunities of Gregory X., he caused the deputies of the

Eastern church to attend the council of Lyons' (1 274) and
there accept the "filioque" and papal supremacy. The
union thus brought about between the two churches was,

however, extremely distasteful to the Greeks, and the

persecution of his "schismatic" subjects to which the

emperor was compelled to resort weakened his power so

much that Martin IV. was tempted to enter into alliance

with Charles of Anjou and the Venetians for the purpose

of reconquering Constantinople. The invasion, however,

failed, and Michael so far had his revenge in the " Sicilian

Vespers," which he helped to bring about. He died in

Thrace in December 1282, and was succeeded by his son

Andronicus II.

Micn.\EL IX. (Palaeologus) was the son of Andronicus

II., and was associated with him on the throne from 1295,

but predeceased him (1320).

MICHAELIS, JoHANN David (1717-1791), ono of

the most influential scholars and teachers of last century,

belonged to a family which had the chief part in main-

taining that solid discipline in Hebrew and the cognate

languages which distinguished the university of Halle in

the period of Pietism. Johaim Heinrich Michaelis (1668-
1738) was the chief director of Francke's Collegium.

Ori^niale Theologicum, a practical school of Biblical and
Oriental philology then quite unique, and the author of an

annotated Hebrew Bible and various exegetical works of

reputation, especiaUj the Adnoictiiones uheriores in Hagio-

grapkos, 1720. In his chief publications J. H. Michaelis

uad as fellow-worker his sister's son Christian Benedict

Michaelis ^1680-1764), the father of Johann David, who

was likewise influential as professor at Halle, and a very
sound scholar, especially in Syriac. J. D. Michaelis was
trained for academical life under his father's eye. Halle
was not then the best of universities ; a narrow theological

spirit cramped all intellectual activity, and the eager viva-

cious youth, already distinguished by a love for realities and
a distaste for small ])edantries, found much of the teaching
wearisome enough. He acquired, however, a good know-
ledge of the Latin classics,—Greek, he tells us, was hardly
taught at all, and his knowledge of Greek literature was
gained by hisjDwn reading in later years,—learned aU that

his father could teach, and was influenced, especially in

jihilosophy, by Baumgarten, the link between the old

Pietism and Semler, while he cultivated his strong taste for

history under Ludwig. In the winter-semester 1739-40
he qualified as university lecturer. One of his disserta-

tions was a defence of the antiquity and divine authority

of the vowel points in Hebrew. His scholarship stiu

moved in the old traditional lines in which no further pro-

gress was possible, and he was also much exercised by
religious scruples, the conflict of an independent mind with

that submission to authority at the expense of rea.^^on

encouraged by the type of Lutheranism in which he had
"been trained. A long visit to England in 1741-42 lifted

him out of the narrow groove of his earlier education. In

passing through Holland he made the acquaintance of the

great Schultens, whose influence on his philological views

was not immediate, but became all-powerful a few years

later. England offered to him no such commanding per-

sonal influence, and he T'as not yet able to turn to profit

the stores of the great libraries, but his personality was

strengthened by contact with a larger life, and his theo-

logical views were turned aside from the pietistic channeL

Michaelis never ceased to regard himself as essentially

orthodox, though he did not feel able fully to subscribe

the Lutheran articles, and more than once declined on this

account to be professor of theology. But his views

acquired a distinctly rationalistic complexion, and the

orthodoxy of his Gtittingen lectures and publications on

dogmatic (delivered from a philosophical chair) is of a very

washed-out kind. His really useful work, however, lay in

other directions ; the change of his theological views was

important because it relieved him from trammels that

hampered the free course of his development as a scholar.

From England Michaelis went back to Halle ; but he felt

himself out of place, and in 1745 gladly accepted an

invitation to Gottingen as privat-docent. In 1746 he

became extraordinary, in 1750 ordinary, professor, and Ln

Gottingen he remained till his death in 1791. In the first

years of his new position Michaelis passed through a second

education. In the young and intellectually vigorous

Georgia Augusta he came under the powerful personal

influence of such men as Gesner and Haller. His intellect

was active in many directions ; universal learning indeed

was perhaps one of his foibles. Literature—modern as

well as ancient—occupied his attention ; one of his works

was a translation pf four parts of Clarissa ; and transla-

tions of some of the then current English paraphrases on

Biblical books manifested his sympathy with a school

which, if nof very learned, attracted him by its freer air.

His Oriental studies were reshaped by diligent perusal of

the works of Schultens ; for the Halle school, with all its

learning, had no conception of the principles on which a

fruitful connexion between Biblical and Oriental learning

can be established. His linguistic work indeed was always

hampered by the lack of MS. material which is felt in his

philological writings, e.g., in his valuable Supplementa to

the Hebrew lexicons
(1784-92).i ge could not become

1 By a strange fortune of war it was the occupatioa of Gottingen by

the French in the Seven Years' War, and the friendly relations he
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such an Arabist us Reiske; and, though for many years the

most famous teacher of Semitic languages in Europe, he

had little of the higher philological faculty, and neither his

grammatical nor his critical work, highly praised as it then

was, has left a ixrrmancnt mark, \^^th the exception ptrhaps

of his text-critical studies ou the Peshito.' His tastes were

all for realia—history, antiquities, especially geography

and natural science ; in his autobiography he half regrets

that he did not choose the medical profession. Here he

found a field hardly touched since Bochart, in whose foot-

steps he followed in the Spicilegium geographix Hehricorum
txters post Bochartura (1769-80). To his impulse we owe
the famous Eastern expedition of Von Haven, Forsk&l, and
Niebuhr. He prepared the instructions for their journey,

and drew up a series of questions and elucidations to guide

their researches, which place in strong relief his compre-
hensive grasp of all that was then known of the East, and
the keen delight in the knowledge of tangible and natural

things, paired with a sober and patient judgment, which
was his chief intellectual characteristic. The best part of

this knowledge was turned to the profit of Biblical study

;

in his esegetical writings, for e.xample, one of the main
features is what was then the novelty of illustrations from
Eastern travel. In spite of his doctrinal writings—which
at the time made no little noise, so that his Compendium
of Dogmatic (1760) was confiscated in Sweden, and the
knighthood of the North Star was afterwards given him in

reparation—it was the natural side of the Bible that really

attracted him, and no man did more to introduce the
modern method of studying Hebrew antiquity as an
integral part of ancient Eastern life. The permanent
influence of his works indeed has not been great, and many
of them are now hardly readable ; for, with all his historic

tastes and learning, he had no large historic conceptions,

and, what is, closely akin to this defeci, was singUarly
deficient in imagination and poetic sympathy. But the
vivacity of his mind, his manysidedness, his singiilarly

attractive though discursive method of lecturing, and
above all his power of feeling and inspiring interest in

every kind of fact, was a potent stimulus much needed in

the Germany of that age, and did not soon die. Different
as the three men are, there is a true historic nexus between
the three great Gottingen Orientalists, Michaelis, Eichhorn,
and Ewald.

The personal characler of Michaelis can be read between the lines
of his autobiography with the aid of the other materials collected
by the editor Hassencamp (/. D. Michadis Lcbciisbeschreibung, kc,
1793). To understand the secret of his enormous influence, it is

not enough to read his books, now for the most part dull enough
to us

; we must see the upright vivacious laborious man, with a
good deal of worldly prudence and a good deal of temper, much
absorbed in his manifold academic activities in the university and
Royal Socii,ly of Gottingen, yet ever full of interest in the larger
world, and of shrewd judgments and lively talk, with a strong sense
of his rights and dignity, yet with a good and warm heart ; shining
especially in the lecture-room, where he dealt forth knowledge with
discursive hand from a full store, displaying the methods as well as
the results of his all-sided research, not without a touch of the vanity
-of the polyhistor, and loving to leave the chair under a storm of
applause at a parting bon-mot which ho acknowledged at the door
in a backward glance of triumph. The same volume contains a
full list of his works. Besides those already mentioned it is suffi-
cient to refer to his New Testament Inlrodudicm (the first edition,
1750, preceded the full development of his powers, and is a very
different book from the later, editions), his reprint of Lo\vth's
Prmlectiones with important additions (1758-62), his German
translation of the Bible with notes (1773-92), his Orientalisehe
und Exegetische Bibliothek (1775-85), and Neue 0. and E. Bib.
(1786-91), his Mosaisches Rechl (1770-71), and his edition of
Castle's Lexicon Syriacum (1787-88). His Lilterarischer Brief-
t«cfc«; (1794-96) contains much that is interesting for the history
of learning in his time. (W. R. S.)

formed with the officers, that procured him the Paris MS. from which
he edited Abiilfeda's description of Egypt.

' Cures in Actus Apostolorum Syriacoe, 1755.

MICHAUD, Joseph (1767-1B39), French historian

and publicist, was born of an old family on June 19, 1767,

at Albens, Savoy, was educated at Bourg-en-Bresse, and

afterwards engaged in literary work at Lyons, where the

events of 1789 first called into activity the dislike to

revolutionary principles which manifested itself throughout

the rest of his life. In 1791 he went to Paris, where, not

without danger, he took part in editing several royalist

journals. In 1794 he started La Quotidienne, for his con-

nexion with which he was arrested after the 13 th of

Vend6miaire; he succeeded in escaping his captors, but was

sentenced to death jxtr contumace by the military council.

Having resumed the editorship of his newspaper on the

establishment of the Directory, he was again proscribed on

the 18th of Fructidor, but at the close of two years

returned to Paris w^hen the consulate had superseded the

Directory. His Bourbon sympathies led to a brief

imprisonment in 1 800, and on his release he for the time

abandoned journalism, and began to write or edit books.

Along with his brother and two colleagues he published in

1806 a Biographie moderne, ou dictionnaire des ho7>imes

qui se sont fait un nom en Europe deptiis 1789, the earliest

work of its kind; in 1808 the first volume of his Hidoire

des Croisades appeared, and in 1811 he originated the

Biographie Universelle. In 1814 he resumed the editor-

ship of the Quotidienne, and in the same year was elected

Academician. In 1815 his brochure entitled Histoire des

quinze Semaines ou le dei-nier regne de Bonaparte met
with extraordinary success, passing through twenty-seven

editions within a very short time. His political services

were now rewarded with the cross of an officer in the Legion

of Honour and the modest post of king's reader, of which

last he was deprived in 1827 for having opposed Peyronnet's
" Loi d'Amour " against the freedom of the press. In

1830-31 he travelled in S3T:ia and Egypt for the purpose

of collecting additional matepials for the Histoire des

Croisades; his correspondence with a fellow explorer,

Poujoulat, consisting practically of discussions and eluci-

dations of various important points in that work, was-

aiterwards published {Correspondance d'Orient, 7 vols.,

1832-35). The Bibliotheque des Croisades, in four

volumes more, contained the " pieces justificatives " of the

Histoire. Michaud died on September 30, 1839, at Passy,

where his home had been since 1832. His Histoire des

Croisades was published in its final form in six volumes in

1841 under the editorship of his friend Poujoulat (9th ed.,

with appendix; by Huillard-Br^holles, 1856). Michaud
along with Poujoulat also edited and in part wrote ^ouvelle

Collection des Memoires pour servir d, VHistoire de France,

32 vols., 1836-44. See Sainte-Beuve, Causeries du
Lundi, vol. vii.

MICHAUX, AiTDRi (1746-1802), a French botanist,

best known for his works on the flora of North America
and as a botanical traveller. In 1779 he spent ffome time
botanizing in England, and in 1780 he explored Auvergne,
the Pyrenees, and the north of Spain. In 1782 he was
sent by the French Government on a botanical mission to

Persia. His journey began unfavourably, as he was
robbed by A rabs of all his equipments except his books

;

but he gained influential support in Persia, having cured
the shah of a dangerous illness. After two years he
returned to France with a fine herbarium, and also intro-

duced numerous Eastern plants into the botanic gardens
of France. In 1785 he was sent by the French Govern-
ment to North America, and traveUed through Canada,
Nova Scotia, and the United States as far west as the
Mississippi. The outbreak of the French Revolution
deprived him of means to continue Lis work in America,
and in 1796 he returned to France. He was shipwrecked,
and lost most of his coUections on the voyage In 1800



M 1 C— M I G 229
he went to Madagascar to inyestigate the flora of that
island, and died there in 1802. His work as a botanist
'it6s chiefly done in the field, and he added largely to what
ifa.3 previously known of the botany of the East and of
America, -le also introduced many plants into Euro-
pean botanic gardens. He wrote two valuable works on
North-American plants,—the Eistoire des chenes de
rAmerique Seplenlnonalt (1801), with 36 plates, and the
Flora BorealirAmericana (1803), 2 vols., with 51 plates.

illCHAUX, Franqois A-VDEfi (1770-1855), son of the
preceding, was, like his father, employed by the French
Government to explore the forests of North America with
a view to the introduction into France of trees valuable
for their wood or other products. He was very success-

ful in carrying out this object. He published in 1810-13
a Bisioire des A rbre»foresiieres de rAmerique Septentrionale,

in 3 vols., with 156 plates, a work full of information on
the characters, uses, distribution, and other points of

interest in the various species. In 1817-19 a translation

of it appeared under the title 2iorth American Sylva.

He abo wrote a Voyage a Pouest des Afonts Allighani/i,

1804, besides articles in scientific magazines.

MICHELANGELO (1475-1564). Michelangelo Buon-
arroti, best known simply as Michelangelo, the last and most
famous of the great artists of Florence, was the son of

Ladovico Buonarroti, a poor gentleman of that city, and of

his wife Francesca di Neri. Ludovico was barely able to
iiv'j on the income of his estate, but made it his boast that

he had never stooped to add to it by mercantile or mechani-
cal pursuits. The favour of the Medici procured him em-
ployment in some minor offices of state, and in the autumn
of 1474 he was appointed resident magistrate of Caprese,

in the Casentino, for a period of six months. Thither he
accordingly repaired with his family, and there, on March
6, 1475, his second son Michelagniolo or Michelangelo was
born. Immediately afterwards the family returned to

Florence, and the child was put to nurse with a marble-

worker's wife of Settignano. His mother's health had
abeady, it would seem, begun to fail; at all events in

about two years from this time, after she had borne her

husband two more sons, she died. While stiU a young
boy, Michelangelo determined in spite of his father's

opposition to be an artist. He had sucked in the passion,

as he himself used to say, with his foster-mother's milk
,

After a sharp struggle, his stubborn will overcame his

f-ather's pride of gentility, and at thirteen he got MmseK
articled as a paid assistant in the workshop of the brothers

GhirlanJaio. Domenico Ghirlandaio, bred a jeweller, had
become by this time the foremost painter of Florence. In

his service the young Michelangelo laid the foundations

of that skill in fresco with which twenty years afterwards

he confounded his detractors at Rome. He studied also,

like all the Florentine artists of that age, in the Brancacci

chapel, where the frescos of Masaccio, painted some sixty

years before, still victoriously held their own ; and here, in

a quarrel with an ill-conditioned feUow-student, Torrigiani,

he received the blow of which his face bore the marks to

his dying day.

Though Michelangelo's earliest studies were directed

towards painting, he was by nature and predilection much
more inclined to sculpture. In that art he presently

received encouragement and training under the eye of

an illustrious patron, Lorenzo del MedicL On the

recommendation, it is said, of Ghirlandaio, he was trans-

ferred,- before the term of his apprenticeship as a painter

bad expired, to the school of sculpture established by

Lorenzo in tho Medici gardens. Here he could learn to

match himself against lus great predecessor, DonateUo, one

of whose pupils was the director of the school, and to com-

f>cx6 the vrorLi of that master and his Tuscan contemporaries

with the antiques collected for the instruction of the scholars.

Here, too, he could listen to discourse* on ' Platonism, and
steep himself in the doctrines of an enthusiastic philosophy

which sought to reconcile with Christian faith the lore and
the doctrines of the Academy. Michelangelo remained a
Christian Platonist to the end of bis days; he was also

from his youth up a devoted student of Dante. His
powers of mind and hand soon attracted attention, and
secured him the regard anJ favour of his patrons in spite

of his rugged, unsociable exterior, and of a temper which
at best was but a half-smothered volcano.

Michelangelo had been attached to tho school and house-
hold of the Medici for barely three years when, in 1492,
his great patron Lorenzo died. Lorenzo's son Piero dei

Medici inherited the position, but not the qualities, of his

father ; Florence soon chafed under his authority ; and
towards the autumn of 1494 it became apparent that

disaster was impending over him and his adherents.

Michelangelo was constitutionally subject to dark and
sudden presentiments : one such seized him now, and,

without awaiting the popular outbreak which soon followed,

he took horse with two companions and fled to Bologna.

There, being now in his twentieth year, he was received with

kindness by a member of the Aldovrandi family, and on

his commission executed two figures of saints, and one of

an angel, for the shrine of St Dominic in the church of St

Petronius. After about a year, work at Bologna failing,

and his name having been included in his absence on the

list of artists appointed to provide a new hall of assembly

for the Great Council of Florence, Michelangelo returned

home. The strange theocracy established by Savonarola

was now in force, and the whole character of civic life at

Florencewas for the time being changed. But Michelangelo

was not left without employment. ^ He found a friend in

another Lorenzo, the son of Pierfrancesco dei Medici, for

whom he at this time executed a statue of the boy St John.

Having also carved a recumbent Cupid in imitation of the

antique, it was suggested to him by the same patron

that it should be so tinted and treated as to look like a

real antique, and sold accordingly. Without increasing

the price he put upon the work, llichelangelo for amuse-

ment lent himself to the counterJEeit, and the piece was then

actually sold for a large sum to a Roman collector, the

cardinal San Giorgio, as a genuine work of antiquity,—the

dealer appropriating the profits. When presently thj

cardinal discovered the fraud, he caused the dealer to

refund ; but as to Michelangelo himself, it was represented

to the young sculptor that if he went to Rome, the amateur

who had just involuntarily paid so high a tribute to his

skill would certainly befriend him. He set forth accord-

ingly, and arrived at Rome for the first time at the end ol

June 1496. Such hopes as he may have entertained of

countenance from the cardinal San Giorgio were quickly

dispelled. Neither did the banished Piero dei Medici, who

also was now living at Rome, do anything to help him.

On the other hand Michelangelo won the favour of a

Roman nobleman, Jacopo GaUi, and through him of the

French cardinal Jean de ViUiers de la Grolaie, abbot of

St Denis. From the former he received a commission for

a Cupid and a Bacchus, from the latter for a Pieli, ot

Mary lamenting over the body of Christ,—works of which

probably all three, the last two certainly, are preserved.

Michelangelo's stay in Rome at this time lasted five

years, from the summer of 1496 till that of 1501. The

interval had been one of extreme political distraction at

Florence. The excitement of the French invasion, the

mystic and ascetic regimen of Savonarola, the reaction

which led to his overthrow, and finally the external wars

and internal dissidences which preceded a new settlement,

had all created an atmosphere most unfavourable to art
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Nevertheless" Ludovico Buonarroti, who in the troubles of

1491 had lost a small permanent apiiointment he held in

the customs, and had come to regard his son Jlichclangclo

cs the mainstay of his house, had been repeatedly lugging

hira to come home.
A spirit of family duty and family pride was the ruling

principle in all Michelangelo's conduct. During the best

years of his life he submitted himself sternly and without

a murmur to pinching hardship and almost superhuman
labour for the sake of his father and brothers, who were

ever selfishly ready to be fed and helped by him. Having
now, after an illness, come home in 1501, Slichelangelo

received the request from the cardinal Francesco Picco-

lomini to adorn with & number of sculptured figures a

shrine already begun in the cathedral of Siena in honour

of the most distmguished member of his house, Pope
Pius IL Four only of these figures were ever executed,

and those not apparently, or only in small part, by the

master's hand. A work of greater interest in Florence

itself had diverted him from his engagement to his Sienese

patron. This was the execution of the famous colossal

statue of David, popularly known as the Giant. It was
carved out of a huge block of marble on which another
sculptor, Agostino d'Antonio, had begun unsuccessfully to

work forty years before, and which had been lying idle

ever since. Michelangelo had here a difficult problem before

him. Without much regard to tradition or the historical

character of his hero, he carved out of the vast but cramped
mass of material a youthful, frowning colossus, which
amazed every beholder by its freedom and science of execu-
tion, and its victorious energy of expression. All the best

artists of Florence were called in council to determine on
what site it should be set up, and after much debate the

terrace of the Palace of the Signory was chosen, in prefer-

ence to the neighbouring Loggia dei Lanzi. Here accord-

ingly the colossal David of Michelangelo took, in the month
of May 150+, the place which it continued to hold ever after-

wards, until ten years ago, in 1873, it was removed for

the sake of protection to a hall in the Academy of Fine
Arts. Other works of sculpture by the same indomitable
hand also belong to this period : among these another
David, in bronze, and on a smaller scale ; a great rough-
hewn St Matthew begun but never completed for the
cathedral of Florence ; a Madonna and Child executed on
the commission of a merchant of Bruges ; and two un-
finished bas-reliefs of the same subject.

Neither was Michelangelo idle at the same time as a
painter. Leaving disputed works for the moment out of

sight, he in these days at any rate painted for his and
Raphael's common patron, Angelo Doni, the Holy Family
now in the Uffizi at Florence. And in the autumn of

1504, the year of the completion of the David, he received

from the Florentine state a commission for a work of

monumental painting on an heroic scale. Leonardo da
Vinci had' been for some months engaged on his great
artoon of the Battle of Anghiari, to be painted on the
Wall of the great hall of the municipal council. The
gonfaloniere Sodcrini now procured for Michelangelo the
commission to design a companion work. Michelangelo
chose an incident of the Pisan war, when the Florentine
soldiery had been surprised by the enemy in the act of

bathing : he dashed at the task with'his accustomed fiery

energy, and had carried a great part of the cartoon to

completion when, in the early spring of 1505, he broke off

the work in order to obey a call to Rome which reached
him from Pope Julius IL His unfinished cartoon showed
how greatly Afichelangelo had profited by the example of

his elder rival, Leonardo, little as, personally, he yielded

to his charm or could bring himself to respond to his

courtesy. The work of Michelangelo's youth is for the

most jiart comparatively tranquil in character. His early-

sculpture, showing a degree of science and perfection un-

equalled since the antique, has also something of_ the

antique serenity. It bears strongly the stamp of intel-

lectual research, but not by any means that of storm or

strain, la the cartoon of the Bathers, he on the other

hand appropriated and carried further the mastery, which

Leonardo had first asserted, over every variety of violent

action and c^ery extreme of energetic movement. In it

the qualities afterwards proverbially associated with

Michelangelo—his furin, his tei-rMlitct, the tempest and

hurricane of the spirit which accompanied his unequalled

technical mastery and knowledge—first found expression.

Witli Xliclielangclo's departure to Rome early iu 1505 the first

part of liis artistic career may be .-aid to enJ. It will be convenient

Lere to recaiiitulatc its principal results iu sculpture and painting,

both those presei'ved, and those recorded but lost.

Scl'LPliT.E.—Florence, 1-189-94. I{cad of a Faun, National

Museum, Florence (?). Condiv describes Jlichelangelo's firtt essay

in sculpture as a head of an ageJ'.'uUu with a front tooth knocked out,

this latter point having been ai. afterthought suggested by Lorenzo

dei Medici. The head is commonly identified with one in the

Natio'ial Jluscuni at Florence, which, however, bears no marks of

Michelangelo's style, aud is in all probability spurious. Muilovna
Scaled on a Slcp, Casa Buonarroti, Florence. This bas-relief is a

geuuiuo e.i!ample of Michelangelo's early work in the Medicean
school under ISevtoIdo. It is executed in low relief in imitation of

the technical style of Donatello; but the attitudes and characters

of the figures, and the long-drawn, somewhat tormented folds of

drapery, recall rather the manner of Jaeopo della Querela. Cen-
tauromachia, Casa Buonarroti. A fine and unquestionably genuine
work in full relief, of probably somewhat later date than the last-

mentioned ; MichcliTigelo has followed the antique in his con-
ception and treatment of the nude, but not at all in the arrange-

ment of the subject, which occurs frequently in works of ancient art.

Bologna, 1494-95. Kneeling Angel, supporting the shrine of

.St Dominic. This is the figure, with crisp hair, short resolute

features, and drapery clinging to show the limbs, on the right-

hand side of the spectator as he fronts the altar. The prettier

and more engaging figure at the opposite end was long taken to

be Michelangelo's work, but is really that of Niccolo dell' Area.

Michelangelo also finished tire figure of St Petronius on the cornice

of the same altar, begun by the same Niccold, and execute:^ one of

St Proculus which has perished.

Florence, 1405-96. St John in the TVilderncss, Berlin Museum.
During tlie year between Michelangelo's return from Bologna and
his first departure to Rome he executed, as has been narrated above,
a statue of S. Giovannino for Lorenzo di Fierfrancesco dei Medici.

This had for centuries been supposed lost, when in 1874 it was
declared to have been found in the possession of Count Gualandi-
Rossalmiai at Pisa. Vehement and prolonged discussions arose

as to the authenticity of the work, and at last it was bought for

the Berlin Museum, where its genuineness is with apparently good
reason maintained. The stripling saint stands naked but for a
skin about, his loins, holding a honeycomb in his left hand and
lifting to his mouth a goat's horn full of honey with his right.

Restoration of an antique group of Bacchus and Ampelus, UfEzi
Gallery, Florence. This interesting restoration of an antique torso,

by the addition of a head, the lower part of the legs, and the accessory

figure of an attendant genius, a plinth, and mask, is not one of the
works traditionally ascribed to Michelangelo; but has lately, and
as it seems rightly, been claimed for him on internal evidence.

Hecumhenl Cupid, bought by tlie cardinal San Giorgio as an
antique. This work, which played an important part in Michel-
angelo's history, is unfortunately lost.

Eomo, 1495-1501. Kneeling Cuind, South Kensington Museum,
London. This beautiful statue of an athletic youth kneeling on
the right knee, looking over his right shoulder, with the right

hand lowered and the left raised, aud having a quiver on tho

ground beside him, is acknowledged on internal grounds as an
early work of Michelangelo. There is some ambiguity about the

character and action of the personage; but the work is usually

identified with tho Cupid which Michelangelo is recorded to have
executed at this time for Jaeopo Galli. Bacchusand Young Faun,
National Museum, Florence. This is unquestionably the "Bacchus"
commissioned by the same patron. The finely-framed but soft-

limbed youthful goii, his weight supported somewhat staggeringly

on tho left leg, holds up a wine cup in his right hand, and with ni»

loosely-hanging left hand holds a cluster of grapes, at which a
child-faun standing a little behind him grasps and nibbles. The
surface highly finished and polished, as in the Birlin St John.
Virgin Lamenting the Dead Christ, St Peter's, Rome. This gcorjt^

executed for tho French abbot of St Denis, is the finest of £->
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Michiilangelo's early sculptures, and one of the finest of his life.

It still vecalli the iileals of some of the earlier Tuscan masters,

especially Jacopo da Querela ; but the execution is of a mastery

and nobility unprecedented in Italian art. The Virgin, in drapery

of magnificent design, with her left knee somewhat raised and her

right band sightly e.ttended, sits holding on her lap the dead

Christ,—a figure of splendid frame and modelling as well as of

admirable pathos and dignity in expression.

Florence, 1501-6. Four Saints decorating the Shrine oj Pius II.
,

in the cathedral of Siena. These figures represent the only part

which Michelangelo ever completed of his contract with the car-

dinal Piccolomini and his heirs. They are evidently carried out by
the hand of pupils onl}'. Viryin and Child, Liebfrauenkirche,

Bruges. This pleasing group has been since the days of Albert
Diirer attributed to Jlichelangelo, and bears the manifest stamp
of his design, though its execution may be partly by inferior

hands. It is placed close to the tombstone of a member of the

Moscheroni (or Moskcron) family. We know that Michelangelo
executed at this time, for one of this very family, a work which the
ancient biographers describe as having been in bronze,—a medal-
lion in that metal, says explicitly Vasari; but it is probably really

the marble group in question. Virgin and Child, Royal Academy,
London. This beautiful unfinished circular relief is identified with
one recorded to have been executed by the master for Taddeo
GaddL Virgin and Child, National JIuseum, Florence,—a similar

relief, also unfinished, originally ordered by Bartolommeo Fitti.

Youthful David, Academy of Arts, Florence. Of this colossal

work, which in spite of its scale and subject has still, in grace

of pose and^style, a considerable artistic affinity with the earlier

Bacchus and St John, enough has been said. Figure of David,
a small statue in bronze. Several extant works have been pointed
out as probably identical with this lost statue ; but the claims of

none have been generally acknowledged.
Paintiso.—ifoly Family, Uffizi, Florence. This circular picture,

painted for Angelo Doni, and mentioued by the earliest biographers,

is the only perfectly well-attested panel-painting of Michelangelo
which exists. His love of restless and somewhat strained actions is

illustrated by the action of the Madonna, who kneels on the ground
holding up the child on her right shoulder ; his love of the nude
by the introduction (wherein he follows Luca Signorelli) of some
otherwise purposeless undraped figures in the background. Virgin
and Child with Four Angels, National Gallery, London. This
unfinished painting, marked by great grace as well as severity of
feeling and design, was formerly attributed to Domenico Ghirlantlaio,

but is now commonly held to be the earliest extant picture by Michel-
angelo. Of his manner, especially in the design and treatment of the
drapery, it bears evident marks ; but the execution seems like that
of some weaker pupil or companion, perhaps Ridolfo Ghirlandaio
or Granacci. Entomhmmt of Christ, National Gallery, London.
This picture, also unfinished, has in like manner been much con-

tested. Its composition is unfortunate ; weaker hands have dis-

figured some portions of the work ; but the extraordinary excellence

of otiier portions, and the grandeur of some of the actions,

render it probable that the work is one begun and afterwards

abandoned by Michelangelo himself. Cartoon of the Battle of
Anghiari. Of this famous lost work (begun, though apparently
not completed, in the period now engaging us) the only authentic
record is contained in two early engravings, one by Marcantonio
and the other by Agostino Veneziano. An elaborate drawing of

many figures at Holkham Hall, well known and often engraved,
eeeiis to be a later cctUo destitute of real authority.

J[icheIangelo had not been long in Eome betore Pope
Julius devised fit employment for him. That capacious

and headstrong spirit, on fire with great enterprises, had
conceived the idea of a sepulchral montzment to com-
memorate his glory when he should be dead, and to be
executed according to his own plans while he was still

living. He entrusted this congenial task to Michelangelo.

Tie design being approved,- the artist spent the winter of

1505-G at the quarries of Carrara, superintending the

excavation and shipment of the necessary marbles. In the

spring he returned to Eome, and when the marblfls arrived

fell to with all his energy at the preparations for the work.

For a while the pope followed their progress eagerly,

and was all kindness to the young sculptor. But presently

his disposition changed. In Jlichelangelo's absence an
artist who was no friend of his, Bramante of Urbino, had
been selected by Julius to carry out a new architectural

scheme, commensurate with the usual vastness of his con-

ceptions, namely the rebuilding of St Peter's church. To
the influence and the malice of Bramante Michelangelo

attributed the unwelcome invitation he now received to
interrupt the great work of sculpture which he had just
begun, in order to decorate the Si.xtine chapel with frescos.

Soon, however, schemes of war and conquest interposed to
divert the thoughts of Julius, not from the progress of his
own monument merely, but from artistic enterprises
altogether. One day Michelangelo heard him say at table
to his jeweller that he meant to spend no more money on
pebbles either small or great. To add to the artist's dis-

comfiture, when he went to apply in person for payments
due., he was first put off from day to day, and at last
actually mth scant courtesy dismissed. At this his dark
mood got the mastery of him. Convinced that not his-

employment only but his life was threatened, he suddenly
took horse and left Eome, and before the messengers of
•the pope could overtake him was safe on Florentine
territory, ilichelangelo's flight took place in April 1506.
Once among his own people, he turned a deaf ear to all

overtures made from Rome for his return, and stayed
throughout the summer at Florence, how occupied we are
not distinctly informed, but apparently, among other
things, on the continuation of his great battle cartoon.

During the same summer Julius planned and executed
the victorious military campaign which ended in his
tmopposed entry at the head of his army into Bologna.
Thither, under strict safe-conduct and promises of renewed
favour, Jlichelangelo was at last prevailed on to betake
himself. Julius received the truant artist kindly, as indeed
between these two volcanic nattires there existed a natural
affinity, and ordered of him his own colossal likeness in
bronze, to be set up, as a symbol of his conquering
authority, over the principal entrance of the church of St
Petronius. For the next fifteen months Michelangelo
devoted his whole strength to this new task. The price
at which he undertook it left him, as it turned out, hardly
any margin to subsist on. Moreover, in the. technical art
of metal casting he was inexperienced, and an assistant

whom he had summoned from Florence proved insubor-
dinate and had to be dismissed. Nevertheless his genius
prevailed over every hardship and difficulty, and on the
21st of February 1508 the majestic bronze colossus of

the seated pope, robed and mitred, with one hand grasping

the keys and the other extended in a gesture of benedic-

tion and command, was duly raised to its station over the

church porch. Three years later it was destroyed in a
revobition. The people of Bologna rose against the
authority of Julius ; his delegates and partisans were cast

out, and his eflSgy hurled from its place. The work of

Michelangelo, after being trailed in derision through the

streets, was broken up and its fragments cast into the

furnace.

Meanwhile the artist himself, as soon as his work was
done, had followed his reconciled master back to Eome.
The task that here awaited him, however, was after all not

the resumption of the papal monument, but the execution

of the series of paintings in the Sixtine chapel which had

been mooted before his departure. Painting, he always

averred, was not his business ; and he entered with

misgiving and reluctance upon his new undertaking.

Destiny, however, so ruled that the work thus thrust upon

him remains his chief title to glory. His history is one of

indomitable will and almost superhuman energy, yet of will

that hardly ever had its way, and of energy continually

at war with circumstance. The only work which in all his

life he was able to complete as he had conceived it was

this of the decoration of the Sixtine ceiling^ The pope

had at first proposed a scheme including figures of the

twelve apostles only. Michelangelo would be content with

nought so meagre, and furnished instead a design of many
hundred figures, embodying all the history of creation and
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of the first patriarchs, with accessory i)ersonages of prophets

and sibyls dreaming on the ne>v dispensation to come, and,

in addition, those of the forefathers of Christ. The whole

was to bo enclosed and divided by an elaborate framework

of painted archit^ture, with a multitude of nameless human

shapes supporting its several members or reposing among^

them,—shapes mediating, as it were, between the features

of the inanimate framework and those of the great dramatic

and prophetic scenes themselves. Michelangelo's plan was.

accepted by the pope, and by May 1508 his preparations

for its execution were made. Later in the same year he

summoned a number of assistant painters from Florence.

Trained in the traditions of the earlier Florentine school,

they were unable, it seems, to interpret Michelangelo's

designs in fresco either with sufficient freedom or sufficient

uniformity of style to satisfy him. At any rate he soon

dismissed them, and carried out the remainder of his

colossal task alone, except for the necessary amount of

purely mechanical and subordinate help. The physical

conditions of prolonged work, face upwards, upon this vast

expanse of ceiling were adverse and trying in the extreme.

But after four and a half years of toil the task was

accomplished. Michelangelo had during its progress been

harassed alike by delays of payment and by hostile intrigue.

The absolute need of funds for the furtherance of the

undertaking had even constrained him at one moment to

break off work, and pursue his inconsiderate master as far

as Bologna. His ill-wishers at the same time kept casting

doubts on his capacity, and vaunting the superior powers

cf SaphaeL That gentle spirit would by nature have been

no man's enemy, but unluckily Michelangelo's moody, self-

concentrated temper prevented the two artists being on

terms of amity such as might have stopped the mouths of

mischief-makers. Once during the progress of his task

Michelangelo was compelled to remove a portion of the

ecaffolding and exhibit what had been so far done, when
the effect alike upon friends and detractors was overwhelm-
ing. Still more complete was his triumph when, late in

the autumn of 1512, the whole cf his vast achievement
was disclosed to view.

The mafn field of the Sixtine ceiling is divided into four larger
altornating with five smaller fields. The following is tlie order of tiie

subjects depicted in them:—(1) the dividing of the light from the
darknesa

; (2) the creation of sun, moon, and stars, and of the
herbage

; (3) the creation of the waters
; (4) the creation of man

;

(5) the creation of woman ; (6) the temptation and expulsion
;

(7) an enigmatical scene, said to represent the sacrifice of Cain and
Abel, but rather resembling the sacrifice of Noah

;
(S) tlie deluge

;

(9) the drunkenness of Noah. The figures in the last three of these
scenes are on a smaller scale than those in the first six. In numbers
1, 3, 6, 7, and 9 the field of the picture is reduced by the encroach-
ments of the architectural framework and supporters. These sub-
jects arc flanked at each end by the figure of n seated prophet or
eibyl alternately ; two other proiihcts are introduced at each ex-
tremity of the series, making seven prophets and five sibyls in all. In
the angles to right and left of the jirophots at the two extremities
are the Death of Goliath, the Death of Judith, tlie Brazen Ser-
pent, and the Punishment of Haman. In the twelve lunettes
above the windows, and the similar number of triangular vaulted
spaces over them, are mysterious gioups, or pairs of groups, of
figures, which from Michelangelo's own time have usually been
known as Ancestors of Christ. The army of nameless architectural
and subordinate figures is too numerous to bo here spoken of.

The work represents all the powers' of Michelangelo at their best.

Disdaining all the accessory allurements of the painter's art, h6
has concentrated himself upon the exclusive delineation of the
human form and faco at their highest power. His imagination
lias conceived, and his knowledge and certainty of hand have enabled
him to realize, attitudes and combinations of unmatched variety
and grandeur, and countenances of unmatclied expressiveness and
power. But Jio has not trusted, as ho came later to trust, to science
and acquired knowledge merely, neither do his personages, so far

as they did afterwards, transcend human possibility or Ifave the
facts <i «£tual life behind them. In a word, his sublimity, often

in excess of the occasion, is here no more than equal to it ; more-
over it is combined with the noblest elements of grace and even of

tandernoss- A» for the intellectual meanings o! his vast design.

over and above tliose which reveal themselves at a first glance or

by a bare descilption,—they are from the nature of the case in-

exhaustible, and can never be perfectly defined. Whatever thje

soul of this great florontine, the spiritual heir of Dante, with
the Christianity of the Jliddle Age not shaken in bis mind, but
expanded and transccndeutalized, by the knowledge and love of

Plato,—whatever the soul of such a man, full of suppressed tender-
ness and righteous indignation, and of anxious questionings of

coming fate, could conceive, that Michelangelo has expressed or
shadowed forth in this great and siguificant scheme of paintings.

The details it must remain for every fresh student to interpret in
his own manner.

The Sixtine chapel was no sooner completed than
Michelangelo resumed work upon the marbles for the .

monument of Julius. But four months only had passed

when Julius died. His heirs immediately entered (in the

summer of 1513) into a new contract with Michelangelo

for the execution of the monument on a reduced scale.

^Vhat the precise nature and extent of the original design

had been we do not know, but the new one was extensive

and magnificent enough. It was to consist of a great

quadrilateral structure, two courses high, projecting from
the church wall, and decorated on its three unattached sides

with statues. On the upper course was to .be placed the

colossal recumbent figure of the pope under a canopy,

and beside it mourning angels, with prophetic and ,

allegoric personages at the angles,—sixteen figures in

all. The lower course was to be enriched with twenty-

four figures in niches and on projecting pedestals :—in

the niches. Victories trampling on conquered Provinces,;

in the "pedestals. Arts and Sciences in bondage. The
entire work was to be completed in nine years' time.

During the next three years, it would seem, Michelangelo

brought to completion three at least of the promised

figures, and they are among the most famous of all exist-

ing works of the sculptor's art,—namely, the Moses now
in the church of S. Pietro in Vincoli A* Koioe and the

two " Slaves " at the Louvre.

The Jloses, originally intended for one of the angles of the upper
course, is now placed at the level of the eye, in the centre of the
principal face of the monument as it was at last finished, on a
dejilorably reduced and altered scale, by Michelangelo and his
assistants in his old age. The prophet, heavily bearded and draped,
with only his right arm bare, sits with his left foot drawn back,
his head raised and turned to the left with an expression of in-

diguatiou and menace,' his left hand laid on his lap and his right
grasping the tables of the law.' Tl.e work, except in one or two
places, is of the utmost finish, and the statue looks like one of the
prophets of the Sixtine ceilin" done in marble. The "Slaves" at
the Louvre are youthful male figures of equally perfect execution,
nude but for the band wliich passes over the breast of one and the
right leg of the other. One, with his left hand raised to his head
and his light pressed to his bosom, and his eyes almost closed,

seems succumbing to the agonies of death; the other, with his arms
bound behind his back, looks upward still hopelessly struggling.

There is reason to believe that all three of these figures were finished

between 1513 and 1516. The beginnings of other figures or groups
intended for the same monument are to be found at Florence, where
thej wore no doubt made and then abandoned some years later, —
viz,, four ruddy blocked figures of slaves or prisoners, in a grotto
of the Boboli gardens, and the so-called Victory in the National
JIuscum, an unfinished group of a combatant kneeling on and
crushing to death a fallen enemy; with those may bo associated

a wax model kuowu as Hercules and Cacus in the South Ken-
sington Museum, and the figure of a crouching man a*. St Peters-

burg.

By this time (1516) Michelangelo's evil star was again
in tlie ascendant. Julius II. had been succeeded on the

papal throne by a Medici under the title of Leo X. The
Medici, too. Lad about the same time by force an'! fraud

re-established their sway in Florence, overthrowing the free

institutions that had prevailed there since the days of

Savonarola. Now on the one hand this family were the

hereditary friends and patrons of Michelangelo; on the

other hand he was a patriotic son of republican Florence;
so that henceforward his personal allegiance and hi.i

political sympathies were destined to be at conflict. Over
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mucli of tis art, as Las been thouglit, the pain and per-

plexity of this conflict have cast their shadow. For the
present the consequence to him of the rise to power of the
Medici was a fresh interruption of his cherished work on
the tomb of Julius. Leo X. and his kinsmen insisted that
Michelangelo, regardless of all other engagements, must
design and carry ou. a great new scheme for the enrich-

iuent of their own family church of San Lorenzo in

Florence. The heirs of Julius on their part showed an
accommodatinfr temper, and at the request of Leo allowed
their three-years'-old contract to be cancelled in favour of

another, whereby the scale and sculptured decorations of

the Julian monument were again to be reduced by nearly
a half. Unwillingly Michelangelo accepted the new com-
mission thus thrust upon him for the church fa^-ade at

Florence; but, having once accepted' it, he produced a
design of combined sculpture and architecture as splendid

and ambitious in its way as had oeeji that for the monu-
ment of Julius. In the summer of 1516 he left Rome for

Carrara to superintend the excavation of' the marbles.

Michelangelo was now in his forty-second year. Though
more than half his life was yet to come, yet its best

days had, as it proved, been spent. All the hindrances

which he had encountered hitherto were as nothing to

those which began to beset him now. For the supuly of

materials for the fajade of San Lorenzo he had set a firm

of masons to work, and had himself, it seems, entered into

a kind of partnership with them, at Carrara, where he knev.-

the quarries well, and where the industry was hereditary

and well understood. When all was well in progress there

under his own eye, reasons of state induced the Medici
and the Florentine magistracy to bid him resort instead

to certain new quarries at Pietrasanta, near Serravalle in

the territory of Florence. Hither, to the disgust of his old

clients at Carrara and to his own, Michelangelo atcordingly

had to transfer the scene of his labours. Presently he found
himself so impeded and enraged by the mechanical difficulties

of raising and transporting the marbles, and by the disloyalty

and incompetence of those with whom he had to deal, that

he was fain to throw up the commission altogether. The
contracts for the facade of San Lorenzo were rescinded in

March 1518, and the whole magnificent scheme came to

nothing. Michelangelo then returned to Florence, where

proposals of work poured in on him from many quarters.

Th» king of France desired something from his hand to

place beside the two pictures he possessed by Raphael.

The authorities of Bologna wanted him to design a facade

for their church of St Petronius ; those of Genoa to cast a

statue in bronze of their great commander, Andrea Doria.

Cardinal Grimani begged hard for any picture or statue he

might have to spare ; other amateurs importuned him for

30 much as a pencil drawing or sketch. Lastly his friend

and partisan Sebastian del Piombo at Rome, ever eager to

keep up the feud between the followers of Michelangelo

and those of Raphael, besought him on Raphael's death to

return at once to Rome, and take out of the hands of the

dead master's pupils the works of painting still remaining

to bo done in the Vatican chambers. Jlichelangelo complied

with none of these requests. All that we know of his doing

at this time was the finishing a commission received and

first put in hand four years previously, for a full-sized

statue of a nude Christ grasping the Cross. This statue,

completed and sent to Rome in 152 1 (with some last touches

added by subordinate hands in Rome itself), stands now in

the church of Sta Maria sopra Minerva ; there is little in

it of the Christian spirit as commonly understood, although,

in those parts which Michelangelo himself finished, there

is extreme accomplishment of design and workmanship.

The next twelve years of Michelangelo's life (1522-34)

were spent at Florence, and again employed principally in

the service of his capricious and uncongenial patrons, the
Medici. The plan of a grefit group of monuments tc

deceased members of triis family, to be set up in theii

mortuary chapel in San Lorenzo, seems to have been formed,

and preparations to have been made by Jlichelangelo foi

its execution, as early as 1519. It was not, however, until

1524, after Leo X. had died, and his successor Adrian VI.

had been in his turn succeeded by another Jledicean pope,

Clement VII., that any practical impulse was given to the

work. Even then the impulse was a wavering one. First

Clement proposed to associate another artist, Sansavino,

with ilichelangelo in his task. This proposal being on
Michelangelo's peremptory demand abandoned, Clement
next distracted the artist with an order for a new archi-

tectural design,—that, namely, for the proposed Medicean
or " Laurentian " library. When at last the plans for the

sepulchral monuments took shape, they did not include, as

had been at first intended, memorials to the founders of

the house's greatness, Cosimo and Lorenzo the Magnificent,

or even to Pope Leo X. himself, but only to two younger
members of the house lately deceased, Giuliano, duke of

Nemours, and Lorenzo, duke of Urbino. Michelangelo
brooded long over his designs for this work, and was still

engaged on its execution—his time being partly also taken

up by the building plans for the iledicean library—when
political revolutions interposed to divert his industry. In

1527 came to pass the sack of Rome by the Austrians,

and the apparently irretrievable ruin of Pope CTement. The
Florentines seized the occasion to expel the Medici from

their city, and set up a free republican government once

more. Naturally no more funds for the work in San
Lorenzo were forthcoming, and Michelangelo, on the

invitation of the new signory, occupied himself for a

while with designs for a colossal group of Samson and

the Philistines, to be wrought out of a block of marble

which had been rough-hewn already for another purpose

by Baccio Bandinelli. Soon, however, he was called to

help in defending the city itself from danger. Clement and

his enemy Charles V. having become reconciled, both alike

were now bent on bringing Florence again under the rule of

the Medici. In view of the approaching siege, Michelangelo

was appointed engineer-in-chief of the fortifications. He
spent the early summer of 1529 in strengthening the

defences of San Miniato ; from July to September he was

absent on a diplomatic mission to Ferrara and Venice.

Returning in the middle of the latter month, he found the

cause of Florence hopeless from internal treachery and

from the overwhelming strength of her enemies. One of

his dark seizures overcame him, and he departed again

suddenly for Venice. Not cowardice, but despair of his'

city's liberties, and stiU more of his own professional pro-

spects amid the turmoil of Italian affairs, was the motive

of his departure. For a while he remained in Venice,

negotiating for a future residence in France. Then, while

the siege was stUl in progress, he returned once more to

Florence ; but in the final death-struggle of her liberties he

bore no part. When in 1530 the city submitted to her

conquerors, no mercy was shown to most of those who had

taken part in her defence. Jlichelangelo believed himself

in danger with the rest, but on the intervention of Baccio

Valori he was presently taken back into favour and

employment by Pope Clement. For three years more he

still remained at Florence, engaged principally on the com-

pletion of the Medici monuments, and on the continuance of

the Medicean library, but partly also on a picture of Leda

for the duke of Ferrara.

The statues of the Medici monumonl take rank beside the Moee*

and the Slaves as the finest work of Michelangelo s central hme

in sculpture ; moreover, though some ot the figures are unfinished,

thev constitute as actually executed a complete scheme. loej
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tonsist of a Madonna anj CliiKI (left iiniioifcct Icoausc the mniblc
was short in bulk), ami of the two famous iiionunuiital gioups, eaih
consUtin" of an armed aud scatcJ portiMit-stati:e in a niche, with
two emblematic figures reclining on each siilc of a sarcophagus
below. The portraits arc treated not realistically but tyiucally. hi
that of Lorenzo seems to be typitieJ the mood of brooding and
coaceDtntod inward thought preparatory to warlike action ; in
that of Giuliano, the type of alert and lonfident practical survey
iramediatoly preceding llio moment of action. To this contrast of

the medit-itive and active cliai^ctcrs coiTCsponds to some exte^it a
contrast in the emblematic groups accompanyin" the portmits. At
the feel of the Duke Giuliano recline the shapes of Night and Day,

—

the foimcr a female, the latter a male perbonification,— the forujcr

sank in an attitude of deep but uneasy slumber, the latter (whoso
head and face are merely blocked out of the marble) lifting himself
h one of wrathful and disturbed awakejiing. But for Jlichelangelo's
Unfailing grandeur of style, and for the sense which his works con-
rey of a compulsive heat and tempest of thought and feeling in the
loul that thus conceived them, both tliese attitudes might be charged
with extravagance. As grand, but far less violent, are those of the
two companion figures that recline between sleep a;id waking on
the sarcophagus of the pensive Lorenzo Of these, the male figure
Is known as Ev-ning, and the female as Jlorning {Crepi(scolo°and
Aurora). In Michelangelo's original idea, figures of Earth and
Heaven were to be associated with those of Night and Day on the
monument of Giuliano, and others of a corresponding nature, no
doubt, with those of tho Jlorning and Evening Twilight on that of
Lorenzo; these tigurot i/ItwuJa fill ort of the scheme. Michel-
Jngelo's obvious and fundamental idea was, as some words of his
own record, to exhibit the elements, and the- powers cf enrth and
heaven, lamenting tho death of the princes ; it is a question of
much interest, but not to be discussed here, what other ideas of
a more personal and deeper kind may have conflicted or come into
association wiVh these, and found expression in these majestic
works of art. whereof no one nho looks upon them can escane thn
spell.

Michelangelo bad never ceased to be troubled by the heirs
and executors of Julius, as well as by his own artistic con-
iscience and ambition, concerning the long-postponed comple-
tion of the Julian monument. Agreement after agreement
had been made, and then from the force of circumstances
broken. In 1532, on the completion of the Jledicean monu-
ments at Florence, he entered into a new and what he firmly
meant to be a binding contract to complete the work, on a
fccale once more very greatly reduced, and to set it up in the •

church of S. Pietro in Vincoli in Rome. But once more
tho demands of the pope diverted his purpose. Clement*
insisted that Michelangelo must complete his decorations
cf the SLxtine chapel by painting anew the great end
wall above the altar, adorned until then by frescos of
Perugino. The subject chosen was the Last Judgment,
and Michelangelo began to prepare sketches. For the
ne.xt two years he lived between Rome and Florence, and
in the autumn of 1534, in his sixtieth year, settled finally

and for the remainder of his life at Rome. Immediately
afterwards Pope Clement died, and was succeeded by a
Farnese under the title of Paul III. Even more than his
predecessor, Paul insisted on claiming the main services of
Micjielangelo for himself, and forced him to let all other
engagements drift. For the first seven yiears after the
artist's return to Rome, his time was principally taken up
with the painting of the colossal and multitudinous Last
Judgment. This being completed in 1541, he was next
compelled to undertake two more great frescos, one of the
Conversion of Paul and another of the Martyrdom of Peter,
in a new chapel which tho pope had caused to be built in
tho Vatican, and named after himself Capella Paolina.
The fresco of the Last Judgment in the Sixtine chapel is probably

the most famous single nictyre in the world. In it Michelangelo
shows more than ever the omnipotence of his artistic ecience, and
the fiery daring of his conceptions. Tho work exhibits tho
athletic unclothed human form in every variety and extremity of
hitherto unattempted action and predicament. But of moderation,
as well as of beauty and tenderness, it is almost entirely devoid!
\VTiether from the complexion of his own thoughts, and the
smva indignalio that was native to his breast, or from the influ-
ence of the passionate and embittered theological temper of tho
time, Michelangelo has here neglected tho consolatory aspecU of
Christianily. and iasUted on its terrific aspects almost exclusively.

Neither in the qualities of colour and exccuticn is the work, so lai

,
as tlic condition of either admits comparison, comparable for charm
to the earlier and far more nobly-iiispircd frescos of the ceiling.

It is to these, and not to the Last Judgment, that the student must
' turn if he would realize what is best and greatest in ths art of
' Michelangelo.

I
The frescos of the Pauline Chapel are on their part in part so

injured as to bo ha.-dly susceptible of useful study or criticism.

In their ruined state they bear evidence of the same tendencies that
made the art of ilichelangelo in its latest phase so dangerous
an examidc to weaker men,—the tendency, that is, to seek for

energy and violence of action both in place and out, for "tcrrible-
ness" quand mime, and to design actions not by help of direct

study from nature, but by scientilic deduction from the abstract
laws of structure and movement. At ->est these frescos can never
have been happy examples of Michelangelo's art. .

During the fifteen years (1534-49) when Michelangelo
was mainly engaged on these pain'.ings, he had also at

last been enabled to acquit himself, although in a manner
that can have been sa*isfactory to none concerned, of his

engagements to the. heirs of Julius. Once more the

influence of the pope had prevailed on them to accept a

compromise altogether to their disadvantage. It was
agreed that the Moses executed thirty years before should

be the centrt^l figure of the new scheme ; assistants were
employed to carve two smaller flanking figures of female

personifications; and the three were in 1545 sfjf up in S.

Pietro in Vincoli in combination with an architectural

structure of rich but incongruous design. During the

same years the long-pent human elements of fervour and
tenderness in ilichelangelo's nature had found vent and
utterance such as they had never found before. He had
occasionally practised poetry in youth, and there are signs

of some transient love-passage during his life at Bologna.

But it was 'not until towards his sixtieth year that the

springs of feeling were fairly opened in the heart of this

solitary, this masterful and stern, life-wearied and labour-

hardened man. Towards that age w-e find him beginning
to address impassioned sonnets, of which the sentiment is

curiously comparable to that expressed in some cf Shake-
speare's, to a beautiful and gifted youth, Tommaso Cavalieri.

Soon afterwards he made tho acquaintance of the pious,

accomplished, and high-souled lady'^Vittoria Colonna, widow
of the Marquis Pescara. For twelve years until her death,

which happened in 1547, her friendship was the great solace

of Michelangelo's life. On her, in all loyalty and reverence,

he poured out all the treasures of his mind, and all his im-
prisoned powers of tenderness and devotion. He painted
for her a crucifixion of extraordinary beauty, of which many
imitations but not the original have come down to us. She
was the chief inspirer of his poetry,—in which, along with
her praises, the main themes are the Christian religion, the
joys of Platonic love, and the power and mysteries of art.

Michelangelo's poetical style is strenuous and concentrated
like the man. He wrote with labour and much self-correc-

tion ; we seem to feel him flinging himself on the material
of language with the same overwhelming energy and
vehemence,—the same impetuosity of temperament, com-
bined with the same fierce desire of perfection,—with
which contemporaries describe him as flinging himself on
the material of marble.

And so the mighty sculptor, painter, and poet reached
old age. An infirmity which settled on him in 1544, and
the death of Vittoria Colonna in 1547, left him broken in

health and heart. But his strength held on for many a
year longer yet. His father and brothers were dead, and
his family sentiment concentrated itself on a nephew,
Leonardo, to whom he showed unremitting practical kind-
ness, coupled with his usual suspiciousness and fitfulness

of temper. In almost all his relatione the old man con-

tinued to the end to manifest the .^ame loyal and righteous
heart, accompanied by the same masterful, moody, and
estranging temper, as in youth. Among the artists of
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the younger generation he held a position of absolute

ascendency and authority ; nor was his example, as we
have said, by any means altogether salutary for them.

During the last years of his life he made but few

more assays in sculpture, and those not successful, but

was much employed in the fourth art in which he ex-

celled, that of architecture. A succession of popes de-

jlianded his services for the embellishment of Rome.
For Paul III. he built the palace called after the name of

the pope's family the Farnese. On the death of Antonio

da San Gallo he succeeded to the onerous and coveted

office of chief architect of St Peter's Church, for which he
remodelled all the designs, living to see some of the main
features, including the supports and lower portion of the

great central dome, carried out in spite of all obstacles

According to his plans. Other great architectural tasks on
which he was engaged were the conversion of a portion of

the Baths of Diocletian into the church of Sta Maria degli

Angeli, and the embellishment and rearrangement of the

great group of buildings on the Roman CapitoL At length,

in the midst of these vast schemes and responsibilities, the

heroic old man's last remains of strength gave way. He
died on' the threshold of his ninetieth year, on the 18th of

February 1564.

For the bibliography of Michelangelo, which is extensive, see the
useful thougli very imperfect compilation of Passerini, Bibliografia

di Michelangelo Buonarroti^ &c. , Florence, 1876. The most import-
ant works, taken in chronological order, are the following:— P.

Giovio, supplement to the fragmentary Dialogus de viris litleris

illustribtis, written soon after 1527, first published by Tiraboschi,

JStoria della Letteratura Ualiaiia^ Modena, 1871; G. Vasari, in

ViU degli piii cccellenti archiUttori, piltori, e scuUori, &c.,

Florence, 1550; A. Condivi, Vita di Michelangelo Buonarroti,

1553; this account, for which the author, a pupil and friend of the

master's, had long been collecting materials, was much fuller than
that of Vasari, who made use of it in rewriting his own life of

Michelangelo for his second edition, which appeared after the

master's death (1568). The best edition of Vasari is that by Mila-
nesi, Florence, 1878-83; of Condivi, that by Gori and Mariette, Pisa,

1746. The first additions of importance were published by Bottari,

Eaccolta di lettcrc stilla pittura, &c., Rome, 175i (2d ed., by
Ticozzi, Milan, 1822); the next by Gave, Carleggio inedito, 1840.

Portions of the correspondence preserved in the Buonarroti archives

were published by Guasti in his notes to the Rime di Michelangelo
Buonarroti, 1863, knd by Daelli in Carte Michelangclcsche inedite,

Milan, 1865. Complete biographies of Michelangelo bad been
meanwhile attempted by J. Harford, London, 1857, and with
n'.ore power by Hermann Grimm, Lcbcn Michelangelo's, Hanover
(5th ed., 1879). A great increment of biographical material

was at length obtained by the publication, in the four hundredth
year after Michelangelo's birth, of the whole body of his letters

preserved in the Buonarroti archives,

—

Lettere di Michelangelo

Buonarroti, ed. G. Milanesi, Florence, 1875. This material was
first employed in a connected narrative by A. Gotti, Vita di Micheh
(ingclo, Florence, 1875. Next followed C. Heath Wilson, Life and
Works of Michelangelo Buonarroti, Florence, 1876, the technical

remarks in which, especially as concerns the fresco-paintings, are

valuable. Lastly, the combined lives of Michelangelo and Raphael
by Professor A. Springer in Dohme's series of Kunsl u. KUnstler,

lieipsic, 1878, contain thf best biography of the master which has
yet appeared. Of the poems of Michelangelo the best edition is

that already referred to,—G. Guasti, Rime di Michelangelo Buonar-
roti, 1863 ; in earlier additions the text had been recklessly tampered
with, and the rugged individuality of the master's style smoothed
down. An edition with German translations was published by
Hasenclever, Leipsic, 1875; for the English student the translations

by Mr J. A. Symonds, in Sonnets cf Michelangelo and Cam-
panclla, London, 1878, are invaluable. (S. C.)

MICHELET, Jules (1798-1874), one of. the most
voluminous and remarkable writers of France, and one
who only lacked a keener power of self-criticism to make
him one of the greatest, was born at Paris, August 21, 1798.

He belonged to a family which had Huguenot traditions,

and which was latterly occupied in the art of printing. His
father was a master printer, but seems not to have been
very prosperous, and the son at an early age assisted him
in the actual work of the press. A place was offered him
in the imperial printing office, but his father was able to

send him to the famous Coll(!ge or Lycte Charlemagne,
where he distinguished himself. He passed the university

examination in 1821, and was shortly after appointed to a
professorship or rather mastership of history in the College

RoUin. Soon after this, in 1824, he married. The period
of the Restoration and the July monarchy was one of the
most favourable to rising men of letters of a somewhat
scholastic cast that has ever been known in France, and
Michelet had powerful patrons in Villemain, Cousin, and
others. But, though he was an ardent politician (having
from his childhood embraced republicanism and a peculiar

variety of romantic free-thought), he was first of all a man
of letters and an inquirer into the history of the past.

His earliest works were school books, and they were not
written at a very early age. Between 1825 and 1827 ho
produced divers sketches, chronological tables, A-c, of

modern history. His Precis of the subject, published in

the last^mentioned year, is a sound and careful book, far

better than anything that had appeared before it, and
written in a sober yet interesting style. In the same year
he was appointed maitre de conferences at the £cole

Normale. Four years later, in 1831, the Introduction d,

VHistoire Universelle showed a very different style, exhibit-

ing no doubt the idiosyncrasy and literary power of the

writer to greater advantage, but also displaying the peculiar

visionary qualities which make Michelet the most stimulat-

ing but the most untrustworthy (not in facts, which he
never consciously falsifies, but in suggestion) of all

historians. The events of 1830 had unmuzzled him, and
had at the same time improved his prospects, and put him
in a better position for study by obtaining for him a place

in the Record Office, and a deputy-professorship under
Guizot in the literary faculty of the university. Very
soon afterwards he began his chief and monumental work,

the Histoire de France, which occupied him for about forty

years, and of which we shall speak presently. But he

accompanied this with numerous other works, chiefly of

erudition, such as the CEuvres Choisies de Vico, the ifenioirea

de Luther ecrits par hd-meme, the Oriyines du Droit

Fran^ais, and somewhat later the Proces des Tenqiliers.

1838 was a year of great importance in Miclielet's life.

He was in the fulness of his powers, his studies had fed

his natural aversion to the principles of authority and
ecclesiasticism, and at a moment w'hen the revived activity

of the Jesuits caused some real and more pretended alarm

he was appointed to the chair of history at the College de

France. Assisted by his friend Quinet, he began a violent

polemic against the unpopular order and the principles

which it represented, a polemic which made their lectures,

and especially Michelet's, one of the most popular resorts

of the day. He published, in 1839, a History of the

Roman Republic, but this was in his graver and earlier

manner. The results of his lectures appeared in the

volumes Ze Pretre, la Femme, ei la Famille and Le Peuple.

These books do not display the apocalyptic style which^

borrowed to a certain though no very great extent fronc

Laraennais, characterizes Michelet's later works, but they

contain in miniature almost the whole of his curious cthicoi

politico-theological creed—a mixture of sentimentalism,'

communism, and anti-sacerdotalism, supported by the most

ecceutric arguments, but urged with a great deal of

eloquence. The principles of the outbreak of 1848 were

in the air, and Michelet was not the least important of

those who condensed and propagated them : indeed hi.s

original lectures were of so incendiary a kind that the

course had to be interdicted. But when the actual revolu-

tion broke out Michelet, unlike many other men of letters,

did not at;tempt to enter on acti've political life, and merely

devoted himself more strenuously to his literary work.

Besides continuing the great history, he undertook and
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carried out, during the years between the downfall of Louis

Philippe and the final establishment of Napoleon III., an

enthusiastic Ilistoire de la Rimlution Fran^aise. Despite

or because of its enthusiasm, this is by no means Michelet's

best book. The events were too near and too well known,

and hardly admitted the picturesque sallies into the blue

distance which make the charm and the danger of his

larger work. In actual picturesqueness as well as in general

veracity of picture, the book cannot approach Carlyle's

;

while as a mere chronicle of the events it is inferior to half

a dozen prosaic histories older and younger than itself.

The coup d'etat lost Michelet his place in the Eecord Office,

as, though not in any way identified with the republic

administratively, he refused to take the oaths to the

empire. But the new regime only kindled afresh his

republican zeal, and his second marriage (with Mademoiselle

Adele Malairet, a lady of some literary capacity, and of

republican belongings) seems to have further stimulated

his powers. While the history steadily held its way, a

crowd of extraordinary little books accompanied and

diversified it. Sometimes they were expanded versions of

its episodes, sometimes what may be called commentaries

or companion volumes. In some of the best of them

natural science, a new subject with Michelet, to which his

wife is believed to have introduced him, supplies the text.

The first of these (by no means the best) was Les Femmes

de la devolution (1854), in which Michelet's natural and

inimitable faculty of dithyrambic too often gives way to

tedious and not very conclusive argument and preaching.

In the next, L'OUeau (1856), a new and most successful

vein was struck. The subject of natural history was treated,

not from the point of view of mere science, nor from that

of sentiment, nor of anecdote, nor of gossip, but from that

of the author's fervent democratic pantheism, and the

result, though, as was to be expected, unequal, was often

excellent. L Ituecte, in .the same key, but duller, followed.

It was succeeded by L'Amour (1859), one of the author's

most popular books, and not unworthy of its popularity,

but perhaps hardly his best. These remarkable works,

half pamphlets half moral treatises, succeeded each other

as a rule at the twelve months' interval, and the succession

was almost unbroken for five or six years. L'Amour was
followed by La Femme (1860), a book on which a whole

critique of French literature and French character niight

be founded. Then came La Mer (1861), a return to the

natural history class, which, considering the powers of the

writer and the attraction of the subject, is perhaps a little

disappointing. The next year (1862) the m(5st striking

of all Michelet's minor works. La Sordh-e, made its

appearance. Developed out of an episode of the history,

it has all its author's peculiarities in the strongest degree.

It is a nightmare and nothing more, but a nightmare of

the most extraordinary verisimilitude and poetical power.
This remarkable series, every volume of which was at

once a work of imagination and of research, was not even
yet finished, but the later volumes exhibit a certain fall-

ing off. The ambitious Bible de VHumanite (1864), an
historical sketch of religions, has but little merit. In La
Montagne ( 1 868), the last of the natural history series, the
tricks of staccato style are pushed even farther than by
Victor Hugo in his less inspired moments, though—as is

inevitable in the hands of such a master of language as
Michelet—the effect is frequently grandiose if not grand.
Nos Fils (1869), the last of the string of smaller books
published during the author's life, is a tractate on educa-
tion, written with ample knowledge of the facts and with
p.11 Michelet's usual sweep and range of view, but with
visibly declining powers of expression. But in a book
published posthumously, Le Banquet, these powers reappear
at their fullest. The picture of the industrious and

famishing populations of the Riviera is (whether true to

fact or not) one of the best things that Michelet has done.

To complete the list of his miscellaneous works, two collec-

tions of pieces, written and partly published at different

times, may be mentioned. These are Les Soldata de la

Revolution and Legendes Dgmocraiiques du Nord.

The publication of this series of books, and the comple-

tion of his history, occupied Miehelet during both decades

of the empire. He lived partly in France, partly in Italy,

and was accustomed to spend the winter on the Riviera,

chiefly at Hy^res. At last, in 1867, the great work of hia

life was finished. As it is now published it fills nineteen

volumes. The first of these deals with the early history

up to the death of Charlemagne, the secotid vrith the

flourishing time of feudal France, the third with the 13th

century, the fourth, fifth, and sixth with the Hundred

Years' War, the seventh and eighth with the establishment

of the royal power under Charles VII. and Louis XL The

16th and 17th centuries have four volumes apiece, much

of which is very distantly connected with French history

proper, especially in the two volumes entitled Renaissance

and Reforme. The last three volumes carry on the history

of the 18th century to the outbreak of the Revolution.

The characteristics which this remarkable history shares

with Michelet's other works will be noted presently. At
present it may be remarked that, as the mere division of

subjects and space would imply, it is planned on very

original principles. Michelet was perhaps the first

historian to devote himself to anything like a picturesque

history of the Middle Ages, and his account is still the

most vivid though far from the most trustworthy that

exists. His inquiry into manuscript and printed authorities

was most laborious, but his lively imagination, and his

strong religious and political prejudices, made him regard

all things from a singidarly personal point of view.

Circumstances which strike his fancy, or furnish convenient

texts for his polemic, are handled at inordinate length,

while others are rapidly dismissed or passed over altogether.

Yet the book is undoubtedly the only history of France
which bears the imprint of genius, and in this respect it is

not soon likely to meet a rival.

Uncompromisingly hostile as Michelet was to the empire,

its downfall and the accompanying dieters of the country
once more stimulated him to activity. Not only did he
write letters and pamphlets during the struggle, but when
it was over he set himself to complete the vast task which
his two great histories had almost covered by a History of
the Nineteenth Century. He did not, however, live to carry
it further than Waterloo, and the best criticism of it is

perhaps contained in the opening words of the introduction

to tie last volume—" I'age me presse." The new republic
was not altogether a restoration for Michefet, and his

professorship at the College de France, of which he con-
tended that he had never been properly deprived, was not
given back to him. He died at Hyferes on the 9th of
February 1874, and an unseemly legal strife between his
representatives took place as to his funeraL
The literary characteristics of Michelet are among the most

clearly marked and also among the most peculiar in French litera-
ture. A certain resemblance to Laraennais has been already noted,
and to this may b« added an occasional reminiscence of the manner
of Bossuot. But in the main Michelet, even in the minor details of
style, is quite originr.1 and individual. His sentences and paragraphs
are as different as possible in construction and rhythm from tha
orderly arcliitccture of French classical prose. A very frequent
device of his (somewhat abused latterly) is the omission of the
verb, which gives the sentence the air of a continued interjection.
Elsewhere ho breaks his phrase, not finishing the regular clausa
at all. In these points and many others the resemblance to his
contemporary Carlyle is very striking ; and, different as wera
their points of view, their manners of seeing were by no means
unlike. History to Michelet is always picturesque; it is a seriea
of tableaux. Allusion has been already made to the singular per-



M I C — M I C 237

spective in which these tahle»ux are drawn, a perspective so strange

that a reader unacquainted with the actual size and relation of the

objects rejiresented is certain to be deceived. Nothing indeed is

further from Michelet'i purpose than deceit. Althougti a strong

lepublicau, an ardent anti-sacerdotalist, and a patriot of fanatical

enthusiasm, he is always scrupulously fair as far as ho understands

what he is doing. For instance, his hatred for England and
Englishmen is one of the most comically intense passions in litera-

ture. He is never tired of exclaiming against their diabolical pride,

their -odious jealousy cf France, their calculating covetousness, and

so forth. In his excited imagination the long drama of European

history is a kind of conflict of Ormuzd and Ahriman, in which

France, it is needless to say, plays the first part and England the

second. Yet he is never unfair to English fortitude and coolness,

never (after the childish fashion of some of his countrymen) slurs

over English victories, and often expresses genuine admiration

(mixed, it is true, with a shudder or two of aversion)' for themaster-

ial ways and constantly advancing prosperity of the English people.

So, v/ith all his dislike to the priesthood, he never is chary of praise

to popo or monk whenever it can fairly be given, and, with all bis

republicanism, he is never weary of worshipping the heroism of a

great king. But his poetical fashion of dealing with events, his

exaggeration of trivial incidents iuto great facts of history, his fixed

ideas, especially in reference to the intellectual and social condition

of raediffival times, the evils of which he enormously exaggerates,

and his abiding prejudices of a general kind combine to distort his

accounts in the strangest fashion. A laborious person might pick

out of contem{)orary authors a notable collection of erroneous views

of which Michelet is not so much the author as the suggester, for it

is when his brilliant exaggerations are torn from their context and
set down in some quite other context as sober gospel that they are

most misleading to those who do not know the facts, and most
grotesque to those who do. This is especially the case in regard to

literature. Michelet began his great work too early to enjoy the

benefit of the resurrection of old French literature which has since

taken place ; and though his view of that literature partakes of the

amorous enthusiasm w-hich colours his view of everything French,

it is astoundingly incorrect in detail. The most remarkable passage

of all perhaps is the passage in his Hcnaissance relating to Rabelais,

Konsard, and Du Bellay, a passage so widely inconsistent not only

•with sound criticism but with historic fact that the author(a very rare

thing with him) makes a kind of half apology for it elsewhere. Of
the work of the age of chivalry proper, the chansons de gestes, the

Arthurian romances, the early lyrics and dramas, he evidently knew
but little, and chose to subordinate' what he did know to his general-

theories of the time. Even much later his praise and blame, though
transparently honest, are quite haphazard. Unless, therefore, the

reader be gifted with a very rare faculty of applying the " grain of

salt " to what he reads, or unless he be well acquainted with the

actual facts before coming to Michelet's version of them, he will

almost certainly be misled. But despite this grave drawback
(which attends all picturesque liistory) the value of Miclielet merely
as an historian is immense. Not only are his separate tableaux,

the wonderful geographical sketch of France in the beginning of

the book, the sections devoted to the Templars, to Joan of Arc, to

the Renaissance, to the Camisards, almost unequalled, but the in-

spiriting and stimulating effect of his work is not to be surpassed.

If his reconstruction is often hazardous and conjectural, sometimes
definitely and demonstrably mistaken, and nearly always difficult

to adjust entirely to the ascertained facts, it is always possible in

itself, always instinct with genius, and always life-like. There are

no dead bones in Michelet ; they are if anything only too stirring

and lively. These criticisms apply equally to the minor books,
though these are necessarily fuller of the author's somewhat weari-

some propaganda, and less full of brilliantly painted facts. The
great fault of Michelet as of not a few other modern authors is the
comparatively improvised and ephemeral character of too much of

his work. His immense volume is, much of it, mere brilliant

pamphleteering, much more mere description equally brilliant but
equally liable to pass. Nevertheless he is (especially in French, the
language par excellence of measured and academic perfection) so
characteristic and singular a figure in his turbid eloquence and
fitful flashing insight that he is never likely to lose a place, and a
notable one, in literary history.

Almost all Michelet's works, the exceptions being his translations,
(ompllations, &c., are published in uniform size and in about fifty

volumes, partly by Marpon and Flammarion, partly by Calmann
^pvy. (G. SA.).

MICHELL, John, an eminent English man of science

of the 18th century. He received his university education
at Queen's College, Cambridge. His name appears
fourth in the Tripos list for 1748-49 ; and in 1755 he vra.s

moderator in that examination. He was a fellow of his

college, and became successively Woodwardian professor

of geology (in 1762) and rector of Thornhill ia Yorkshire.

He was elected a member of the Royal Society in the same
year as Henry Cavendish (1760). He died in 1793. In

1750 he published at Cambridge a small work of some
eighty pages, entitled A Treatise of Artificial Magnets, in

which is shofwn an easy and expeditious method of vviking

them superior to the best natural ones. Besides the descrip-

tion of the method of magnetization which still bears his

name, this work contains a variety of acute and accurate

magnetic observations, and is particularly distinguished by
a lucid exposition of the nature of magnetic induction.

He is now best known as the original inventor of the torsion

balance, which afterwards became so famous in the handa
of its second inventor Coulomb. Michell described it in

his proposal of a method for obtaining the mean density

of the earth. He did not live to put his method into

practice ; but this was done by Henry Cavendish, who
made, by means of Michell's apparatus, the celebrated

determination that now goes by the name of Cavendish's

experiment {Phil. Trans., 1798).
Michell's other contributions to science are—" Conjectures con-

cerning the Cause and Observations upon the Phenomena of Earth-
quakes," Phil. Trans., 1760; "Observations on the Comet of
January 1760 at Cambridge," lb., 1760 ;

" A Recommendation of

Hadley's Quadrant for Surveying," lb., 1765 ;
" Proposal of a

Metliod for measuring Degrees of Longitude upon Parallels of the
EoHator,". 76. , 1766 ; "An Inquiry into the Probable Parallax and
Magnitude of the Fixed Stars,'' lb., 1767 ;

" On the Twinkling of

the Fixed Stars," lb., 1767 ; "On the Means of Discovering the
Distance, Magnitude, &c., of the Fixed Stars," lb., 1784.

MICHELOZZI, MiCHELozzo (1391-14721), was a
Florentine by birth, the son of a tailor, and in early life a
pupil of DonateUo. He was a sculptor of some ability in

marble, bronze, and silver. The statue of the yoimg
St John over the door of the Duomo at Florence, opposite

the Baptistery, is by him ; and he also made the beautiful

silver statuette of the Baptist on the altar-frontal of San
Giovanni. Michelozzi's great friend and patron was Cosimo
I. dei Medici, whom he accompanied to Venice in 1433
during his short exile. While at Venice, Michelozzi built

the library of San Giorgio Maggiore, and designed other

buildings there. The magnificent Palazzo dei Medici at

Florence, built by Cosimo, was designed by him ; it is one
of the noblest specimens of Italian 15th-century architec-

ture, in which th^ great taste and skill of the architect has

combined the delicate lightness of the earlier Italian Gothic

with the massive stateliness of the Classical style. With
great engineering skill Michelozzi shored up, and partly

rebuilt, the Palazzo Vecchio, then in a ruinous condition,

and added to it many important rooms and staircases.

\^Tien, in 1437, through Cosimo's liberality, the monastery

of San JIarco at Florencewas handed over to the Dominicans
of Fiesole, Michelozzi was employed to rebuild the domestic

part and remodel the church. For Cosimo I. he designed

numerous other buildings, mostly of great beauty and
importance. Among these were a guest-house at Jerusalem,

for the use of Florentine pilgrims, Cosimo's summer villa

at Gareggi, and the strongly fortified palace of Cafagiuolo

in MugeUo. For Giovanni dei Medici, Cosimo's son, he

built a very large and magnificent palace at Fiesole. In

spite of Vasari's statement that he died at the age of

sixty-eight, he appears to have lived till 1472. He is

buried in the monastery of San Marco, Florence. Though
skilled both as a sculptor and engineer, his fame chiefly

rests on his architectural works, w*hich claim for him a

position of very high honour even among the greatest names

of the great 15th-century Florentines.

MICHIGAN, one of the States of the American Union;

situated in the region of the great lakes. It lies between
41° 42' and 47° 32' N. lat., and 82° 24' and 90° 31' W.
long., the centre of the State being 670 miles north of west

from New York, the nearest point on the seaboard. The
area is 58,915 square miles. The State consists of two
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natural divisions, known as the Upper and tlie Lower

Peninsula. The Upper or Northern Peninsula is bounded

on the N., E., and S. by Lakes Superior, Huron, and

Michigan, and on the W. by the river St JIary and the

State of Wisconsin. The Lower Peninsula is bounded on

the W., N., and E. by Lakes ilichigan, Huron, St Clair,

and Erie, and the St Clair and Detroit rivers, and on the

£5. by the States of Ohio and Indiana. The general contour

of the Lower Peninsula approaches that of a horse-shoe,

with an average width of about 200 miles from east to

west and a length of about 300 miles from north to south.

Its surface gradually rises in gentle undulations from the

surrounding lakes to an elevation of about 400 feet above

Lake Huron, no point reaching an altitude of more than

600 feet. The Upper Peninsula is inuch more rugged in

contour and surface, at some points reaching an elevation

of about 1100 feet. The territory was originally covered

with forests, with only here and there a small open prairie.

It abounds in fine inland lakes, with areas varying from

a few acres to several miles. The rivers are not large

enough to be navigable, but they afford ample water-power,

and are particularly valuable for floating down the logs of

the lumbering districts. The coast-line of the State is not

less than about 1600 miles in length ; and along the whole

of this distance .vessels of 2000 tons may pass without

losing sight of land.
"• Geological Formation.—The Lower Peninsula occupies

the central part of a great basin, the borders of which
extend to the east as far as London, Ontario, and to the

west as far. as Madison, Wisconsin. Within these limits

the traveller starting in any direction from the centre of

the State encounters successively the outcropping edges

of older and older strata. The whole series has been
likened to a nest of wooden dishes ; it embraces not

only the Laurentian and Huronian systems but also

the numerous groups that go to make up the Silurian,

the Devonian, the Carboniferous, and the Quaternary
systems. These several formations are covered almost

universally with a drift of finely comminuted and triturated

rock, borne thither by moving glaciers and floating

icebergs, or washed to its present position by currents

of water, while the surface was still submerged. This
loose material varies in thickness, sometimes extending to

a depth of 200 or 300 feet. While the lower formations

contain almost inexhaustible deposits of copper, iron,

gypsum, and salt, the surface soU is pre-eminently fertile,

uniting all the mineral constituents necessary fo^ the most
luxuriant growth of plants. There are limited areas of

light and somewhat sterile drift soil ; but even these

have shown themselves under proper treatment to be
capable of yielding a rich vegetation. Por the most
part the drift soil is composed of a mixture of clay

with sand and gravel. It is easily cultivated, is retentive

of moisture, and is suflSciently porous to prevent the injury
of crops by excessive rains.

Climate and Natural Proaucts.—The mean temperature
of Lansing, the capital of the State, as determined by
observations extending through eighteen years, is 46°'71

Fahr., or about the same as that of Berlin. During the
summer months the mean temperature is nearly the same as

that of Vienna ; in the winter it is nearly that of Stockholm.
The annual rainfall during the eighteen years previous to

1882 was about 31 inches. This is very evenly distributed

throughout the year, though a little more than half the
imount falls in the five months from May to October.
The average snowfall in the centre of the State is about 4
feet, though it is seldom that more than 1 2 inches lie on the
ground at any one time. The winter temperature is much
modified by the open water of the adjacent lakes. The
aevere winds are commonly from the west and north-west

:

but in sweeping across the open waters of Lake Michigan

they are so far softened as to make the climate much
milder than that found in the same latitude on the western

side of the lake. This peculiarity is specially favourable to

the growth of fruits. Peaches are grown successfully along

the 45th parallel, and figs thrive in the open air in lat. 42J°.
The modifying influence of the lake winds also gives great

variety to the flora. The predominant woods are oak, maple,

beech, elm ash, cherry, hickory, walnut, basswcod, and pine.

All these grow luxuriantly in the vast forests of the State,

and afford an abundant supply of the best timber. There are

16.5 species of trees and shrubs indigenous to Michigan;

and the entire flora of the State makes a list of 1634
species.

Cereals and Fi-uits.—The most important crop of Michigan

is wheat, and the average yield per acre, as si own by the

late-st census, is greater than that of any other itata in the

Union. The acres sown in 1879 were reported a/ 1,S22,749,

and the amount produced as 35,532,543 hushels. These

figures show that Michigan is fourth in rank o t the wheat-

producing States, the number of bushels g/own being

exceeded by the erops of Illinois, Ohio, and Indiara. In

1879 the yield in bushels of the other princinal ce.-eals is

shown by the following figures :^Indian corn, 32,461,452
;

oats, 18,190,793; barley, 1,204,316; rye, 29'^918; buck-

wheat, 413,062; clover seed,- 313,063 ; petfse, 538,332.

The crop of potatoes in the same year wis 8,025,475
bushels, and the hay amounted to 1,051,115 tons. Of
the fruits grown in the State apples are the most important,

and these are believed to be unsurpassed iii excellence in

any country in the world. The sales hi 1880 %.^to

4,834,936 bushels, a considerable quantity going to the

markets of Europe. Next in importance is '/he peach crop,

annually gathered from more than fifty of the counties of

the State. In 1880 the peach orchards were reported as

covering 12,908 acres, and the fruit sold as amounting to

413,418 bishels. The long coast-line of Lake Michigan

affords easj' access to market even for the most perishable

fruits. Besides the facilities thus afforded, the railroads

that now thread the State, with an aggregate length in

March 1882 of 4332 miles, afford abundant means of

rapid transportation. As the fruit belt extends from north

to south nrore than 200 miles, the danger of disastrous

competition in the markets is obviated by prolongation of

the season of ripening. At the meeting of the State

Horticultural Society held in 1881 it was. reported that

the average value of the peach crop per acre was above

$125. The ten volumes of the Transactions of the State

Horticultural Society published .since its organization in

1870 show tliat the development of fruit culture -nathin

the last decade has been much more rapid than in any
other State.

.Lumber.—The timber produce in Michigan is of superior

quality, and the amount is so great that about two-thirds

of the best lumber sold in New York, Philadelphia; and
Boston go out from its mills. The logs are borne along

the lakes, rivers, and small watercourses to the booms of

mills situated at convenient points, where the lumber is

sawed and shipped for the different markets of the world.

Of these manufacturing districts those knovm as the

Saginaw, the Grand River, and the Muskegon vaUeys are

the most important. The Saginaw receives the waters of

the Tittabawasse, the Cass, the Flint, the Shiawasse, the

Bad, the Pine, the Chippewa, the Tobacco, and their

numerous tributaries, draining a vast region that still yields

an undiminished supply of pine. The forests of the western
parts of the State are easily accessible by the Grand River
and its tributaries, while those still farther north find a
natural outlet through the numerous streams that flow into

Lake Michigan. On the banks of these watercoursec i are
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some of the largest and finest mills of the world. In 1854,

when the first effort was made to collect statistics of this

industry, it was found that there were only sixty-one mills

in operation, and that the entire annual product was only

108,000,000 feet. Eighteen years later, in 1872, it was

estimated that the annual product was not less than

2,5fiO,000 feet of oak, 12,700,000 of staves, 300,000,000

lath, 400,000,000 shingles, and 2,500,000,000 of sawed

pine. The number of saw-mills had already re-ached about

1500, the number of persons employed 20,000, and the

capital represented §25,000,000. In 1881 the manufacture

of pine lumber amounted to 3,919,500,000 feet, the value

of which exceeded $60,000,000. The aggregate value of

the forest products of the State was estimated in 1881

to have reached more than 81,000,000,000. Forestry

Bulletin, No. 6, issued December 1, 1881, estimated the

amount of standing white pine of merchantable quality at

35,000,000,000 feet, and the amount of standing hard

wood at 700,000,000 cords. Besides these amounts, the

same authority estimates the amount of hemlock at

7,000,000,000 feet, with 7,000,000 cords of bark, and an
aggregate of 70,000,000 of cedar and tamarack. It is

probable that before many years the hard wood produced

by the State will approach in value the figures representing

the value pf the pine now sent to the markets of the world.

It is probable that Michigan for many years to come will

maintain its precedence as a lumber-producing State.

Mimral Resources.—Of the mineral products cf Michigan

the most important is iron. As early as 1842 the report

of the first State geologist, Dr Douglas Houghton, called

attention to the presence of hematite ore, though for a

considerable time after this it was not found in such

quantities as to make it certain that mining could be made
profitable. Before 1860, however, it became known that

iron in the Upper Peninsula not only existed in vast

quantities, but also that it was of superior quaUty. From
that time iron-mines were rapidly developed, until in

1881 they had come to exceed in value, though not in

amount, even the products of Pennsylvania. In 1880

the product was 1,834,712 tons, with a value at the mines

of §6,034,648, as against the yield in Pennsylvania of

2,185,675 tons, with a value of $5,517,079. The product

of Michigan in 1882 was 2,948,307 tons of ore, with a

market value of about $25,000,000. The Michigan

minerals are of extraordinary richness,—62'9 per cent,

being the average of the first-class ores, while the furnace,

books often show a much higher yield.

Next in importance to the iron-mines are those ot copper.'

These are also situated in the Northern Peninsula, in the

mountain range of trappean rocks which crown the point

of land extending northwards into Lake Superior. TJiis

secondary peninsula or cape, known as Keweenaw Point,

rises to an average height of about 600 feet above the lake,

the highest pinnacles reaching nearly double that altitude.

This point contains what are believed to be the richest

copper-mines ever discovered ; the metal is not found as

an ore, but as virgin copper alruost chemically pure. It

has only to be separated from its rocky matrix, when it is

ready for the market. The largest of the copper-mines,

that at' Calumet, has built up an industry which employs

2000 men, and its total product of refined copper in 1882
was no less than 50,770,719 lb, or one-eighth of the

annual production of copper in the world. In quality the

copper of the Lake Superior district is such that it com-

mands the highest price at home and abroad. Its tenacity

is remarkable, and therefore it is eagerly sought after for

cartridges by all the great military powers. In 1882 the

copper-mines paid dividends amounting to $2,900,000,

—

making an aggregate of $28,248,000 since they were

opened.

Within a few years 'he salt-works of Michigan have also
come to exceed those of any other State in the Union
The first well was sunk in 1859-60, but in 1882 the pro^
duction was found to have exceeded that of the famous
works in New York, and to 'have amounted in that year
to no less than 3,204,921 barrels. The extraordinary
development of this industry is duo to several cau.->es. A
careful system of inspection by State authority has kept
its salt unsurpassed in purity. _The salt basin is not only
accessible by navigable water.s, so as to have the advantage
of cheap transportation, but the well* are situated in the
great lumber-producing districts, and the manufacture is

thus carried on at very small expense, in connexion
with the saw-mills. The power is furnished by the same
engines, the exhausted steam is used for the evaporation
of brine during the day, and during the night evapora-
tion is still carried on by means of refuse wood and saw-
dust, while the staves for barrels are made from rejected
timber. By this system the best quality of salt is obtained
at a minimum expense. The chief reservoir of salt is the
series of sandstones and shales constituting the Waverly
group. This salt-producing rock covers no less than about
8000 square miles, and it is safe to presume that the supply
is inexhaustible. The average depth of the wells is about
800 feet, but in some localities wells sunk to nearly 2000
feet have been remunerative. Important salt-works have
recently been developed in the western part of the State.

There are also certain other minerals of considerable

importance. Deposits of gypsum, easily accessible, prac-

tically inexhaustible in quantity, and superior in quality,

are found in several locahties both in the eastern and in

the western parts of the Lower Peninsula. In the outskirts

of Grand Rapids the deposit crops out at the surface, and at

an average depth of from 40 to 70 feet extends over an
area of 10 or 12 square miles. The rock is easily quarried,

and is either ground for use as a fertilizer or calcined into

plaster of Paris. The deposits of coal are supposed to

cover about 8000 square miles, but as yet the product

at any one point has not been very considerable. In

quality the coal is highly bituminous, and is not sufficiently

pure to be useful for smelting or for the manufacture of

gas. For these reasons the stock of coal in the State is

practically untouched. If future exi)loration3 and experi-

ments should make these deposits available, a new era in

the manufacture of iron will be the result. At present

the coal for smelting the Lake Superior ores is brought

chiefly from Ohio and Pennsylvania. Quarries of lime-

stone and of sandstone have been opened in various parts

of the State. The brown stone of the L'pper Peninsula is

of excellent quality, and is capable of receiving a high

finish. The supjily is inexhaustible, and the accessibility

of the quarries by water gives promise of a thriving

industry. The grindstones taken from the Huron county

quarries are of superior quality, and the slates found in

unlimited quantities on the shores of the Huron Bay are

unsurpassed in point of durability and colour. Qays and

sands of commercial value are found in great abundance.

Though the manufacture of glass is yet in its infancy,

sands in large quantities have been discovered in Monroe

county suitable for the manufacture of plate glass of excel-

lent quality. Brick and tile clays arfi found in all parts of

the State.
" Though native silver has been found in sniall

quantities in the Upper Peninsula, the systematic mining

of this metal has not yet been carried on with successful

results. The Report of the commissioner of mineral

statistics for 1882 shows that, except as to coal, Michigan

is the foremost of all the Stated in mineral wealth.

Fisheries.—The g Dgrai'liifol po^tiou of Michigan explains the

fact that its fresli-water fisheries are the most productive in the

United Slates. The most important varieties of fish aro lako-trout,
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«tt]rg«OD, bass, pickerel, herring, broolt-tront, grayling, and wbita-

fish. General laws for the protection of fish hare been passed ; and
> fish commiaaion has been maintained for eome years for the

purpos"" of propagating the best varieties and planting them in

waters adapted tft their natural development Up to the close of

1880 the commissioners had planted about 80,000,000 young white-

fish, 1,000,000 silver eels, 1,000,000 lake-trout, 2,000,000 salmon,

and 500,000 brook-trout, besides smaller numbers of shad, grayling,

pike, and bass. Excellent results have followed, especially in the

multiplication of white-fish, s-tlmon, and eels. In 1879 the total

"Uke" was 24,013,100 lb, of which 12,902,250 lb were white-fish,

the most valuable lake-fish known to epicures and to commerce.
During winter large quantities preserved by freezing are taken to

Eastern markets, where they are readily sold at a high price.

Educatiojial Institutions.—As early as 1785 the law of congress

which provided for the sale of lands north of the Ohio river reserved

for the support of public schools "section 16 "of each township.

This fundamental law devoted to educational purposes one-thirty-

tizth of all the lands of that vast domain known as the north-

western territory. The "ordinance of 1787," by which this

territory was organized, further provided that "schools and the

means of edi^cation shall for ever be encouraged." In 1826 this

congressional action was supplemented by a grant to Michigan of

two townships of land for the founding and support of a university.

When Michigan became a State in 1837, its educational policy took

definite form. The constitution provided, not only that the grant

of "section 16" should be devoted exclusively to the support of

schools of the primary grade, but also that the State and not each

township should bo the custodian of the lands so appropriated.

The constitution expressly provided that the proceeds from the

sale of "school lands"' should be held by the State as a perpetual

fund, the interest of which should be annually applied to the sup-

Sort of primary schools. The lands devoted to school purposes in

licbigan under these provisions amounted to 1,077,209 acres, of

which, in September 1881, 675,000 acres had been sold. On the

sum realized by these sales, §3,095,679, the State pays interest at

7 per cent., and the resulting income, amounting to $216,64.'i, is

annually distributed to the scliools. This source is supplemented
from local taxes, so that in 1881 the total sum realized from all

sources for the primary schools was §3,644,778.
The schools organized under State law are known as graded and

ungraded. In the small districts where the schools are under the

charge of but one or two teachers, grading is impracticable. Of
ungraded districts there were in 1881 6120, attended by 219,570
children, while the graded schools were 404 in number, with an
attendance of 152,043. The school census includes all children

between the agesof five and twenty, amounting in 1881 to 518,317, of

whom there was an average attendance of 391,401. To all children

of school age the public schools are free, though a fee may bo re-

quired for advanced studies in the high schools. The immediate
administration of the schools is entrusted to school ofiicers elected

annually by the tax-payers of the individual districts. The State
constitution requires that a free school shall bo in session at least

three months of every year in each district. In districts of more
than 30 and less than 600 children, the law requires at least five

months of school ; while in districts of more than 800 children,
the session must be not less than nine months in length. In the
graded schools the division is into primary schools, grammar schools,
and_ high schools, each of these divisions retaining the scholar
ordinarily four years. At the end of the course the student is ready
for the university, to which, under certain restrictions provided by
the university itself, he is admitted on diploma from the high
echool. The university of Michigan, situated at Ann Arbor, was
first opened for instruction in 1841. It now (1883) consists of the
departrncnt of literature, science, and the arts, the department
of medicine, the department of law, the college of homceopathic
medicine, the school of pharmacy, tho college of dental surgery,
and the school of political science. Connected with the medical
departments are the State hospitals. In 1881-82 there were 86
officers of instruction and 1534 students. The total income for tho
year 1879-80 from Federal grant. State grants, and fees was
$231,339. Tho general control of the university is placed in the
haiids of eight regents elected by popular sutfrago at tho biennial
spring elections, two regents being chosen at each election. The
normal school, situated at YpsUanti, and generously supported by
the State, may be said to complete tho school system.

Charitable and Reformatory InstiltUions.—A school for the deaf,

dumb, and blind, instituted under an Act passed in 1848, is situated
at Flint, about 60 miles north-west of Detroit ; in February 1882 it

had 249 pupils. In 1879 a distinct school for tho training of tho
blind was established at Lansing. Tho ";tate public school for

dependent and neglected children" is devoted to the systematic
education of such ctiildren as otherwise would have to be maintained
in the county poorhouses. Tho pupils are diWded into "families"
of about thirty each, and are carcu for in sc arate cottages, each
cottage bei.ng under tho charge of a "cotti ,'o manager." Tho
achooi receives dependent childroa of sound health, and free from

contagious disease ; and it is made tho duty of the officers having

charge of the poor to send all such children between the ages of

three and twelve to it. This institution, tho pioneer of its kind,

and one of the most useful of charitable schools, is situated at Cold-

water, 132 miles south-west of Detroit. In February 1882 there

were 320 children and 21 officers and teachers. The "Reform

School" at Lansing is designed to reclaim juvenile offenders who
have been convicted of some offence. A farm of 224 acres connected

with the school is, in considerable part, tilled by the boys. The
number of inmates in February of 1882 was 325. A similar school

at Adrian has recently been instituted for girls. There are State

asylums for the insane at Kalamazoo (715 patients) and Pontiac

(499 patients). The legislature of 1881 provided for the establish-

ment of an additional asylum in one of the northern counties of tho

Lower Peninsula,

Population.—la 1837 the State had 174,647 inhabitants. Tho
numbers according to the different census returns from 1840 are

given in the following table ;

—

Ceii8U3.
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Ann'-inl Report of tfir Saperintendent of Public Jnttfvctton of the State of ifichttjan

for the year 18S1 ; Reports of Ifte Geologifat Sureet/ of the Stale of Utehioan,
18G9-80, 4 vols. ; Sp'cia! Report of Commissioner qf Mineral Slatislics, Murch
1883 ; Foratrn Etilletins for 188L (C. t. AJ

MICHIGAN, Lake. See St Lawrence.
MICHIGAN CITY, a town of the United States, in

Laporte county, Indiana, on the south-east shore of Lake
Michigan, 40 miles east-south-east of Chicago. As a

lake-port and a junction for several railroads, it is a

place of considerable prosperity. It is the largest lumber-

market in the State, and one of the largest in the west,

and has numerous manufacturing establishments. The
northern State prison (with 577 convicts at the close of

1880) is one of the principal buildings. The population

increased from 3985 in 1870 to over 10,000 in 1883.

/ MICHMASH (t^'??P, DO?P), the scene of one of the

most striking episodes in Old Testament history (1 Sam.
xiv., comp. vol. xii. p. 403), was a place in Benjamin,

about 9 Roman miles north of Jerusalem {Onom., ed. Lag.,

p. 280). Though it did not rank as a city (Josh, xviii.

21 sj.), Michmash was recolonized after the exile (Neh. xi.

31), and, favoured by the possession of excellent wheat-

land {Mishna, Men. viii. 1), w.^s still a very large village

(Max/cas) in the time of Eusebius. The modern MakhmAs
is quite a small place.

The historical interest of Michmash is connected with the

strategical importance of the position, commanding the nortli side

of the Pass of Micliraash, which made it the headqimrters of the

Philistines and the centre of their forays in their attempt to quell,

the first rising under Saul, as it was also at a later date the head-

quarters of Jonathan the Hasmonjean (1 Mac. ix. 73). From
Jerusalem to Mount Ephraim there are two main routes. The pre-

sent caravan road keeps the higli ground to the west near the water-

shed, and avoids the Pass of Michmash altogether. But another

route, the importance of which in antiquity may be judged of from

Isa. X. 28 sg., led southwards from Ai over an undulating plateau to

Michmash. Thus far the road is«asy, but at Mifhmash it descends

into a very steep and rough valley, which has to be crossed before

reascending to Geba.' At the bottom of the valley is the Pass of

Michmash, a noble gorge with precipitoos craggy bides. Ou Xbv
north the crag is crowned by a sort of plateau sloping backwards
into a round-topped hill. . This little plateau, about a mile east of

the present village of Makhmas, seems to have been the post of

the Philistines, lying close to the centre of the insurrection, yet

possessing unusually good communication with their establishments

on Mount Epliraim by way of Ai and Bethel, and at the same time

commanding the routes leading down to the Jordan from Ai and
from Michmash itself.

MICKIEWICZ, Adam (1798-1855), Polish poet, was
born in 1798, near Nowogrodek, in the present government

of Minsk, where his father, who belonged to the schlachta

or lesser nobility, had a small property. The poet was
educated at the university of Vilna ; but, becoming
involved in some political troubles there, he was forced

to terminate his studies abruptly, and was ordered to live

for a time in Russia. He bad already published two small

volumes of miscellaneous poetry at Vilna, which had been

favourably received by the Slavonic public, and on his

arrival at St Petersburg he found himself admitted to the

leading literary circles, where he was a great favourite both

from his agreeable manners and his extraordinary talent

of improvisation. In 1825 he visited the Crimea, which

inspired a collection of sonnets in which we may admire

both the elegance of the rhythm and the rich Oriental

colouring. The most beautiful are The Storm, Bakchi-

serai, and Grave of the Countess Potoclca.

In 1828 appeared his Konrad Wallenrod, a narrative

poem describing the battles of knights of the Teutonic

order with the heathen Lithuanians. Here, under a thin

veil, Mickiewicz represented the sanguinary passages of

arms and burning hatred which had characterized the long

feuds of the Russians and Poles. The objects of the poem,

although evident to many, escaped the Russian censors,

' So Isa. .X. 28 descriljes the invader as leaving his heavy baggage

at Micfonash uefore pushing on through the pass.

lG-11

and it was suffered to appear, although the very motto,

taken from Machiavelli, was significant ;
" Dovele adunque

feapcrtj come sono duo generazioni da combattere . . .

bisogna essere volpe e leone." After a five years' exile in

Russia the poet obtained leave to travel ; he had secretly

made up his mind never to return to that country or Poland
so long as it remained under the government of the

Muscovites. Wending his way to AVeimar, ho there made
the acquaintance of Goethe, who received him cordially,

and, pursuing his journey through Germany, he entered

Italy by the Spliigen, visited Milan, Venice, and Florence,

and finally took up his abode at Rome. There he wrote

the third part of his poem Dnadi/, the subject of which is

the religious commemoration of their ancestors practised

among Slavonic nations, and Pan Tadeus:, his longest

poem, by many considered his masterpiece. A graphic

picture is drawn of Lithuania on the eve of Napoleon's

expedition to Russia in 1812. In 1832 Mickiewcz left

Rome for Paris, where his life was for some time spent

in poverty and unhappiness. He Lad married a Polish

lady, Selina Szymanowska, who became insane. In 1840
he was appointed to the newly founded chair of Slavonic

languages and literature in the College de France, a post

which he was especially qualified to fill, as he was now
the chief representative of Slavonic literatiire, Poushkin
having died in 1837. He was, however, only destined to

hold it for a little more than three years, his last lecture

having been given on the 28th of May 1844. His mind
had become more and more disordered under the influence

of religious mysticism. His lectures became a medley of

religion and politics, and thus brought him under the censure

of the Government. A selection of them has been published

in four volumes. They contain some good sound criticism,

but the philological part is vjry defective, for Mickiewicz

was no scholar, and he is obviously only well acquainted

with two of the literatures, viz., Polish and Russian, the

latter only till the year 1830. A very sad picture of the

declining days of Mickiewicz is given in the memoirs of

Herzen. At a comparatively early period the unfortunate

poet exhibited all the signs of premature old age ;
poverty,

despair, and domestic affliction had wrought their work
upon him. In 1849 he founded a French newspaper,

La Tribune des Peup/es, but it only existed a year. The

restoration of the French empire seemed to kindb his

hopes afresh ; his last composition is said to have been a

Latin ode in honour of Napoleon III. On the outbreak

of the Crimean War he was sent to Constantinople to assist

in raising a regiment of Poles to take service against the

Russians. He died suddenly there in 1855, and his body

was removed to France and buried at Montmorency.

Mickiewicz is held to have been the greatest Slavonic poet, with

the exception of Poushkin. Unfortunately iu other parts of Europe

he is but little known; he wiites in a very difficult language, and

one which it is not the fashion to learn. There were both pathoj

and irony in the expression used by a Polish lady to a foreigner,

" Nous avons notre Mickiewicz k nous." He is one of the best pro-

ducts of the so-called romantic school. The Poles had long

groaned under the yoke of the classicists, and the country was full

of legends and picturesque stocies which only awaited the coming

poet to put them into shape. Heuce the great poijulanty among

his countrymen of his ballads, each of them being connected with

some national tradition. Besides Konrad Wallenrod and Pan

Tadcusz, attention may be called to the poem Grazyna, which

describes the adventures of a Lithuanian chieftainess agaiiyt the

Teutonic knights. It is said by Ostrowski to have inspired the

brave Emilia Plater, who was the heroine of the rebellion of 1830,

and after having fought in the racks of the insurgents, found a

grave in the forests of Lithuania. A fine vigorous Oriental piece is

Farija. Very good too are the odes to Youth and to the his-

torian Lelewel ; the former did much to stimulate the efforts of the

Poles to shake off then- Russian conquerors. It is enough to eay

of Mickiewicz that he has obtained the proud position of the repre-

sentative poet of his country ; her customs, her superstitions, her

history, her struggles are reflected in bis works.
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MICKLE, William Julius (1734-1788), son of tbe

minister of I^ngliolm, Dumfriesshire, holds a respectable

place among the imitative minor poets of the 18th century.

He wrote a poem on Knowledge—carefully versified,

pointing a moral on the vanity of intellectual pride—

at the ago of eighteen, entered . into business as a brewer

at his father's request and against his own inclinations,

soon became bankrupt, went to London on outlook for

work as a man of letters, solicited patronage in vain,

earned a living hardly by vniting for magazines, made

some impression in 1765 by "a poem in the manner of

Boenser" called the Con<rM6ine (afterwards Syr Martyn),

was appointed corrector to the Clarendon Press, and finally

took a place among the leading poets of that very barren

time by a translation of the Lusiadoi Caraoens into heroic

couplets (specimen published 17 J 1, whole work 1775).

So great was the repute of the work that when Mickle

—

appointed secretary' to Commodore Johnstone—visited

Lisbon in 1779 the king of Portugal gave him a public

reception. As a translator of Camoens Mickle has been

superseded, but ho aimed, not at close rendering of the

original, but at making a poem which should be worthy of

a permanent place in English literature. This ambition

he was not capable of fulfilling, though he had great

fluency and vigour. It may be doubted whether the

fashionable forms which he imitated were the best suited

to his natural gifts. He shows delight in lively action, a

Bense of dramatic effect, and, in the Coticuhine, the sub-

stance of which might have been conceived by Crabbe,

considerable fulness of detaU in coarse realistic painting.

Certainly, if the Scottish poem There '$ nae luck aboot the

hoose was Mickle's, he mistook his medium. Scott read

and admired Mickle's poems in his youth, and, besides

founding Kenilworth on the ballad of Cumnor Hall, was a

good deal influenced by him in style;, Jlickle's prose Is

lively and vigorous.'

MICROMETER, an instrument" generally applied to

telescopes and microscopes for measuring small angular

distances 'with the former or the dimensions of small

objects with the latter.

Before the invention of the telescope the accuracy of

astronomical observations was necessarily limited by the

angle that could be distinguished by the naked eye. The
angle between two objects, such as stars or the opposite

limbs oY the sun, was measured by directing an arm
furnished with fine " sights " (in the sense of the " sights

"

of a rifle) first upon one of the objects and then upon the

other, or by employing an instrument having two arms
each furnished with a pair of sights, and directing one
pair of sights upon one object and the second pair upon
the other. The angle through which the arm was moved,
or, in the latter case, the angle between the two arms, was
read ofi' upon a finely graduated arc. With such means no
very high accuracy was possible. Archimedes concluded
from his measurements that the sun's diameter was greater

than 27' and less than 32' ; and even Tycho Brahe was so
misled by his measures of the apparent diameters of the
sun and moon as to conclude that a total eclipse of the sun
was impossible.! Maestlin in 1579 determined the relative

positions of eleven stars in the Pleiades (Historia Ceeleslis

Lucii Baretli, Augsburg, 1666), and Winnecke has shown
(Monthly Notices R. A. S., vol. x.xxi.T. p. 146) that the
probable error cf t^fi-so mp^snrpa amounted to about
±2'.2

' Orant, Hisiory of Physical Astronomy, p. 449. _.

* This i3 an astonishing accuracy when the difficulty of the objects
is consiJereU. Few persons can see with the naked eye—much less
measure—more than six stare of the Pleiades, although all the stars
measured by Maestlin have been seen with the naked eye by a few
iujividuaj* of e^tceptional powers of eye-sight

The invention of the telescope ar once extended the

possibilities of accuracy in astronomical measurementa*

The planets were shown to have visible disks, and to be-

attended by satellites whose distance and position angle

relative to the planet it was desirable to measure. It

became, in fact, essential to invent a "micrometer" for

measuring the small angles which were thus for the first

time rendered sensible. There is now no doubt that

William Gascoigne, a young gentleman of Yorkshire, wa»

the first inventor of the micrometer. Crabtree, a friend of

his, takinf a journey to Yorkshire in 1639 to see Gascoigne,

writes thus to his friend Horrocks. " The first thing Mr
Gascoigne showed me was a large telescope amplified and

adorned with inventions of his o-\vn, whereby he can taka

the diameters of the sun and moon, or any small angle in.

the heavens or upon the earth, most exactly through the

glass, to a second." The micrometer so mentioned fell

into the possession of Mr Richard Townley of Lancashire,

who exhibited it at the meeting of the Royal Society held

on the 25th July 1667.

The principle of Gascoigne's micrometer is that tw»

pointers, having parallel edges at right angles to th«

measuring screw, are moved in opposite directions sym.

metrically with and at right angles to the a-xis of th>-

telescope. The micrometer is at zero wheft the two edge,

are brought exactly together. The edges are then separatee

till they are tangent to the opposite limbs of the disk oi

the planet to be measured, or till they respectively bisect

two stars, the angle between which is to be determined.

The symmetrical separation of the edges is produced and
measured by a single screw ; the fractious of a revolutioQ

of the sdrew are obtained by an index attached to one end
of the screw, reading on a dial divided into 100 equal

parts. The whole arrangement is elegant and ingenious.

A steel cylinder (about the thickness of a goose-quill)^

which forms the micrometer screw, has two threads cut

upon it, one-half being cut with a thread double the pitch

of the other. This screw is mounted on an oblong box
which carries one of the measuring edges ; the other edge
is moVed by the coarser part of the screw relatively to the
edge attached to the box, whilst the box itself is moved
relatively to the axis of the telescope by the finer screw.

This produces an opening and closing of the edges
symmetrically with respect to the telescope axis. Flam-
steed, in the first volume of the Historia Conlestif, has
inserted a series of measurements made by Gascoigna
extending from 1638 to 1643. These include the mutual
distances of some of the stars in the Pleiades, a few observar-

tions of the apparent diameter of the sun, others of tha
distance of the moon from neighbouring stars, and a great
number of measurenents of the diameter of the moon. Dr
Bevis {Phil. Trans., 1773, p. 190) also gives results of
measuijments by Gascoigne of the diameters of the moon,
Jupiter, Mars, and Venus with his micrometer.

Delambre gives' the followng comparison between the re-

sults of Gascoigne's measurements of the sun's semi-diameter
and the computed results from modern determinations :

—

October 25(0.s.)....

31 „ ....

December 2 ,

Gascoigne.
16' 11" or 10"
16' 11"

16' 21"

Conn. d. Tempt.
16' 10" -0

16' 11" -4

16' 16" -8

Gascoigne, from his observations, deduces the greatest
variation of the apparent diameter of the sun to be 35";
according to the Connaissance det Temps it amounts to
32"-3.3 These results prove the enormous advance attained
in accuracy by Gascoigne, and his indisputable title to tlie

credit of inventing the micrometer.
Huygens, in his Systema Satuniium (1659), describes

a micrometer with which he determined the apparent

• Delambre, Ilisl. Asl. Modeme, vol. ii. p. 590.
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diameters of the principal planets. He inserted a slip

of metal, of variable breadth, at the focus of the tele-

ecope, and observed at what part it exactly covered the

object under examination ; knowing the focal length of the

telescope and the width of the slip at the point observed,

he thence deduced the apparent angular breadth of the

object. The Marquis Malvasia in his Ephemeridrs (Bologna,

1662) describes a. micrometer of his own invention. At
the focus of his telescope he placed fine silver wires at right

euigles to each other, which, by their intersection, formed

a network of small squares. The mutual distances

of the intersecting wires he determined by counting, with

the aid of a pendulum clock, the number of seconds

required by an equatorial star to pass from web to web,

while the telescope was adjusted so that the star ran parallel

to the wires at right angles to those under investigation.*

In the Phil. Trans., 1667, No. 21, p. 373, Auzout gives

the results of some measures of the diameter of the sun

and moon made by himself, and this communication led to

the letters of Mr Townley and Dr Bevis above referred to.

The micrometer of Auzout and Picard was provided with

idlk fibres or silver wires instead of the edges of Gascoigne,

but one of the silk fibres remained fixed while the other

was moved by a screw. It is beyond doubt that Huygens
independently discovered that an object placed in the

common focus of the two lenses of a Kepler telescope

appears as distinct and well-defined as the image of a
distant body ; and the micrometers of Malvasia, Auzout,

and Picard are the natural developments of this discovery.

Gascoigne was killed at the battle of Marston Moor on

the 2d July 1644, in the twenty-fourth year of his age, and
his untimely death was doubtless the cause that delayed

the publication of^ discovery which anticipated} by twenty
years, the combined work of Huygens, Malvaison, Auzout,

and Picard in the same direction.

As the powers of the telescope were gradually developed,

it was found that the finest hairs or filaments of silk, or

the thinnest silver wires that could be drawn, 'were much
too thick for the refined purposes of the astronomer, as

they entirely obliterated the image of a star in the more
powerful telescopes. To obviate this difiiculty Professor

Felice Fontana of Florence {Saggio del real gahinettp difisica

t di stona imturale', 1755) first-proposed the use of spider

webs in micrometers,^ but it was not till the attention of

Troughton had been directed to the subject by Eittenhouse

that the idea was carried into practice.^ In 1813 Wollaston

proposed fine platinum wires, prepared by surrounding a
platinum wire v/ith a cylinder of silver, and drawing out

the cylinder with its platinum axis into a fine wire.* The
surrounding silver was then dissolved by nitric acid, and
a platinum wire of extreme fineness remained. But
experience soon proved the superiority of the spider web

;

its perfection of shape, its lightness and elasticity, have
led to its universal adoption.

Beyond the introduction of the spider line it is unneces-

sary to mention the various steps by which the Gascoigne
micrometer assumed the modern forms now in use, or to

describe in detail tlie suggestions of Hooke,^ Wren,
Smeaton, Cassini, Bradley, Jlaskelyne, Herschel, Arago',

• Mem. Acad, dcs Science!, 1717, p. 78 sq.

* In 1782 {Phil. Trans., vol. Ixxii. p. 163) Sir W. Herschel
writes:—"I have in vain attempted to find liues sufficiently thin to

9xtend them across the centres of the stars, so that their thirkness

might be neglected." It is a matter of regret that Fontana's sugges-

tion was unknown to him.
* Quekett in his Treatise on the Microscope ascrihes to Rarosden the

practical introduction of the spider web in micrometers. The evidence
appears to be in favour of Troughton.

« rhil. Trans., 1813, pp. 111-118.
• Dr Hooke made the important improvement on Gascoigne's

micrometer of substituting parallel hairs for the parallel edges of its

original construction (Hooke's Posthumous Works, p. <97).

Pearson, Bessel, Struve, Dawes, &c., or the successive

productions of the great artists Kamsden, Troughton,
Fraunhofer, Ertel, Simms, Cooke, Grubb, Clarke, and
Eepsold. It will be sufiicient to describe those forms with
which the mo.st important work has been done, or which
have survived the t§sts of time and experience.

Before astronomical telescopes were mounted parallactically, the
TOcasuremTt of position angle.i was seldom attempted. Indeed,
in those days, the difficulties attached to such measures, and to the
measurement of distances with the filar micrometer, were exceed-
ingly great, and must have taxed to the utmost the skill and patience
of the observer. For, on account of tho diurnal motion, the direc-

tion of the axis of the telescope when directed to a star is always
changing, so that, to follow a star with an altazimnth mounting,
the observer requires to move continuously the two handles which
give slow motion in altitude and azimuth.

Sir William Herschel was tho first astronomer who measured
position angles ; the instrument he employed is described in Phil.
Trans., 1781, voL Iszi. p. 500. It was used by him in his earliest

observations of double stars (1779-83); but, even in his matchle.3
hands, the measurements were comparatively crude, because of t!.3

difficulties he had to encounter from the want of a parallactic monnl-
ing. In the case of close double stars he estimated the distance '.z

terms of the disk of the components. For the measurement of wid . f
stars be invented his lamp-micrometer, in which the componen'j
of a double star observed with the right eye were made to coincide
with two lucid points placed 10 feet from the left eye. The distance
of tlie lucid points was the tangent of the magnified angles sub-
tended by the stars to a radius of 10 feet. This angle, therefore,

divided by the magnifying power of the telescope gives the real

angular distance of the centres of a double star. With a power of

460 the scale was a quarter of an inch for every second.

The Modem Filar Micrometer.

When equatorial mountings for telescopes became more general,

no filar micrometer wasconsidered complete which was not fitted

with a position circle." The use of the spider line or filar

micrometer became universal ; the methods of illumination were
improved ; and micrometers with screws of previously unheard-of
fineness and accuracy were produced. These facilities, coupled
with the wide and fascinating field of research opened np by Sir

William Herschel's discovery of the binary character of double stars,

gave an impulse to micrometric research which has continued
unabated to the present time. A still further facility was given to

the use of the filar micrometer by the introduction of clock-

work, which caused the telescope automatically to follow the diurnal

motion of a star, and left the observer's hands entirely at liberty.'

The modern filar micrometer has now assumed forms of five types. Classiflc

Type A.—Micrometers in which there are two webs, each mov- tion of

able by a fine screw with a divided head. This is the usual English micro-

form of filar micrometer, meters
Type £.—Jlicrometers in which one web is movable by means

of a fine screw with a divided head, and the other by a screw
without a divided head. The latter screw, in ordinary use, is only
employed to change the coincidence-reading of the two webs, for

eliminating the errors of the micrometer screw. This is the ordi.

nary German form of micrometer as originally made by Fraunhofer
and since by Merz, and employed by the Struves and other principal

Continental astronomers down to the present day.

Typs C.—A similar form of micrometer to B, except that the
coincidence-point cannot be changed,—there being no second screw
to alter the position of the fixed web.

Type D.—A micrometer somewhat similar in general construction

to form B, except that, in addition to means of changing the zero

point, there is a screw head by which a fine movement can be given

to the whole micrometer box, in the direction of the axis of the

micrometer screw. This is the modern form of micrometer as con-

structed by Eepsold.

Ti/pe £.—Micrometers fitted with two eye-pieces for measuring

angles larger than the field of view of an ordinary eye-piece.

The micrometer of type A is due to Troughton ', it is represented

in figs. 1, 2, 3. Fig. 1 is a horizontal section in the diiection of

the axis of the telescope. The eye-piece ab consists of two plano-

convex lenses a, b, of nearly the same focal length, and with the two

• Herschel and South (Phil. Trans'., 1824, part iii. p. 10) claim

that the micrometer by Troughton, fitted to their 6-feet equatorial

telescope, is the first position micrometer constructed capable ol

measuring position angles to 1' of are.

' So far as we can ascertain, the first telescope of large size driven

by clook«:rk was the 9-inch equatorial made for Struve at Dorpat by

Fraunhofer; it was completed in 1825, The original idea appears

to be due to Passement {Mfm. Acad., Paris, 1746). In 1757 he pre-

sented a telescope to the king, so accurately driven by clockwork that

It would follow a star all night long.
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tonTex sides facing each otter. Thej- are placed at a distance apart

less than the focal Icugth of a, so that the wires of the mici-omoter,

which must be distinctly seen, are beyond i.' The eye-piece slides

into the tube cd, which screws into the brass ring ef, through

two openings in which the oblong frame, containing the micrometer

slides, passes. These slides are shown in fig. 2, and consist of

brass forks k and /, into which the ends of the screws o and p are

j-igidly fitted. The slides ore accurately fitted so as to have no

sensible lateral shake, but yet so as to move easily in the direction

of the greatest length of the micrometer box. , alotion is communi-

cated to the forKs by female screws tapped i- "- heads m and n

Fig. 1. Fig.Z Fig. 3.

acting on the screws o and p respectively. Two pins q, r, with

spiral springs coiled round them, pass loosely through holes in the

forks k, I, and keep the bearings of the heads m and n firmly

pressed against the ends of the micrometer box. Thus the smallest

rotation of either head communicates to the corresponding slide mo-
tion, which, if the screws are accurate, is proportional to the amount
through which the head is turned. Each head is graduated into

ZOO equal parts on the drums u and v, so that, by estimation, tlie

Beading can easily be carried to -niWh of a revolution. The total

number of revolutions is read oQ' by a scale attached to the side of

the box, but not seen in the figure.

Two spider webs are stretched across the forts, one (0 being
cemented in a fine groove cut in the inner fork k, the other (s) in a
similar groove cut in the outer fork I. These grooves are simultane-

ously cut in «£u by the maker, with the aid of an engine capable
of ruling fine straight lines, so that the webs when accurately laid

in the grooves are perfectly parallel. A wire st is stretched across

the centre of the held, perpendicular to the parallel wires. Each
movable web must pass the other without coming in contact with
it or the fixed wire, and without rubbing on any part of the brass-

work. Should either fault occur (technically called "fiddling") it

is fatal to accurate measurement. One of the most essential points
in a good micrometer is that all the webs shall be so nearly in the
asme plane as to be well in focus together under the highest powers
used, and at the same time absolutely free from "fiddling. For
measuring position angles a brass circle gh (fig. 3), fixed to the tele-

tfope by the screw t, lias rack teeth on its circumference that receive
the teeth of an endless screw w, which, being fixed by the arms xx
to the oblong box mn, gives the latter a motion of rotation round
the axis of the telescope; an index upon this box points out on
the graduated circle gk the angular rotation of the instrument
The English micrometer still

retains the essential features of
Tronghton's original construc-

tion above described. Tho
later English artists have
somewhat changed tho mode
of communicating motion to

L'Awf'^p'^rm'Lf^uf?o« 1£:^^«
micrometer head and tapping
each micrometer screw into

its slide. Instead of making
the shoulder of the screw a p- j
flat bearing surface, they have 8- *•

pven the screw a spherical bearing resting io a hollow cone (fig.

4) attached to tho end of the box. The French artists still rotaip

Tronghton's form. Simnis (Tronghton's successor) and Cooke (of

York), for symmetry and more effectual elimination of "the loss of
time" (called by the Germans "todter Gang," and sometimes in

English "back-lash"), have provided two pins with spiral springs,

' Thb Is kaowu a> lUmsdca's cropicri- ; it »bj made orifclmJUt by htm.

Fig. 6;

like q ihA r ffig. 2), one on each side of tho screw which moves
each slide.

Ombb of Dublin, with the intention of avoiding the variation of

Sressure exerted by the spiral springs when the slide is at difiereut

istancea from the head of

the screw, has adojited the
following plan. Where the

screw enters the slide ho has

a nut n attached to a strong

spring p]> {f\s. 5), the pres-

sure of which exerts a con-

stant ttnsion in the axis of

the screw, tending to bring

the threads into close con-

tact, in opposite directions,

with their bearings iu the

nut n and the slide g. The
pressure of this spring is

reguhited by the icrewa i, »,

tapped into the thickened
ends of the springs. For
maintaising the spherical

shoulder of the screw in

close and constant pressure

on its conical bearing he
has attached a conical bear-

ing to the spring ^'y (fig.'

6). The
,
pressure of this

on the upper part of tho .

spherical shoulder is regu- !

lated by the screws s', $',

Eassing through elongated

oles in tho spring p'p', and
tapped into the end of tho
box.

The screws of micrometers are generally made with 50- or 100
threads to the inch. Tronghton's method of reading the number
of whole revolutions by a suver scale is inconvenient, because f^tii
or even -^fh of an inch is too small a quantity to read easily with
tho naked eye, especially with the faint illumination that it is

desirable to use when measuring faint objects. Difi"erent methods,
including the " comb " (see below) and various kinds of " counters,"

have been introduced with more or loss success ; but recently the
Repsolds of Hamburg have

contrived a plan at once si>

simple and so eflScient that Fig. 7,

it will be unnecessary to
describe those methods which
this plan is certain to super-
sede (see below, type D).
Grubb has introduced a v a
modification in the form of ^^'

the slides with a view to avoid the friction of one slide against the

other. On the inner side of the brass plate which forms the bottom
of the box (i.e., the side opposite to the eye-piece) four V-shaped
furrows are placed (fig. 7); and at each end of the slides are pro-

jections (fig. 8, end view) which fit into these furrows. The slides

are kept down in their places by springs attached to them, which
nress upon the inner side of tho Ud of the box.

Tronghton's mode of giving rotation to the position circle is now
abandoned. A much quicker motion in position angle than can
be obtained without slow motion is often desirable, since, in

observing very close double stars, the uncertainty of each point-

ing may amount to several degrees in the most accurate mcisure-

oients. The plan of a pinion working in a toothed wheel is

often employed, but that also is too slow. Most modern micro-
meters are now fitted with a clamp and slow motion screw (see fig

9, type B^. This permits observation of position angles of verj
close objects by simple rotation of the box wi^h the hand ; while the
slow motion, after clamping, permit^ the more delicate movements
that are required in measuring tho position angle of objects farther

apart.

The Cookes and Grubb have for ypdrs almost invariably trans-

ferred the position circle from the micrometer to the telescope tube
The whole eye-end with its focussing arrangements rotates, and i;*

rot.ition can be measured by a circle attached to the butt end ol
tho tube.

_
There is considerable convenience in this arrangement.

One position circle only is required for all the micrometers that
may bo employed with the instrument ; and the orientation of
reticulated diaphragms, or tho adjustment of the direction of the
slit of a spectroscope, may also be accomplished by the same means.
But, after a very extended experience of all tho various types of
existing mountings, tho present writer does not hesitate to express s
decided preference for a position circle attached to the micrometerand
a rigidattachment ofthe eye-end to tho telescopetube,—having never
seen an eye-end attached to a position circle on the butt end of tht
t«Iescopo-tube iu which, after the wear and tear of a few years,

uu=:]^
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t,?nwUch have latterly formed so promineat a feature in refined
tion wmcn nave iai,i,c. v i ^ ^jj micro-
n,i™.l» »».* o°;;i"7c;;. ; 0„a Hop., ll..t ...

Ttt^die^!.' that of a screw which moves the eye-tnece E. C^s ihe

Fig. 9.

nozzles of .m^U lamps Z^^t'^AuZ^i^ it™ U

XI ;:f fhUH : e^tu'^^Nfthe strong" holh,w cyUnd.^^^^^^^^

mentioned (for iUaminat.on see beUnv) n
^^^

-odometer

^t tw:st^^orthrs:^:fidetre%/es TpV a;founJion.^ t

Th^:
s^rdVant?^;r;t!;.^^rd\i^in^s^"ed/tV^

tarltble mot"n may be communicated by an attached arm acted

i

"m milometer" w is mounted on the slide which carres th

movabk weT Fig. 10 shows a plan of this sl.de; the divided

dram of th; screw is omiUed' for sake of clearness The

Irew S has a shoulder at k, carefully fitted and ground to a

t'arTu^o as to work sweetly iu a hole in the very strong spring

.; the other extremity of the screw is formed into a pivot, which

L ' lluin\\,th7iss niece fifl The end of this pivot-hardened,

S4ed ard\%Xrounde'^^^^ on the flat surface of an agate

rwWch is imbidcd in the end of the slide, and k^t firmly nU
„u^.. I.V tlifi briss ciece BB By careful adjustment of the screws

Tslufficieut p?essS e may be left upon . to slightly bend the strong

siringTo- and thus eliminate all end-shake without preventing easy

action of the screw. The screw passes at the

same time through the bush B (shown in

jUn and elevation, fig. 10) attached to ;)2)

,fi<T 9) • and, there is a fine saw cut, which

can bo narrowed by the small screw t, to ^^
close the bush upon the micrometer screw .Jeal-,

with a view of preventing "loss of time.
^

The spider web a is cemented on the further

Bide of the thin plate vw, the varnish being

applied in the countersunk holes shown by

the dotted circles m> A^ The slide is counter-

sunk to about halt its thickness within tbp

area indicated by oooo, in order to allow the

lidapter of the eye-piece to come sufficiently

close to the webs. The eye-piece was origin-

ally moved by a pinion working in a rack r

(fi<r 9)- but the screw s' applied by bimins

wS found by Maclear to be more convenient j,. jo_

^:tfo\%7r;edgfTr'jSl?witfnt strongly c^

?han those originally engi-aved on the face of the circle, the 'nstrn^

ment remains and is figured in its original form. P'^to''/"d

Martius (Berlin) have also made excellent instruments of the

aW type There is a celebrated micrometer of their make, wUn

V tSi^ the hands of Brunnow at Dunsink (Dublin), some of

•:Z Ihe most perfect and refined investigations ever made in practical

Secchl, the Bondi M*'^'';"'
'°/j,f,™7„Ser», It Is not too much to say that

Sr^'^p^^ren^. ."e""rt™me
" wUh^wSch thi^o^founh, of .he astronomic..

nfeJuremci.ts c( the iMt My yean havcbeen made.

astronomy have been executed. In this nncrometer the screw »
mounted on its own slide and has a divided head precisely bke

the screw S (fig. 9). The plate pp is eongated towards 5 and the

corresponding bush B is attached to this elongation T' e/"««
^

is shitted to another part of the eye-piece slide, so tl'at it does not

faterfero with the increased diameter of the screw s. Fraunhofe^s

micrometer in thU form belongs to type A, but is quoted under

tyre B for convenience of descnntion.
,. ^ r, Col.

It is not necessary to give a figure representing type C. bucto

micrometers have been generally constructed on Troughton s^
{fi<rs 1, 2, 3) with the omission of one of the screws^ and witH

one or more of the modifications described in detail under type A.

Some have also been made similar othermse to the Fraunhofer con-

struction, by omitting the screw s with its corresponding slide

and attaching the fixed wire to a circular plate in «),

Good inst rSments have been made on type C by Clark (Cambridge.

Massachusetts), by Steinheil (Munich), and by the great FrcncU

artists Secretan, Froment, Brunner, Eichens; andgoodworkhasbeeD

done with them. But it is necessary that the errors of the screw

should be very carefully determined, since, in type O, such errors

cannot be eliminated by employing different parts of the screw to

measure the same angle. There is a i-oteworthy descnntion ol

micrometer that forms a link between types C and D, of which the

most famous example (by Clark) js attached to the great Washing-

ton telescope. It is essentially a micrometer of type C, with a sliao

(or fork) and a screw of the English form of construction But the

instrument is provided with^ screw as at s (fig. 9), which instead

of changing the position of the fixed wire, moves the whole n.icro-

raeter box in the direction of the axis of the measuring screw. 1 bus

the fixed wire can be set exactly on one star by the screw s whic

the other star is immediately afterwards bisected by the movable

wire, and that without disturbing the reading for coincidence

of tiie wires. No one, unless he has previously worked without;

such an arrangement, can fully appreciate the advantage of bring-

ing up a star to bisection by the fixed wire by moving the -"icrorneter

box with a delicate screw-motion, instead of havmg to change tha

direction of the axis of a huge telescope for the same purpose

When it is further remembered that the earlier telescopes were not

provided with the modern slow motions m "gl^t ascension a^
fhat the Struves, in their gigantic labours among the double stars,

used to complete their bisections on the fixed ^-ire by a pressure ^
the fin-er on the side of the tube, one is puzzled whether most to

wond« at the poor adaptation of means to ends or the maryellons

mrience and skill which, with sucTi means, led to such results.'. It

Should be added that Dawes practically adopted a modification of

Clark's micrometer by using a
f
ipping P-ce, and bolting one oC

the heads of his micrometer (3/«»i. M- A h., \ol. xxxv. p. io»f.

His slfnnina p cce gave motion to the micrometer by two sbdes

^ne in Zht^aFcensiol the other in declination, so that " either of

the webs°can be placed upon either of the components of a double

=^i^i!^c?r^^?^:i^c.ju..ion^^
in^ihrSw^jr:^S^s\t ^^^^om^tersc^.. ^c:. are oi tha

ty|e C. The -ding^grerD\hVSme"te^tx\'Ef grl^

nated head of the screw, G the milled head

by which the screw cc is turned, A an eye-

piece sUding in a tube B, aa (fig. 12) the sUde.

Fig. 11.
Fig. 12.

and l, b the spiral springs. The focal length of t^^ objective

and the distance between the opHca! centre of the lens and tbo

webs are so arranged that images of the divisions are formed m
Ae plane of the w°ebs, and the pitch of the screw is such that cue

division of the scale correspon(& with some whole number of re-

^th!:Jri:'l:trT;chnically called a ''co-' .inserted in t^^

micrometer box at d (fig. 12),-its upper surface b""? ""jly m the

^lane of the wires. ThU comb does not move with reference to the

Eox! and aerve, to indicate the whole revolution of -l>-h a
Jractioa

is r^d on the head. In fig. 12 a division is represented bisected by

crosTwebs aU five revolutions of the screw correspond «.th o^
division of the scale. In all modem reading micrometers the cross

I'jKrJfi"; 12 Tre renlacedby^arallel webs embracing th e dmsioa

-. The lat* Piotessor Wa.son used to "T- <>,';^»''y
S"* J»I'

'""' "'^'" =*

the best part of the micrometer Is the mao at ihe smaU endl
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(fig. 13). The mcnns for changing the length of tlio tube and fho
distance of C from the scale arc omitted in tuo figure. These appli-

ances are refinircd if the "run" hxi to be accurately n
adjusted. By "run " is meant the dilTerence between the
intended irhole number of scrow-rcvolutions and the
actual measure of the space between two adiaceut di-

visions of the scale in turns of the screw divided by the
number of intended revolutions. In delicate researches

two divisions of the Bcale should always bo read, not S- 13-

merely for increased accuracy but to obtaia the corrections for
" run ' from the observations themselves.

Fig. H represents an important typo of reading micrometer by the
Repsolds. Here the web-frame is mounteion the screw itself. The
limiting plane of motion is at p, where the end of the micrometer
screw bears upon the hardened, flattened end of the screw s, and is

kept in bearing against this plane by the spiral spring ;. Rotation

E
fn
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the lens « ; at niglit the lamp which ilhiminatcs the webs and the
positiou cii-cle also illuminates the dnim-heails (see on illumination
below), oaaa is the web-frame (fig. 17), fly is a single rod consisting
of two cylinders accurately flttiug in the ends of the micrometer
box; the larger cylinder being at $. Tlicre is a hole in the web-
franie which smoothly fits the larger cylinder at p', and another
which similarly fits tlie smaller cylinder at y'. A sjiiral spring,

coiled round the cylinder y, resting one end on the shoulder formed
by the difference of the diameters of the cylinders and y and the
other on the inside of the web-frame, presses the latter continuously
towards 7. Contact of the web-frame of the micrometer with the
side of the box at 7 would therefore take place, were it not for the
micrometer screw. This screw fits neatly in the end of the bo-t at

«, passes loosely through the web-frame at e', is tapped into the
frame at (', and its end rests on a flat hardened surface at f. Rota-
tion of the web-frame about 0y is prevented by the heads of the
«crews at m ; the head of the screw on the lower side of the frame
ceposes on the plane m, that on the upper side (fig. 17) touches
Jightly on the inner .surface of the lid of the box. Such rotation

can obviously be controlled within limits that need not be fuither

considered. - But freedom of rotation iu the plane of the paper

^ Fig. 17.

{fig. 17) is only prevented by good fitting of the holes $', y'; and,
since the weight of the slide is on one side of the screw, misfit here
will have the effect of changing the reading for coincidence of the
movable with the fixed web in reverse positions of the micrometer.
With the Cape micrometer a systematic difference has been found in

the coincidence point for head above and head below amounting to
0"'14. This corresponds, in the Cape instrument, with an excess of

the diametersof the holes overthose of the cylinders of about^-y^Tnitli

of an inch,—a quantity so small as to imply good workmanship,
though it involves a systematic error which is very much larger

than the probable error of a single determination of the coincidence

point. The obvious remedy is to make all measures on opposite

sides of the fixed web before reversing in position angle —a precau-

tion, however, which no careful observer would neglect. In measur-
ing difl'erenees of declination, where the stars are brought up by the
diurnal motion, this precaution cannot be adopted, because it is

necessary alwaj's to bisect the preceding star with the fixed web.
But in A5 measures index error can always be eliminated by
bisecting both stars with the same web (or different webs of known
interval fixed on the same frame), and not employing the fixed web
at all. Had tlie spring q been placed as iu fig. 14, and the cylinders

j8 and 7 been made to bear like the pivots of a transit on seg-

mental bearings in the frame at and 7', it is probable that the
difference in coincidehce points would not have existed. Such a
modification appears advisable, unless this construction, by leaving

the end vt less free, should make the " feel " of the screw less sweet
and perfect. The discordance in zero when known to exist is

really of no couscijuence, bccausfe the observations can be so

arranged as to eliminate it.

. The box is mounted on a strong hollow steel cylinder CC (fig. 1?)
by holes n, 6 in the ends of the box, which fit the cylinder closely

and smoothly. The cylinder is rigidly fixed in the studs C, C, and
these are attached to the foundation plate/. The cjdinder contains
towards rj a sliding rod, and towards 9 a compressed spiral spring.

There is thus a thrust outwards of the sprin" upon the hollow cap
W (attached outside the box), and a thrust ot the rod UDon the end

of the screw s. The position of the box relative to the plate/, in
th6 direction of imrasureraent, depends therefore on the distance
between the end of the screw a and the fixed stud 0. A screwing
in of s thus causes the box to move to the left, and vice versa.
Rotation of the box round CC is prevented by downward pressure
of the spring Z on a projection attached to the side of the box. The
amount of tliis pressure is regulated by the screw ;'.

The short screw whose divided milled head is o- shifts the zero
of the micrometer by pushing, without turning, the short sliding
rod whose flat end forms the point cCappui of the micrometer screw
at (. The pitch of the screw o- is the same as that of the measuring
screw (50 threads to the inch), and its motion can be limited by a
stop to half a revolution.
The five fixed webs are attached to the table tt, wliich is secured

to the bottom of the box by the screws p The three movable
webs are attached to tlie projections W on the frame oa. The plane
surfaces tt and A\ are composed of a bronze of very close texture,
wliich appears capable of receiving a finish having almost the truth
and polish of an optical surface. It seems also to take a very clean
V cut, as the webs can be laid in their furrows with an astonishing
ease and precision. .These furrows have apparently been cut insilu
with a very accurate engine ; for not the slightest departure from
parallelism can be detected in any of the movable webs relative to
the fixed webs. Extraordinary care has evidently been bestowed
in adjusting the parallelism and distance of the planes t and A, Eo
that the movable wires shall almost, but not quite, touch the sur-
face t. The varnish to fix the webs is applied, not on the surface
T as is usual, but on a bevel for the purpose,' the position of the
webs depending on their tension to keep them in their furrows.
The result is that no trace of "fiddling" exists, and the mov-
able and fixed webs come sharply together in focus with the highest
powers. Under such powers the webs can be brought into apparent
contact with such precision and delicacy that the uncertainty of
measurement seems to lie as much in the estimation of the frac-

tion of the division of the head as in the accuracy of the contact.
It is a convenient feature in Repsold's micrometer that the webs are
very near the inner surface of the top of the box, so that the eye is not
brought inconveniently close to the plate when high powers are used.

Jlicrometers of the type E have been invented by Alvan Clark and
Grubb. Clark's micrometer was exhibited at the June meeting of

the Royal Astronomical Society in 1859 {Monthly Notices R. A. S.,

vol. xix. ). It is capable of measuring angles up to about one degree.

It is "furnished with two eye-pieces, composed of small single

lenses, mounted iu separate frames, which slide in a groove and
can be separated to the required distance. A frame carrying two
parallel spider lines, each mounted separately with its own micro-
meter screw, slides in a dovetailed groove in front of the eye-pieces

;

and by a free motion in this frame each web can be brought opposite
its owu eye-lens. In using this micrometer, the first step is to set the
position-vernier to the approximate position of the objects to te
measured. Then the eye-lenses are separated till each is opposite ita

own object. The frame containing the webs and their micrometer
screws is then slid into its place ; and the webs, having been
separated nearly to their proper distance by their free motion in the
frame, are placed precisely on the objects by their fine screws, the
observer's eye being carried rapidly from one eye-lens to the other a

few times, tiU he is satisfied of the bisection of each of the objects by
its own w.-^b. The frame is then removed for reading off the measure
by means /if an achromatic microscope, on the stage of which it is

placed." The advantages which Clark claims are these :

—

" 1. Distances can be observed with great accuracy up to about

one degree, and the angles of position also.

"2. The webs, being in the same plane, are perfectly free from
parallax, and are both equally distinct, however high the magnify-

ing power may be.
" 3. The webs are also free from distortion and from colour.
" 4. A different magnifying power may be used on each of the

objects,—which may be advantageous in comparing a faint comet

with a star."

It appears to us that the method of removing a slide in order to

measure the interval between the webs is liable to objection, not

only because of the risk to the webs, but because the taking

of measurements of such a different character with a .different

instrument is inconvenient and troublesome. Ic is true that the

intervals between the webs could be measured by an assistant, and

two or more different slides be emploved to save time
;
but astrono-

mers will probably generally prefe/ the method introduced by

Grubb described below. It is understood that Clark has since

improved this instrument by an ingenious arrangement ot prisms,

which permits both webs, even though separated one degree in a

large telescope, to be seen in the same eye-piece. The arrangement

is not described, and is said to be, as yet, somewhat troublesome

to arrange previous 'to measurement, though when arranged it

gives very good results.

G ruhh {Scientijic Proceedings ofRoyalDublin Society) thus descnoes

^ '^^ wlf^ ot vtrnl9h so applied tUI be »een in ^g.
1''
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irhathe calls his " duplex micrometer," shown in perspective in fig.

18 :
—" A plate of glass about 21 inches square is ruled with twenty-

one lines iu one'tlircction j'jth inch apart, and two lines in the other

direction 2 inches apart. The extreme lines of the sot therefor*

form a perfect square of 2 inches. These lilies are ruled with

exceeding accuracy and care, but provision is left for ascertaining

any errors that rcmiiin either as *o distance or want of perfect

gqaarrness. Along
one side of the square

is mounted a niicro-

meter fra;ne in the
ordin.iry way, actu-

ated by a screw of

one hundred threads

to the inch. This
micrometer frame
carries eleven lines

corresponding exact-

ly to each alternati'

bnf in the glasj

reticnle, sothatwhen
the first spider lino

is made coincident

with the first dia-

mond line on the

glass the lost spider

Une will be coincident with the last line on the glass, and each of

the spider lines will be coincident with all the odd numbers of

diamond lines, 1, 3, 6, 7, 9, 11, ]3, 15, 17, 19, 21. Over this glass

plate is placed a brass cap in which two eyepieces are mounted,
one sliding in a groove at right angles to the other,—so that,

while one has its journey backwards and forwards on the horizontal

Une, the other has its journey on the vortical line, according to

how the cap is placed, for this cap is capable of rotation to meet
various circumstances.
" How to Use the Instrument.—1. The two stars are brought on the

hori2ontal line, and the distance measured from centre to centre

along that line. This distance is measured by counting the number
of spaces on the glass, adding the residue as measured by the
micrometer screw. Thus the screw is never used for larger measures
than iV^h inch, and therefore errors of screw and temperature errors

are much reduced. In bisecting, one star is brought into the field

of one eye-piece, and a bisection is made with one of the diamond
lines by moving the micrometer by one or other of its slipping piece

screws. Then the other .eye-piece is moved till the second star is

seen, and a bisection is made with the nearest spiderline by moving
the micrometer head. Then the eye can be moved back to the first

eye-piece, and the bisection checked, and again back to the other

eye-piece. When it is seen that both are satisfactory the measure
can be read off. 2. The micrometer is turned round till the
horizontal line becomes parallel to the path of apparent motion of
the star. This is easily found by stopping the clock and allowing
the star to run along the horizontal wire. Now the other star will

bo found to cross the vertical lino somewhere, while the first star is

on the horizontal line. This second star is then bisected on the
vertical line, while the first star is bisected by one of the spider
lines ; thus the dilTerenee in right ascension is found. We then
have two sides of a right-angled triangle and of course all the
elements arc known.

" To Ascertain the Errors {if any) of the Distance of the Lines.—
Of course, the usual plan of taking tran.sits can be adopted, and to
ascertain if the lines be perfectly ut right angles a special additional
eye-piece is provided, so that transits can be taken across each
diagonal of the square."

This instrument has great advantage over Clark's iu ease of
adjustment and use, and has done good work at the University
ObseiTatory, Oxford {Mem. E. A. S., vol. xlvii. pp. 5-12).
Professor Pritchard clidms too much when he estimates its work as
equal in accuracy with that of the heliometer—at least the published
results do not confirm such a view. But it is a very valuable
instrument for measuring objects too faint for the limited aperture
of most hcliometers, and which at the same time are farther apart
than the field of view of an ordinary eye-piece.

Thf occuracy of the duplex micrometer would bo very greatly

increased if Clark's idea (above mentioned) of viewing both widely
separated webs in one eye-piece of high power could be reduced to

a convenient practical form.

Method of Wehhing the Filar Micrometer

The webbing of a micrometer is a process that should be familiar

to all practical astronomers. English opticians usually proceed as

follows. A spider (the variety is marked by a cross on the back,
and is found in English gardens about decayed wood) is caught,
and placed on a wire fork. The insect immediately attnclies a web
to the wire and begins to lower itself by a web to tlie ground. This
web is wound up on the fork till ten or twelve turns, separated by
f convenient space, have been secured. A brush with vomish is

then passed r.long the prongs j the webs are thus securely fixed to

the fork. The parallel prongs of the fork must be sufficiently far

apart to allow the web-frame of the micrometer to pass betwceu

them. The frame to be webbea is placed on a flat dull black

surface between the prongs of the fork, the latter being carefully

arranged so that one of the webs lies nearly in lie furrow ruled in

the frame for its reception. As the web-frame is generally thicker

than the fork, the web will now be stretched across the former,

with a certain amount of tension, and is brought into the furrow

wiih a finely pointed piece of soft woott. If the surface of the frame

is well polished, and the furrows sharjdy cut, without "burr,'' the

web should leap shar[ily and decidedly into its place. Each end

of ihe web is then aecured by a drop of shellac varnish, which
should be allowed to harden thoroughly before the frame is touched.

The webs can be very readily so handled against a black back-

ground, with the aid of a hand lens of 2 or 3 inches focus. la

experienced hands this method gives good results, but the foDowingJ

which is generally followed on the Continent, is preferable.

A web, about 2 inches longer th.in the width of the frame, fa

unwound from a cocoon,^ and small pieces of lead are attached

to its extremities by beeswax. One end of the web, with ita

attached lead, is laid on a piece of cork floating in a tumbler of

water ; the other end is allowed to hang down in the water, where

it becomes thoroughly saturated and untwisted. It is then laid

across the fork, and dropped into its furrows in the manner above
described, the little lead weights exerting a

,
definite tension.

Varnish'-' is immediately applied to secure the webs, and the frame

is not touched till it is dry.

The bevel-edge of the web-frame introduced by Repsold (type

D) offers great facilities for accurate webbing, and should be em-
ployed in all future micrometers.

Illumination of Micrometers.

When micrometer observations are made by night it is necessary
to have some mode of rendering the webs visible,—either by rays
of light at right angles to the axis illuminating the webs, or by
rays nearly coincident with the axis of the telescope. In the
former case we get bright webs in a dark field, in the latter dark
webs on a bright field.

In the older telescopes bright web illumiuation is produced by
small lamps with nozzles tliat enter the tubes L, L (fig. 9). The
illumination is regulated in colour and intensity by wedges of
coloured or darkened glass passing through slides in the nozzles.

But it is inconvenient to have lamps so near the observer's eye, and
it is at least very difficult to obtain a perfectly dark field when the
wires are illuminated in this way.
The Clarks, in their micrometer of the gre.at Washington tele-

scope, have made the end of box T (fig. 15) transp.irent, and light ia

thrown on the webs from a lamp held by an assistant. Holden h^s
very recently applied a lamp ingeniously hung so as to preserve its

verticality and tho constant direction of its light in a similar way,
adding a plain silvered mirror inside the box and opposite the
lamp, so as to illuminate the webs symmetrically. In the Clarks'
and Holdcn's methods it is only the webs at right angles to the
screw that are illuminated.

For illumination of the field, in very old telescopes, light was
thrown on a small ivory reflector fixed outside the object-glass in
the axis of the telescope by an arm fitting en the cell of the lens.

This involved the aid of an assistant to direct lamplight ou the
ivory reflector, or the vei^y

frequent change of a
lamp support. After-

wards the light from an
attached lamp was intro-

duced through a hole in

the telescope-tube and
thrown upon an ellipti-

cal plane (generally dull-

gilt) having its centre

part cut away sufficiently

to avoid interruption of

the cone of rays from the
object-glass. Many in-

'

genious modes of sus-

pending the lamp have
been invented for the pur-
pose of securing a con-
stant direction of its light .

Fig- 19-

coupled wiUi verticality of the lamp. One of the best of these, due
to Cooke, is shown iu fig. 19. L is the lamp, P a prism to refleit

1 It l8 asserted that webs from cocoona are more elastic, better shaped, an r

more darnble than those obt/iined daring an effort of the Insect to escape. Tht-
best webs we have seen were from a cocoon obtained In Holland, bat ne havi--

been unable to ascertain the name of the variety of spider.
' Argelandcr nsed to apply two drops of varnish at each end of his webs. He

-first fixed each extremity by a drop of shellac varnish, and after that had drte>l

he applied a drop of copal TDmlah nearer the centre of the frame ; the latter toot
a long time to harden, bur gave ultlma'ely a much stronger attaebmeat.
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its light into the tubp, D a disk to regulate the quantity of light,

B a disk with glasses to regulate the colour of the light, S a
spring to clamp the disks, C the counterpoise of the lamp, G a
poise to preserve the horizontality of the axis CL. But astronomers
owe to tho genius of Grubb the introduction of a more efficient

and convenient syst'm, viz., the performance of all necessary illu-

mination of an astronomical telescope by a single lamp, and the
perfect control of the illumination of the field or webs, and the

regulation of these as to intensity or colour by simple motions from
the eye-end. It is impossible. to speak too highly of.Grubb's efforts

in this direction : he has broken the ground in this departnient of

astionomical engineering, and rendered the working of so huge an
instrument as the Yionna telescope of 27 inches aperture not only
convenient, but easier for a single observer than that of a very
small telescope of the older constructions.

But in the illumination of the field wires and scales of a micro-

meter Grubb's original method has recently been surpassed by
one which is due to the Kopsolds. We shall therefore describe the

latter.

Fig. 20 represents the eye-end of a telescope. The reader will

recognize the micrometer (figs. 16 and 171 previously described. L
is a paraffin lamp fitting by a

bayonet joint into a copper cover

e. This effectually defends its

glass chimney against accident,

and protects the lamp from wind.

The simple means by which this

lamp is made to preserve its ver-

ticality in all positions of the

/*lescope is evident from the

figure. By this lamp alone the

bright wire or bright field illnmi-

uation is given at pleasure, and
with any desired intensity, simply
by movement of the small pin p.

The position circle and the head
of the micrometer are also illu-

minated, as well as the declina-

tion circle, by the same lamp.
AB ia a cylindrical box, ending
in a truncated cone towards A.

It b.shown, mid-section, in a plane

passing through the telescope axis,

in fig. 21, where all details un-
necessary to the explanation 8f the

illnmination are omitted, and pro:

portion of parts is sacrificed to

clearness. P is a prism (fig. 21)

that rotates with the lamp and
reflects its li^ht into AB. The
flame of the Tamp is in the focus

of the lens II, so that the rays

Iwcome parallel after passing

through it. There is a sliding

motion to perfect this adjustment.

annular reflector of speculum metal rr (fig. 21), which reflects light
npon the double mirror M (fig. 20), whence it is diverted to the two
opposite points on the declination circle that are read by micrometer
microscopes from
the eye-end (the

latter are omitted
for sake of clear-

ness).

The little handle
at p' and the dotted

lines p'z represent

an iris-diaphragm,

very ingeniot Jy
constructed,.mount-

ed on a plate of

transparent glass.

There is a flat ring

of brass, canying
four pins, which
U turned by the

liandle p', in a

pline at right

angles to rn.

These pins work in

spiral slots cnt in r- oi
four slides. Thus "'8- ^'

rotation of the ring causes the four slides to approach or recede from
a centre. When the handle y is in the middle of its range, the
slides together form a disk as large as the hole in the diaphragm dd,

and thus prevent all light from entering the telescope tube. When
p' is pushed to one side of its range the slides move outwards leaving

a square opening in the centre so that the light falls on the prism n,

Fig. 20.

There is a well-polished flat

whence it is diverted to a silvered reflector cemented on the middle
of the inner surface of the object-glass, and is then reflected baclc
along- the axis of the telescope to illuminate the field at a. When
p' is pushed to the other side of its range the slides approach and
overlap at the centre, excluding light from n and allowing it to fall

upon the reflector s instead. From s the light is thrown upon the
webs o), u by reflexion from a white papier mach^ surface laid on the
inside of a thin hollow brass truncated coue xx. Tho edge of this
cone forms the circle seen within tt in fig. 17. All stray light is

prevented by the light-guard tube mm, which is attached to and
moves with the rotating part of the micrometer. The result is to
produce a symmetrical illumination of the whole system of webs in
a perfectly dark field. It is also obvious that by placing p' at an
intemiediatc position between the centre and the extremes of its
range any desired modification of bright wire or bright field illu-

mination can be obtained at pleasure.
The light falling on the papier mache hollow cone is intercepted

at three points by prisms, one of which /i is shown in section.
These prisms are inserted in the cylinder which carries the
foundation plate of the micrometer box and rotate with it. Two
of them divert light upon the reflectors (seen from diflerent
points of view in figs. 16, 17, 20). The third prism after two
reflexions (6gs. 16, 20) illuminates the micrometer head. The
whole arrangement is in the highest degree elegant, and we have
found it most simple and convenient in practice. The screen C
(figs. 20 and 21)—made of thin copper and attached to AB—effectu-

ally protects the observer's eye from stray light from the lamp.
It has been found essential, in bright field illumination, when the

highest accuracy is desired, to have the illuminating rays parallel
with the telescope axis.

In the best telescopes of the future some plan like that of Eep-
sold's, above described, will doubtless be adopted. It is probable
also that with the introduction of condensers, in aDnjunc*ion with
the incandescent carbon light in vacuum, electricity will ultimately
supersede the oil or paraffin lamp in illuminating astronomical
instruments. A small " Swan lamp " can be placed anywhere, is

unaffected by wind, and gives off comparatively little heat. These
are most valuable qualities for the purpose in question.
The astronomer-royal (Mr Christie) has recently used luminous

paint to render the measuring pointer of the Greenwich spectroscope
visible at night. This paint, after exposure during the day to sun-
light, shines at night with a dull phosphorescence sufficient to make
the micrometer pointer, to which it is applied, faintly visible, and,
it is stated, with very sarisfactory results.

On the use of the fllapmlcroraater consult Struve, ifensurm MicrometrUx, St
Petersburg. 1837; Brunnow, Practical and Spherical Aitronomy; Chauvenel,
Practical and Spherical Astronomy; Brunnow, Astronomical Observations and
Researches made at Dunsink, Dublin, 1870, 1873, 1879; Ball, ibid.; Kaiser, Leiden
Observations', and the papers of Dembowskl In the Astronomische Ifachrichten.

Dojible-Imnge Micrometers.

The discovery of the method of making measures by double
images is stated to have been first suggested by Roemer aboutl678.
But no such suggestion occurs in the Basis Astronomies of Horre-
bow (Copenhagen, 1735), which contains the only works of Roemer
that remain to us. It would appear that to Savary is due the first

invcnrion of a micrometer for measurement by double image. His
heliometer (describ-

ed in a paper com-
municated to the
Royal Society in

1743, and printed,

along with a letter

from Short, in Phil.

Trans., 1753, p. 156)
was constructed by
cutting from a com-
plete lens abed the

equal portions aghc
and acfe (fig. 22).

The segments gbh
and efd so formed were then attached to the end of a tube having

an internal diameter represented by the dotted circle (fig. 23).

The width of each of tne portions aghc and acfe cut away from
the lens was made slightly greater than the focal

length of lens x tangent of sun's greatest dia

meter. Thus at the focus two images of the sun
were formed nearly in contact as in fig. 24. The
small interval between the adjacent limbs ivas p- 24
then measured with a wire micrometer.
Savary also describes another form of heliometer, on the same

principle, in which the segments aghc and acfe are utilized by
cementing theii edges gh and r/ together (fig. 25), and covering all

except the portion indicated by the unshaded circle. Savary ex-

presses preference for this second plan, and makes the pertinent

remark that in both these models " the rays of red light in the two
solar images will be next to each other, which will render the

sun's disk more easy to be observed than th« violet ones." This

Fig. 22.

loo

.G-ai*
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Fig. 27.

be mentions "becanso the glassos in these two sorts ore somewhat

prismatical, but mostly those of tlio first model, which could

therefore bear no great charge " (magnifying power).

A third model proposed by Savary consists of two complete

lenses of equal focal length, mouuttJ in cylinders

side by side, and attached to a strong brass plate (fig.

26). Here, in order to fulfil the purposes of the prc-

Tious models, the distance of the centres of the lenses

from each other should only slightly exceed the tan-

geat of sun's diameter x focal lengtli of leases,

avary dwells on the dilRculty both of procuring

lenses sufficiently equal in focus and of accurately

adjusting and centring them.

In the Mem. Acad, de Paris, 17-18, Bouguer de-

scribes an instniment which he calls a helionieter.

Lalande in his Aslnnomic (vol. ii. p. 639) mentions

roch a helionieter which had been in his possession

from the year 1753, and of whicU he gives a representation on

Plate XXVllI., fig. 186, of the same volume. Bouguer's helio-

nieter was in fact similar to that of Savary's

third model, with the important difference

that, instead of both object-glasses being

fixed, one of them is movable by a screw

provided witli a divided head. No auxili-

ary filar micrometer was required, as in

Savary's heliometer, to measure the interval

between the limbs of tAO f d.iacent images

nf the sun, it being only necessary to turn

(he screw with the divided head to change

the distance between the object-glasses till

the two images of the sun are in contact as

ii fig. 27, The differences of the readings

of the screw, when converted into arc, afford

the means of measuring the variations of

the sun's apparent diameter.

On the 4th April 1754 DoUond com-
mnnicated a paper to the Royal Society of London {Phil. Trans.,

vol. xlviii. p. 551) in which he shows that a micrometer can be

mnch more easily constructed by dividing a single object-glass

through its a.xis than by the employment of two object-glasses.

He points out—(1) that a telescope with an object-

glass so divided still produces a single image of

any object to which it may be directed, provided

that the optical centres of the segments are in coin-

cidence (i.e., provided the segments retain the same
relative positions to each other as bafore the glass

was cut) ; (2) that if the segments are separated

In any direction two images of the object viewed
will be produced ; (3) th.'\t the most convenient
direction of separation for micrometric purposes is

to slide these straight edges one along the other as the figure

on the margin (fig. 28) represents them :
" for thus they may be

poved without suffering any fahe light to come in between them
;

Imd by this way of removing them the distance between their
Centres may be very conveniently measured, viz., by having a
Vernier's division fixed to the brass work that holds one segment,
Bo as to slide along a scale on the
plate to which the other part of the
glass is fitted."

DoUond then points out three dif-

ferent types in which a glass so

divided and mounted may be used as

a micrometer :

—

" 1. It may be fixed at the end of

k tube, of a suitable length to its

focal distance, as an olyoct-glass,

—

the other end of the tube having an
eye-glass fitted as usual in astronomi-
cal telescopes.

"2. It may be applied to the end of a tube much
shorter than its focal distance, by having another
convex glass within the tube, to shorten the focal
distance of that which is cut in two.

"3. It may be applied to the open end of a
reflecting telescope, eitlicr of the Newtonian or the
Cassegrain construction."

Doliond adds his opinion that the third type is

"much the best and most convenient of the three"
;

yet it is the first type that has survived the test of
time and experience, and which is in fact the modern
heliometer

Fig. 29 illustrates DoUond's divided object-glass
heliometer of the third type. A is the end of the
reflecting telescope, upon which the adapter B is fitted. IJ carries

» wheel (not seen in the figure) formed of a ring racked at the
outer edge, and fixed to the brass plate CC, so that a pinion moved
ibj the handle D may turn it into any position. Two plates T, G,

Fig. 29.

with the attached semi-lenses, move in sl'des fixed to the plate CC,
— simultaneous motion, in contr.iry directions, being communicated

to them by turning the handle E, which drives a concealed jiinion

that works in the two racks seen in the highest part of the figure.

The nmonnt of separation of the semi-lenses is measured by a scale

5 inches long, subdivided to jisth of an inch, and read by a vernier

on the plate F to sJnth of an iiich. In practical use this micrometer

has never given satisfactory results (see Mosotti in the Efcmcride of

Milan for 1S21). It must be remembered, however, that when
Dolloud gave preference to this type he had not invented the

achromatic object-glass ; his preference was fully justified under
these circumstances. So far as we know no heliometer with a
divided achromatic object-glass was ever made by the elder Doliond

on the principle of his first type. His son, however, made what he
called an object-glass micioineter, which was a gieat improvement

on the elder Dollond's second type.

In the older construction the bras.<i mountings of the semi-lensea

obstructed tlie light entering the telescope in proportion to their

separation, arid tlie images were so coloured as to prevent the us8

of any but veiy low powers. In the later construction the movabl©
segments are formed from a negative achromatic lens of much larger

aperture than the object-glass of the telescope with which the

micrometer is employed ; and, for_ convenience in mounting, the

segments gbh and cdf (fig. 22) ai-e- removed. Ifi the fine example
of this instrument at the Royal Observatory, Cape of Good Hope,

the movable lenses consist of segments of the shape gach and
cat/ (fig. 22) cut from a complete negative achromatic combination

of 8J inches aperture and about 41 feet focal length, composed of

a double concave flint lens and a double convex crown. This is

applied to an excellent achromatic telescope of 3J inches aperture

and ii inches focal length. The instrnment is represented in

fig. 30 ; the same letters indicate the analogous parts of fig. 29-

The frame CC, moved by
teeth on its outer edge,

carries one of the halves'

Vt of the lens, and a simi-

lar frame with teeth car-

ries the other half F. A
scale 8i inches long is

fastened like an edge-bar

to the frame of tli^ seg-

ment G, and each inch

is subdivided into twenty
part.<, which are read otf

by a vernier to i-saitth of an inch, and, by estimation, this can casUy
be carried to -jTi'insth or j^'onth of an inch. The two movable frames
are imbedded in a fixed plate HH, screwed to the adapter B,
having a circular hole in its middle equal to the diameter of the
object-glass. The slide of the segment G is moved by turning
the milled head to the right of A, and the other segment F by
means of a rack and pinion on the opposite side, the latter being
turned from the eye-end by a handle not seen in the figure. A
screw is provided for clamping the slide of the segment G, as it

is intended that only the segment F shall be moved in making the
final bisection. There is an index attached to the slide of G, reading
on a rough scale engraved on the plate H, which is obviously
intended for setting the optical centre of the segment G approxi-

mately as far from the optical axis of the telescope on one side as

the optical centre of the segment F will be on the other side during
the intended measurement. This arrangement not only permits the
measurement of angles twice as great as would be possible if one
segment were fixed, but is also important in increasing the symmetry
of the measures. The vernier is placed at one end of the scale

when the optical centres of the segments are in coincidence, and is

provided with screws at I, which are intended for adjusting the
zero of the scale. The younger Doliond has in this model retro-

g.uded, in some respects, from the adrair?ble example of his father,

who, as shown in fig. 29, not only gave the lenses automatic
opposite motion symmetrically with respect to the axis of the
telescope, but seems also to have provided for entire elimination,of
index error by making it possible to observe all angles on opposite
sides of zero—a precaution possible in the later form only wheu
very small angles are measured. Rotation of the micrometer ia
position angle is provided for as in the earlier form, but the in-
strument is not furnished with a position circle.

AVith one of these instruments of somewhat smaller dimensions
(telescope 2i inches aperture and 34 feet focus) Triesnecker made a
series of measurements at the observatory of Vienna which has
been recently reduced by Dr Schur of Sfrasburg (Nova Ada der
Ksl. Lcop. -Carol. Dcnisc/icn Akadcmie dcr Notunforschcr, xlv.

No. 3). The angle between the .stars f and g Ursa maj. (708" -55)
was measured on four nights ; the probable error of a measure on one
night wcs ± 0"'44. Jupiter was measured on eleven nights in the
months of June and July 1794 ; from these measures Schur derives
the values 35" 39 and 37"-94 for the polar and equatorial diameter
respectively, at mean distance, corresponding with a compression
1/14-44. These agree satisfactorily with the corresponding values

Fig. 30.
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35"-21, 5T''60, 1/15'69 afterwards obtained by Bessel {K onigshcrgcr

Bcobachtiingcn, xix. 102). From a series ol' measures of the aii^le

between Jupiter's satellites and the planet, made in June and July

I'/gi and in August and September 1795, Schur finds the mass

of Jupiter = ^
—t-t-.—. , a result which accords perfectly with

' 1048'oo±l*4o
the received value of the mass derived from modern researches.

The probable errors for the measures of one night are ±0"-577,

±0"-8S9, ±0"-542, ±l"-096, for Satellites I,, II., III., and IV.

re;>pectively. It is probable that Tricsnccker deduced the index

error from his measures of the diameter of Jupiter, as, in 1794,

the measures of diameter are made on the same nights with those

of the measures of distance of the satellites, and it is possible that

measures of diameter may have been made in 1795 but not pub-

lished.

Considering the accuracy of these measures (an accuracy far sur-

passing that of any contemporary observations), it is somewhat sur-

prising thTit this form of micrometer was never systematically used

in any sustained or important astronomical researches, although a

number of instruments of the kind were made by DoUond.
Probably the last example of its employment is an observation of

the transit of Mercury (November 4, 1868) by Mr Mann, at the

Royal Observatory, Cape of Good Hope (Monthhj Notices R. A. S.,

ivol. xxix. p. 197-209). The most important part, however, which

this type of instrument seems to have played in the history of

astronomy arises from the fact that one of them was in the posses-

sion of Bessel at Kbnigsberg during the time wlien his new obser-

vatory there was being built. In 1812 Bessel measured with it the

angle between the components of the double star 61 riygni and
observed the great comet of 1811. He also obser\'ed the eclipse of

the sun on May 4, 1818. In the discussion of these observations

\Konigsbcrgcr Beobachl., Abth. 5, p. iv) he found that the index

error of the scale changed systematically in different position angles

fcy quantities which were independent of the direction of gravity

relative to the position angle under measurement, but which
depended solely on the direction of the measured position angle

relative to a fixed radius of the object-glass. Bessel attributed this

to non-homogeneity in the object-glass, and determined with great

care the necessary corrections. But he was so delighted with the

general performance of the instrument, with the sharpness of the

images, and the possibilities which a kindred construction offered

for the measurement of considerable angles with micrometric

accuracy, that he resolved, when he should have the choice of

& new telescope for the observatory, to secure some form of

heliometer.

f
Nor is it difficult to imagine the probable course of reasoning

which led Bessel to select the model of his new heliometer. AVhy,

he might ask, should he not select the simple form of Dollond's

first type ! Given the achromatic object-glass, why should not it be

divided ? This construction would give all the advantage of the

younger Dollond's object-glass micrometer and more than its sharp-

ness of definition, without liability to the systematic errors which
may be due to want of homogeneity of the object-glass ; for the lenses

will not be turned with respect to each other, but, in measurement,

will always have the same relation in position angle to the line

joining the objects under observation. It is true that the scale will

require to be capable of being read with much greater accuracy than

n'y^th of an inch—for that, even in a telescope of 10 feet focus, would
correspond with 2" of arc. But, after all, this is no pra'ctical diffi-

culty,—for screws can be used to separate the lenses, and, by these

Bcrews, as in a Gascoigne micrometer, the separation of the lenses

can be measured ; or we can have scales for this purpose, read by
microscopes, like the Troughton' circles of Piazzi or Pond, or those

of the Carey circle, with almost any required accuracy.

Whether Bessel communicated such a course of reasoning to

Fraunhofer, or whether that great artist arrived independently at

like conclusions, we have been unable to ascertain with certainty.

The fact remaius that before 1820'' Fraunhofer had completed

one or more of the five heliometers (3 inches aperture and 39 inches

focus) which have since become historical instruments. In 1824

the great Kbnigsberg heliometer was commenced, and it was com-
pleted in 1829.

To sum up briefly the history of tne heliometer. The first appli-

cation of the divided object-glass an(J the employment of double

images in astronomical measures is due to Savary in 1743. To
Bouguer in 1748 is due the tnie conception of measurement by
double ima^e without the auxiliary aid of a filar micrometer, viz.,

by changing the distance between two object-glasses of equal focus.

To DoUond in 1754 we owe the combination of Savary 's idea of

the divided object-glass with Bouguer's" method of measurement,

and the construction of the first really practical heliometers. To
Fraunhofer, some time not long previous to 1820, is due, so far as

we can ascertain, the construction of the first heliometer with an

> The cliclc3 by Helchenbach, then almost exclusively used In Germany, were

read by vemiers only.
» The diameter of Venus was mcisored with one of these belio-neters at tbe

^Mcr\-atoii ol Breslan by Brandos in IS-'O ^Berlin Jahihuch, 1824, p. 1G4>

the first heliometer of theachromatic divided object-glass, i.e.,

modem type

Douhle-Imnge Micromekrs with Divided Lenses

Various micrometers have been invented besides the heliometer

for measuring by double image. Kamsden's dioptric micrometer
consists of a divided lens placed in the conjugate focus of the inner-

most lens of the erecting eye-tube of a terrestrial telescope. The
inventor claimed thar u would supersede the heliometer, but it has

never done anything for astronomy. DoUond claims the independ-

ent invention and first coustiuction of asimilar instrument(Pearsou'3

Practical Astronomy, vol. ii. p. 182). Of these and kindred instru-

ments only two types have proved of practical value. Amici ol

Modena (J/cm. Soc. Jtal., xvii. (1815) pp. 344-359) describes a

micrometer in which a negative lens is introduced between Ui»

eye-piece and the object-glass. This lens is divided and mounted
like a heliometer object-glass ; the separation of the lenses produces

the required double ima^e, and is measured by a screw. Dawes
has very successfully used this micrometer in conjunction with a
filar micrometer, and finds that the precision of the measures is

in this way greatly increased [Monthly Notices, vol. xviii. p. 58,

and Mem. k A. S , vol., xxxv. p. 147).

In the improved form ' of Airv's dividea eye-glass micrometei

{Mem. R. 4. S., vol, xv. pp 199-209), the rays from the object'

glass pass successively through lenses as follows.

Lens
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<ircuUr dia| hiagra, fixed symmetrically with the axU of tliotolescopo

in frout of the JivideJ lens and turning with the micrometer, it

'» probable that his report ou the instrument would have been

jJill more favourable. This particular instrument has historical

interest, having led Struve to some of those criticisms of the

Pulkowa heliometer which ultimately bore such valuable fruit (see

below).

RamsJen {Phil. Trans., voL six. p. 419) has suggested the

division of the smill speculum of a Cassegrain telescope and the

production of douMe image by micrometric rotation of the semi-

apecula in the plane passing through their axis. Brewster {Ency.

Brit, 9tli ed., vol. xiv. p. US)) proposes a plan on a like principle,

by dividing the plane mirror of a Kewtonian telescope. Again,

in an ocular heliometer by Steinheil double image is similarly

(iroduced by a divided prism of total reflexion placed in parallel

rays. But practically tnese last three methods are failures. In

the last the field is full of false light, and it is not possible to give

sufficiently minute and steady separation to the images ; and there

are of necessity a collimator, two prisms of total reflexion, and a

email telescope through which the rays must pass ; consetjuently

there is great loss of light.

Uicromtters Depending on Dmible Refraction.

To the Abbe Rochon (Jour, it Phys., liii., 1801, pp. 169-198)

is due the happy idea of applying the two images formed by double

refraction to Uie construction of a micrometer. Ho fell upon a

most ingenious plan of doubling the amount of double refraction of

i prism oy using two prisms of rock-crystal, so cut out of the solid

»s to give each the same quantity of double refraction, and yet to

double the quantity in the effect produced. The combination so

formed is known as Eochon's prism. SucTi a prism he placed

between the object-glass and eye-piece of a telescope. The separa-

tion of the images increases as the prism is approached to the object-

glass, and diminishes as it is approached towards the eye-piece.

Arago {Comptes Rendxia, xxiv., 1847, pp. 400-402) found that

in Rocnon's micrometer, when the prism was approached close to

the eye-piece for the measurement of very small angles, the

smallest imperfections in the crystal or its surfaces were incon-

veniently magnified. He therefore selected for any particular

Bceasurement such a Rochon prism as when fixed between the eye

and the eye-pi«:e (i.e., where a sunshade is usually placed) would,

combined with the normal eye-piece employed, bring the images

about to be measured nearly in contact. He then altered the

magnifying power by sliding the field lens of the eye-piece (which

was fitted with a slipping tube for the purpose) along tne eye-tube,

till the images were brought into contact. By a scale attached to

the sliding tube the magnifying power of the eye-piece was deduced,

and this combined with the angle of the prism employed gave the

angle measured. Ify is the refracting angle of trie prism, and n
the magnifying power of the eye-piece, then p"ln will be the distance

observed. Arago made many measures of the diameters of the

planets Avith such a micrometer.

Dollond (Phil. Trans., 1821, pp. 101-108) describes a double-

image micrometer of his own invention in which a sphere of rock-

crystal is substituted f*r the eye-lens of an ordinary eye-piece. In

tma instrument (figs. 31, 32) n is the sphere, placed in half-holes on

Fig. 31. Fig. 32

the axii hb, so that when its principal axis is parallel to the axis of

the telescope it gives only one imago of the object. In a direction

perpendicular to that axis it must be so placed that when it is

moved by rotation of the axis bb the separation of the images shall

be parallel to that motion. The angle of rotation is measured on
the graduated circle C. The angle between the objects measured
is — rsin2fl, where r is a constant to bo determined for each mag-
nifying power employed,' and 9 the angle through which the

•phcre has been turned from zero (i.e., from coincidence of its prin-

cipal axis with that of the telescope). The maximum separation

u consequently at 45° from zero. The measures can be made on
bot)i sides of zero for eliminating index error. There are consider-

abfj difficulties of construction, but these have been successfully

' DoUond provides for changing ttic power by ftllillng the len> d Mwcr to or
^kttbei from c.

overcome by Dollond; and in the hands of Dawes (Mem. li. A. S.,

XXXV. p. 144 3q.) such instruments have done valuable service.

They are liable to the objection that their employment^ is limited

to the measurement of very small angles, viz., 13" or 14" when tho

magnifying power is 100, and varying inversely as the power. Yel

the beautiful images which these micrometers give permit the

measurement of very difficult objects as a check on measures with

the parallel-wire micrometer.

The iloiem ffeliometer.

The Konigsberg heliometer is represented in fig. 33. No part of

the equatorial mounting is shown in the figure, as it resembles

eyery respect the usual Fraunhofer mounting. An adapter h u

fixed on a telescope-

tube, made of wood,

in Fraunhofer's usu.il

fashion. To this

adapter is attached a

flat circular flange h.

Tho slides carrying

the segments of the

divided object-glass p. gg
are mounted on a B'

•

plate, which is fitted and ground to rotate smoothly on the flange

A. Rotation is communicated by a pinion, turned by the handle

c (concealed in the figure), which works in teeth cut on the edge

of the flange h. The counterpoise «• balances the head about

its axis of rotation. The slides are moved by the screws a and b,

the divided heads of which serve to measure the separation of the

segments. These screws are turned from tho eye-end by bevelled

wheels and pinions, the latter connected with the_ handles a', b'.

The reading micrometers e, f also serve to measure, independently,

tho separation of the segments, by scales attached to the slides;

such measurements can be employed as a check on those made by

the screws. The measurement of position angles is provided for

by a graduated circle attached to the head. There is also a posirion

circle) attached at m to the eye-end, provided with a slide to move
the eye-piece radially from the axis of the telescope, and with a

micrometer to measure the distance of an object from that axis.

The ring which carries tho supports of the handles a', b', <• is

capable of a certain amount of rotation on the tube. The weight

of the handles and their supports is balanced by the counterpoise 3.

This ring is necessary in order to allow the rods to follow the

micrometer heads when the position angle is changed. Complete

rotation of the head is obviously impossible because of the inter-

ference of the declination axis with the rods, and therefore, in some

angles, objects cannot be measured in two positions of the circle.

The object-glass has an aperture of 6J inches, and 102 inches focal

length.

There are tnree methods in which this heliometer can be used.

First Method.—One of the segments is fixed in the axis of the

telescope, and the eye-piece is also placed in the axis. Measures

are made with the moving segment displaced alternately ot oi>posito

sides of the fixed segment.
Second Method.—One segment is fixed, and the measUxM are

made as in the first method, excepting that the eye-piece is placed

symmetrically with respect to the images under measurement.

For this purpose the position angle of the eje-piece micrometer is

set to that of the head, and the eye-piece is displaced from tho

axis of the tube (in the direction of the movable segment) by an

an'ouut equal to half the angle under measurement.

Third Method.—ihe eye-piece is fixed in the axis, and the

scgnents are symmetrically displaced from the axis each by as

amount equal to half the angle measured.

Of these methods Bessel generally employed the first because ol

its simplicity, notwithstanding that it involved a resetting of the

right ascension and declination of the axis of the tube with each

reversal of the segments. The chief objections to the method are

that, as one star is in the axis of the telescope and the other dis-

placed from it, the images are not both in focus of tho eye-piece,'

and the rays from tho two stars do not make the same angle with

the optical axis of each segment. Thus the two images under
measurement are not defined with equal sharpness and symmetry.
The second method is free from the objection of non-coincidence in

focus of the images, but is more troublesome in practice fmm *he

necessity for frequent readjustment of the position of the eye-piece.

The third method is the most symmetricsl of all, both in obser-

vation and reduction ; but it was not emploj-cd by Bcsscl, on the
ground that it involved ihe determination of the errors of two
screws instead of one. On the other hand it is not necessary to

reset the telescope after each reversal of the segments.'

• Tho distances of tho optical centres of the eegmcnts from the eye-pleco are In

this method as 1 : secant of the angle under measuicment. In Bessel's heliometer
this would amount to a difference of T^^o^h of an Incli when an angle of 1° is

measured. For two degiccs the dlffcienco would amount to nearly ^'r.^h of all

inch. Bessel confined his mensurcs to distances consldcrobly less than l^
• In criticizing Besscrs choice of method:*, and ct^nsldeiliig tho loss of time

Evolved 1:; ca h, it must be rememtiered that Fraunhofer provided no meana of
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Vnien Bessel ordered the Kbnigsberg heliometer, he was anxious

to have the segments made to move in cylindiical slides, of whick
the radius should be equal to the focal length of the object-glass.

Fraunhofer, however, did not execute this wish, on the ground
that the mechanical difficulties were too great.

Wichmann states {Konigsb. Bcobach., xxx. p. 4) that Bessel had
indicated, by notes in his handbooks, the following jjoints which
should be kept ia mind in the construction of future heliometers:

—

(1) The segments should move in cylindrical slides ;' (2) the screw

should be protected from dust;^ (3) the zero of the position circle

should not be so liable to change ;' (4) the distance of the optical

centres of the segments should not change in different position

angles or otherwise; * (5) the points of the micromet" screws skould

rest on ivory plates ; ° (6) there should be an apparatus for changing

the screen.^

The elder Struve, in describing the Pulkowa heliometer.' made
by Merz in 1839 on the model of Bessel's heliometer, submits the

following suggestions for its improvement :'— (1) to give automatic-

ally to the two segments simultaneous equal and opposite move-

ment;' and (2) to make the tube of brass instead of wood ; to attach

the heliometer head firmly to this tube; to place the eye-piece perma-

nently in the axis of the telescope ; and to fix a strong cradle on the

end of the declination axis, in which the tube, with the attached

head and eye-piece, could rotate on its axis.

Both suggestions are important. The first is originally the idea

of DoUond (fig. 29) ; its advantages were overlooked by his son

(description of fig. 30), and it seems to have been quite forgotten

till resuggested by- Struve. But the method is not available if the

separation is to be measured by screws ; it is found, in that case,

that the direction of the final motion of turning of the screw must
always be such as to produce motion of the segment against gravity,

otherwise the " loss of time " is apt to be variable. Thus the

simple connexion of the two screws by cog-wheels to give them
automatic opposite motion is not an available method unless the

separation of the segments is independently measured by scales.

Struve'a second suggestion has been adopted in nearly all succeed-

ing heliometers. It permits complete rotation of the tube and
measurement of all angles in reversed positions of the circle ; the

handles that move the sfides can be brought down to the eye-end,

inside the tube, and consequently made to rotate with it ; and the

position circle may be placed at the end of the cradle next the eye-

end where it is convenient of access. Struve alpo points out that

by attaching a fine scale to the focussing slide of the eye-piece, and
knowing the coefficient of expansion of the brass tube, the means
would be provided for determining the absolute change of the focal

length of the object-glass at any time by the simple process of

focussing on a double star. This, with a knowledge of the tempera-

ture of the screw or scale and its coefficient of expansion, would

enable the change of screw value to be determined at any instant.

Or, if we suppose the temperature of the instrument to be the

same in all its parts, the changed scnle value becomes simply a

function of the reading of the focal scale.

Donn It is probable that the Bonn heliometer was in course of con-

oelio struction before these suggestions of Struve were published or dis-
meter. cussed, since its construction resembles that of the Konigsberg and

Pulkowa instruments. Its dimensions are similar to those of the

former instrument. Bessel, having been consulted by the cele-

brated statesman Sir Robert Peel, on behalf of the RadclifTe trus-

tees, as to what instrument, added to the RadclifTe Observatory,

reading the screws or even the heads from the eye-end. Bessel's piactice was to

nnclanip in declination, lower and reod off the head, and then restore the lele-

Bcope to its former declination reading, the clockwork meanwhile following Iho
stars in right ascension. The setting of both lenses symmetrically would, imder
suclj circumstances, be very tedious.

1 Tliis most important improvement would permit any two stars under measure-
ment each to be viewed in tlie optical axis of each segment. Tlie optical centres

of the segments would also remain at the same distance from the eye piece at all

angles of separation. Thus, in measuring the largest as well as tlie smallest

angles, the images of both stars would be equally symmetrical and equally well

in focus. Modern jieliometers made with cylindric;il slides measure angles over

Cue deuces, the images remaining as sharp and perfect as when the smallest

angles are measured.
J* Bessel found, in course of time, that the original corrections for the errors of

his screw were no longer applicable. He cnnsidered that the changes w ere due to

Vear, which would be much lessened If the screws were protected from dust.

3 The tube, being of wood, was probably liable to waip and twist in a very
nnceitain way.

4 We have been unable to find any published drawing showing how the seg-

ments are fitted in their ceMs.
5 We have been unable to ascertain the reasons which led Bessci to choose

ivcry planes for the end-beaiings of his screws. He actually Introduced them in

the Kbnigsbeig heliometer in 1840. and they were renewed In 1848 and 18.^0.

6 A screen of wire gauze, placed in front of the segment through which the

fainter star is viewed, was employed by Bessel to equalize the brilliancy of the

images under observation. An arrangement, afterwards described, has been
fitted in modem heliometers for placing the screen in front of either segment by

a handle at the eye-end.
' This heliometer resembles Bessel's, except that Its foot Is a solid block of

granite instead of the ill-conceived wooden structure that supported his Instru-

ment, The object-glass is of 7-4 inches aperture and 12-? Inches focus.
• Description di I'Obsetialoire c nCrat de PuUoira^ p, 208,

• Stelnheil applied such motion to a double-image micrometer made for Struve.

This instrument suggested to Struve the above-mentioned idea of employing a

similar motion for the helioir ster.

would probably most promote the advancement of astronomy,
strongly advised the selection of a heliometer. The order for the
instrument was given to the Repsolds in 1840, but " various circum-
stances, for which the makers are not responsible, contributed t*

delay the comi)letion of the instrument, which was not delivered
before the winter of 1848."'" The building to receive it was com-
menced in March 1849 and completed in the end of the same year.
This splendid instrument has a superb object-glass of TJ inchet
aperture and 126 inches focal length. The makers availed them-
selves of Bessel's suggestion to make the segments move in cylin-
drical slides, and of Struve's to have the head attached to a brass
tube

; the eye-piece is set permanently in the axis, and the whole-
rotates in a cradle attached to the declination axis. They provided
a splendid, rigidly mounted, equatorial otand, fitted with every
luxury in the way of slow motion, and scales for measurii.g the
displacement of the segments were read by powerful micrometara:
from the eye-end." It is somewhat curious that, though Stnive's-

second suggestion was adopted, his first was overlooked by the
makers. But it is still more curious that it was not afterwards eanieil

out, for the communication of automatic symmetrical motion to
both segments only involves a simple alteration previously de-
scribed. But, as it came from the hands of the makers in 1849, ther

Oxford heliometer was incomparably the most powerful and perfect,

instrument in the world for the highest order of micrometric
research. It so remained, unrivalled in every respect, till 1873; it.

remains still, optically, the most powerful heliometer in the world;
and, with a few alterations, it might almost rival the most recent

instruments in practical convenience and accuracy. These altera-

tions, all of which could be made without great difficulty, are the

following :

—

(a) Beyond the automatic sjmmetrical motion above-described,
the instrument should be fitted n ith means for adjusting the screens
from the eye-end (see footnote* iu last column).

(h) The arrangement of tlie scales should be changed. At present

both scales are read separately by separate micrometers, eacht

relative to a separate fiducial line. What the observer requires is

the difference of the readings of the two scales, and this can obvi-

ously be most quickly and accurately obtained if the edges of the
two scales are brought together, and both are read, relati\ely to

each other, by the same micrometer.

(c) The unsatisfactory motion in position angle should be replace*

by the action of a pinion (attached to the cradle) in the teeth of *
wheel (attached to the tube).'-

(d) The position circle should be read by telescopes or microscopes

attached to the cradle, and accessible from the eye-end.

(c) It would add greatly to the rapidity of work and the ease oE

the observer if a small declination circle were attached to the cross-

head, capable of being read from the eye-end.

As the transit of Venus of 1874 approached, preparations were
set on foot by the German Government in good time ; a commissioD-.

of the most celebrated astronomers was appointed, and it was re-

solved that the heliometer should be the instrument chiefly relieiH

on. The four long-neglected small heliometers made by Frauuhofer

were brought into requisition. Fundamental alterations were made;

upon them:—their wooden tubes were replaced by tubes of metal-

means of measuring the focal point were provided ; symmetrica)!

motion was given to the slides ; scales on each slide were pro\ ideal

instead of screws for measuring the separation of the segments, andE

both scales were read by the same micrometer microscope ; s.

metallic thermometer was added to determine the tenijerature of

the scales. These small instruments have since done admirable

.work in the hands of Schir. , Hanwig, Kustner, and Elkin.

^ The Russian Government ordered three new heliometers (each of RiuidaD

4 inches aperture and 5 feet focal length) from the Repsolds, and the Itelio-

design for their construction was superintended by Struve, Auwers, mttere.

' Jig. 34.

and Winnecke, the last-named making the necessary experiments at

Carlsruhe. Fig. 34 represents the type of instrument which re-

'0 Manuel Johnson. M.A., Radcliffc observer, Astronomieal Obierraliont made:

at the RadcUfTe Observatorv, Ox/oid, in the t/tar 1S50, Introduction, p. ili.

" The Illuminallon of these scales 's iiitcrestlng ns being the first application of

electricity to the Illumination of astronomical instruments Thin platinum wire.:

was rendered Incandescent by a voluic cui rent ; a small Swan light and condenser

would probably now be found more sutlsfactOTy.

" This has been recently carried out by_Stone, the present Raiciine otnervnc,

on Gill's suggestion.
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BuUeJ from their labo'irs. The brass tube, strengthened at the
bearing pointa by strong truly-turned collars, rotates in the cast-

iron cradle q attached to the declination axis, o is the eye-jiiece

fixed in that axis, 6 the micrometer for reading both scales.

Fig. 35.

t, d are telescopes for reading the position circle p, e the handle
for quick motion in position angle, /the slow motion in position

angle, g the handle for changing the separation of the segments
by acting on the bevel-wheel 9' (fig. 35). A is a milled head con-
nected by a rod with h' (fig. 35), for the
purpose of interposing at pleasure the
prism r in the axis of the reading micro-
meter ; this enables the observer to view
the graduations on the face of the metallic

thermometer tt (composed of arod of bi'asa

and a rod of zinc), i is a milled bead
connected with the wheel i'i'(fig. 35), and
affords the means of placing the screen s

(fig. 34), counterpoised by w over either

half of the object-glass, k clamps the
telescope in declination, n clamps it in
right ascension, and the handles m and
I provide slow motion in declination and
right ascension respectively.

The details of the interior mechanism
of the " head " will be almost evident
from fig. 35 without description. The
screw, turned by the wheels at j/, acts in
a toothed arc, whence, as shown in the
figure, equol and opposite motion is com-
municated to the slides by the jointed
rods V, V. The slides are kept firmly
down to their bearings by the rollers

»'i *> »", r, attached to axes which are, in
the middle, very strong springs. Side-
shake is prevented by the screws and
pieces t, k, k, k. Th^ scales are at n, n

;

they are fastened only at the mi^ldle, and
are kept down by the brass pieces I, t.

A similar heliometer was made by the
Repsolds to the order of Lord Lindsay c
for his Mauritius expedition in 1874. It
differed only from the three Russian in-

struments in having a mounting by the
Cookes in which the declination circle
reads from the eye-end. • This instru-
ment was afterwards most generously
lent by Lord Lindsay to Gill for his ex-
pedition to Ascension in 1877.°
These four Repsold heliometers proved

to be excellent instruments, easy and
convenient in use, and yielding rrsults
of very high accuracy in measuring dis-
tances. Their slow motion in position angle, however, was rot all

that could be desired. When small movements weie communi-
cated to the handle « (fig. 34) by the tangent sciew/, acting on
I small toothed wheel clamped to the rod connected with the driv-

ing pinion, there was apt to be a torsion of the rod rather than an
Immediate action. Thus the slow motion would take place by
'erks instead of with the neces.sary smoothness and certainty,
when the heliometer part of Lord Linds.iy'8 heliometer was ac-

' For a detailed description of this Instrument see Duneehl PuUicaltoitl, vol. If.

* Mem. Royal Atl'"onomical Society, vol. xlvl. pp. 1-172.

quired by Gill in 1879, he changed the manner of imparting the

motion in question. A s(iuare toothed racked whrel was applied to

the tube at r (lig. 34). This wheel is acted on by a tangent screw

whose bearings are attached to the cradle ; the screw is turned by

means of a handle supported by bearings

attached to the cradle, and coming within

convenient reach of the observers hand.

The tube turns smoothly in the racked wheel,

or ran be clamped to it at the will of the

observer. This alteration and the new equa-

torial mounfing have been ailniiiably made
by Grubb ; the result is com;rletely success-

ful. The instrument so altered has beeu

in constant use at the Cape Observatory

since March 1881 in determining the paiat

lax of the more interesting southern stars.

Still more recently the Repsolds have com
pleted a new heliometer for Yale College

New Haven, United States. The object-glasi

is of 6 inches aperture and 98 inches loca

length. The mounting, the tube, objective-,

cell, slides, &c., are all of steel.* The in-

strument is shown in fig. 36. The circles

for position angle and declination are read

by micrometer microscopes illuminated by
'"

the lamp L; the scales are illuminated by
the lamp I. T is part of the tube proper,

and turns with the head. The tube V, on the

contrary, is attached to the cradle, and merely forms a support for

the finder Q, the handles at/and j5, and the moving ring P. The
latter gives quick motion in position angle ; the handles at p
clamp and give slow motion in position angle, those at / clamj^

Fig. 36.

and give slow motion in right ascension and declination, a A
the eye-piece, b the handle for moving the segnicuiS, c ila- micro
meter microscope for reading the scales and sc.tIo micrometer, i
the micrometer readers of the position and declination circles, e

the handle for rotating the large wheel E which carries tha
screens. The hour circle is also read by microscopes, and the
instrument can be used in both positions (tube preceding and

• The primary object wbs to have tbe object-glnss mounted In steel cells, wMchmore nearly correspond In expansion with gloss. U became then desirable tomake tite head of steel (or sake ot uiiHoralty o( material, and the advantages ol
•tecl In lightness and rigidity tor the tube then became evident.
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following) for the elimination of the effect of flexure on the position

angles.

There is very little left to criticize in this instrument. It

embraces the results of all knowledge and experience on the subject

to the present time. In one point, however, modem heliometers

have a disadvantage compared with the older forms. A great

advance in accuracy was, no doubt, made when the sci'ew was
abandoned as a means both of moving and measuring the displace-

ment of the slides.' But it is obviously much quicker to read and

record the indication of one screw-head than to bisect two or four

ecale-divisions and enter the corresponding readings. Auwers, in

his researches on the parallax of 61 Cygni,^ was able, with

the Konigsberg heliometer, to make forty pointings in about an

hour ; it is quick work to make sixteen pointings (reading two
divisions on each scale at each pointing) with the modem heliometer

in the same time, when attention is paid to the desu-able reversals

of the segments and of the position circle and the resettings in right

ascension and declination. Now time during opportunities of good

definition (or otherwise)^ ia too precious to be sacrificed, if it can be

saved even by ten-fold labour afterwards. Carrington^ has suggested

the possible use of photography to record the readings of astro-

nomical circles, and since his day "Swan lights" and " sensitive

dry plates " seems to have brought his suggestion within the range

of practice. A special microscope, fitted with an aplanatic photo-

graphic objective and a well-contrived carrier, might be made
automatically to expose a different part of a narrow dry plate, by
mere pressure or turning of a button after each bisection. Each
plate might easily record the sixteen bisections which constitute a

complete measure of two pairs of stars (as in a parallax determina-

tion). As it is only necessary to photograph two divisions of each

scale, the photographic enlargement of these divisions need only be
limited by the sensitiveness of the plates and the power of the

illumination to produce a picture in a conveniently short space

of time. The plates employed at night could be conveniently
developed the following day and measured with a special apparatus
at any convenient time and with almost any desired accuracy.

Were such a system reduced to practice it would at least double,
perhaps treble, an observer's possible output of work.

Gill has introduced a powerful auxiliary to the accuracy of helio-

meter measures in the shape of a reversing prism placed in front

of the eye-piece, between the latter and the observer's eye. If

measures are made by placing the imago of a star in the centre

of the disk of a planet, the observer may have a tendency to do so

eystematically in error from some acquired habit or from natural
astigmatism of the eye. But by rotating the prism 90° the image
is presented entirely reversed to the eye, so tiiat in the mean of

measures made in two such positions personal error is eliminated.

Similarly the prism may be used for the study and elimination of

personal errors depending on the angle made by a
double etar with the vertical. The best plan of
mounting such a prism has been found to be the
following. I', I- (fig. 37) are the eye lens and field lens

respectively of a Slerz positive eye-piece. In this

construction the lenses are much closer together and
the diaphra^ai for the eye is much farther from
the lenses than in Eamsden's eye-piece. The prism ^^S- 37.

p is fitted accurately into brass slides (care has to be taken in

the construction to place the prism so that an object in the

centre of the field will so remain when the eye-piece is rotated in

its adapter). There is a collar, clamped by the screw at S, which
is so adjusted that the eye-piece is in focus when pushed home, in

its adapter, to this collar. The prism and eye-piece are then
rotated together in the' adapter

On the theory of the heliometer and Its bbo constilt Bessei, AstronomUche
VntertuchungerUt vol. 1.; Hansen, Aus/iifirUche Meihode mil dem Fraunhofertchen
ffetiomet€r aruutitrien, Gotha, 1827; Chauvenet, Spherical arid Practicai Astro-

nomy, voL 11. pp. 403-436. Philadelphia and London, 1870 ; SeeliRcr, TJieorie

dtt Beltomelera, Leipsic, 1877 ; Lindsay and Gill, Dunecht Fubticationt, vol. II.,

buneclit (for private circulation), 1877: Gill, Memoirt Gf thd Koyat Attronomical
BKUty, VOL iItL pp. 1-172.

Micrometert which Involve the Employment of the Diurnal Motion.

Advantage is often taken of the diurnal motion to measuie the

relative positions of stars. The vnrieties of reticules and scales that

have been employed are far too numerous even for mention in

detail The following are the means and methods by which most
work has been done, and they are tj-pical of aU the others. In tlie

focus of his meridian -telescope Lacaille had a brass diaphragm iu

I Screws, as Auwers'n discussion of Bessel's observations (" Parallaxe von 61

Cygul." Abhandlungen der KonigL Akad. der \yistenscha/len tu Bertin, 1868) has
shown, are apt to wear and chanpe tlieii- errors. It Is, hesides, undesirable to apply

force and friction to a delicate standard of measure.
' Ailran. Jfachrichlen, No. 14IC.
• For example, in determining the diurnal parallax of a planet the most

favourable conditions are limited on the one hand hy the nncertainties of lefrac-

tlon at large zenith distances, and on the other by the small parallax factors of
small zenith distances. It would probably be best to secure all the observations
between fiO' and 60' ZD, and this would only be possible with special facilities for

reading the scales.

« Monthly SolUet B. A. S., vol. IXJ. p. 46.

which was cut a hole, having parallel, sharp, straight edges of the
shape shown in fig. 38. The longer diagonal of the ihomboid
so formed was at right angles, and the snorter parallel, to the
diurnal motion. The method of observation consisted in noting
the instant of ingress and egress of each star which presented itself

The mean of the times thus noted for each star gave the time of itj

transit over the imaginary line ab, whilst tlic (liC'eruiico bitwecD
the instant of ingress and that of
egress (converted into arc by the
known approximate declination) gave
the length of the chord traversed by
the star parallel to the imaginary
line cd. Hence (the dimensions of
the rhomboid being known) the differ- c-
enco of the star's declination fiom
the line cd became known (the ob-
server was of course careful to note
whether the star passed to north or
south of cd). Thus every star that
crossed the field was observed, all ^
their right ascensions were referred „.

to the clock-time of passing ab, and '8'

aU their declinations to that of cd ; hence their mutual diffel*

ences of right ascension and declination were known. In this

way, in the short space of ten months, Lacaille observed nearly ten

thousand stars at the Cape of Good Hope iu the years 1761-52.'

Fraunhofer's ring micrometer consists of a ring of steel, very truly

turned, mounted in a hole cut in a circular disk of glass. The ring ia

placed in the focus of a telescope, and viewed by a positive eye-piece.

The observer notes the instants when the two objects enter and
emerga from each side of the ring. The only data required for com-
puting the difference of right ascension and declination of the two
objects are the times above mentioned, the diameter of the ring
and the approximate declination of one of the objects. The latter

is always known. Th.e methods of determining the former and of

reducing the observations are to be found in every work on practical

astronomy. The ring micrometer has been largely used in obserV"

ing comets.

Argelandor, in mal;'.ig his famous survey of the northern heavens,'

employed a semicircle of glass, the straight edge of which (traly

ground) crosses the centre of the field of view at right angles to thi

diurnal motion of the stars. Differences of right ascension wert

dirrotly observed at this edge, whilst differences of declination were

noted by strong dark lines drawn at right angles to the edge at each
10' of arc. A telescope of 3 inches aperture with a magnifying power

of 10 diameters commanded a field of 3° 20' ia declination. One
observer was placed at the telescope, another at the clock. The
telescope observer marked the instant when the star touched the

glass edge, by calling shai-ply the word "eight" or "nine," &c.,

which also Indicated the magnitude ; the same observer also noted

and recorded the reading of the declination scale (where the star

crossed it), without removing his eye from the telescope. The
clock observer wrote down the magnitude called out by the telescope

observer, and the instant by the clock when the word was given.

The two records were then compared after the observations of the

night were over. In this way Schonfeld and Kraegcr (Argelander's

assistants) observed and catalogued about three hundred tliousand

stars. The probable error of an observation is about ±07 sec in

right ascension and ±0''4 in declination.

Bond' employed a very similar arrangement, differing only from

Argcladder's in having the scale cut on a sheet of transparen - m ica

•n^inrth of an inch in thickness. Very oblique illumination v.as

employed, and the divisions and figures were seen briglit upon a

dark background. The range of declination was limited to 10',

the scale was divided to 10", the right ascensions were observed by

chronographio registration, and the great refractor of the Cambridge

U. S. Observatory (with an apertnre of 15 inches and power of 140)

was employed. 'The probable errors in right asceiision and declina-

tion were found to be ±0-06 sec. in right ascension and ±0"-6 in

declination—results of marvellous accuracy considering the amount

of work accomplished in a short time and the faintness (eleven to

twelve magnitudes) of the stars observed.

We were on the point of criticizing Bond's programme na some-

what too ambitious for realization without cooperation (it would

take about twenty-six thousand hours of observing to carry out the

scheme for the northern hemisphere alone) when we received from

Peters of Clinton, U. S., the first twenty maps of a series which will

include the whole of the sky between declination -t- 30° and - 30°. If

wo consider that all the stars in these maps of the eleventh magni-

tude or brighter have been observed by a method similar to Bond's,

that the CDonnoaa additional labour of frequent revision has been

undertaken, and all stars visihie with a power of 80 in a telescope of

13 inches aperture (about fourteenth magnitude) have been filled in

~i Lacaille. Cx/um Au.trale Slelli/entm, Paris. 1763, and A Catalogve of 87«»

Sta'-!. from Obiervationt c/ LacaUle, Lonion, lSi7.

« l»Oi dt! .Ve 'd'trhen Oeslirnttn Ifimmtll Bonn. 1863, Introdnction.

7 Annah <tflht Atlrmomical Cluircatorf, UartKird College, vol. 1. part IL
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by alienment, aiul that all Ihis results from the unaided labour of a

nngleobsfrcer, we find that our ideas of the possible have to be modi-

fied, when such a man undertakes a work with persistent unity of

purpose for more than twenty years (1860-83).
, . ,. ..

There is an ingenious mode of repistsiing ditfereuces of declination

that has been in use at the Berlin Observatory since 1879, and is

described bv Dr Knarre in the Zcitschrift far Insti-umcntcnlcunde

for July 1881. Tlie instrument is called a decUiiograph. It has a

web moved in declination by a quick-acting scri.w ;
the same screw

carries a travelling pricker or point. The observer having bisected

a star by the wire has simply to compress an india-rubber ball con-

nected by a flexible tube with a thin metal box made on the prin-

ciple of the vacuum chamber of an aneroid barometer. The ex-

pansion of this box so produced brings a sheet of paper in contact

with two prickers, one the movable pricker before mentioned, the

other a fixed pricker. The action of the vacuum box also

antomatically shifts the paper (a long roll) by a small quantity at

each observation, so that successive observations are recorded in

regular order. To obtain the observed diflerenccs of declination it

is then only necessary to measure with a glass scale (divided for

the special telescope to 10") the distance of each record of the

moving pricker from the fixed pricker. It is found, with this

deciinograph on the Berlin equatorial, that the observed declina-

tions have only a probable error of ±0"'9. It is obvious that by

using a chronograph in conjunction with this instrument both

right ascensions and declinations could be -recorded with great

accuracy and rapidity.

Miscellaneous Micrometers.

Parallel Clausen in 18-11 {Ast. Naeh., No. 414) proposed a form of micro-

glass meter consisting of a divided plate of parallel glass placed within

micro- the cone of rays from the object-glass at right angles to the

netor. telescope axis. One half of this plane remains fixed, the other

half is movable. When the inclination of the movable half with

respect to the axis of the telescope is changed by rotation about an

axis at right angles to the plane of division, two images are pro-

duced. The amount of separation is very small, and depends on

the thickness of the glass, the index of refraction, and the focal

length of the telescope. Secchi {Co:nples Rendus, xlL, 1855, p.

906) gives an account of some experiments with a similar micro-

meter ; and Porro {Comptes Rendus, .';li. p. 1058) claims the original

invention and construction of such a micrometer in 1842. Clausen,

however, has undoubted priority. Helmholtz in his " Ophthalmo-
meter " has employed Clausen's principle, but arranges the plates

80 that both move symmetrically in opposite directions with respect

to the telescope axis. Should Clausen's micrometer be employed
as an astronomical instrument it would be well to adopt the im-
provement of Helmholtz.

3ba(t Burton and Grubb (Monthly t^otices, Tol. xli. p. 59), after calling

micro- attention to Lament's paper (Jahrbueh der K. S. h. Miinehen, p.

mater. 18?) and Littrow's paper (Proe. of Vienna Acad, of Sciences, vol. xx.

p. 253) on a like subject, proceed to describe a most ingenious form
of " Ghost Micrometer," iu which the image of a fine line or lines

ruled in (or rather cut through) a silver film deposited on glass is

formed at the common focus of an object-glass and eye-piece of a

telescope. A faint light being thrown on the outside of the silvered

plate, there appear bright lines in the field of view. We have not
had an opportunity of testing this, nor Grubb's more recent
models j but, should it be found possible to produce such images
satisfactorily, without distortion and with an apparatus convenient
and rigid in form, such micrometers will probably supersede the
filar micrometer. Their absolute freedom from diffraction, the
perfect control of the illumination and thickness of the lines, and
tiio accuracy with which it will be possible to construct scales
for zone observations will be important features of the new
method.

For the use of micrometers in connexion with the microscojie,
see p. 277 of the present volume. (D. GI.)

MICRONESIA. The term "Micronesia" embraces
that region of the Pacific north of the great Melanesian
islands, where, either perhaps from a greater or more rapid
subsidence, or from the decreasing activity northwards of
the coral builders, the islands become, generally speaking,
smaller and fewer, and finally cease. Accordingly, except-
ing the Marianas or Ladrones, which are of volcanic
origin, and a few isolated instances of elevation in the
Carolines, the Micronesian islands, though many of the
groups cover a vast area, are almost without exception very
amall low coral (atoll) formations. Besides the Ladrone
and Caroli.ve Islands (q.v.) Micronesia includes the
Marshall and Gilbert groups, and some geographers
include the Anson group, a number of small widely^

. scattered islets to the west of Hawaii, the Magellan

group farther west, and the Benin Islands north of the

Ladrones.'

North-easterly winds prevail during the winter months

over the Marshalls, Ladrones, and Carolines, except in

the extreme <*est, while between Jlay and September the

influence of the monsoon causes unsettled weather from

the west, with heavy gales. In the Gilberts the south-east

trade-wind brings fine weather at this season.

The ethnological features of Micronesia are much more

definite than the geographical, for its populations form

one great branch of the fair Polynesian race, distinguished

from the other by well-m?.rked differences in appearance,

language, and institutions. Its ethnological relations are

not thoroughly understood. The proximity of Japan and

the Philippines on the west and of the Papuan and South

Polynesian islands on the south and south-east suggests,

what in fact we find, a combination of elements in different

degrees of fusion. In some places the oblique Mongolian

eye is noticed, and (along with certain Indo-Chinese

customs) there is often a scantiness of beard and general
" Malay " look which increases westwards, and seems to

imply relations with the archipelago subsequent to the

departure thence of the pure Polynesians. In the Gilberts

the traces of Polynesian (Samoan) influences are evident,

and are confirmed by tradition. Among the Carolines and
the Llarshalls darksr and more savage communities are

found, suggesting a Melanesian element, which is further

traceable in the Ebon (Marshall) and other languages.

Each of the four groups, from long isolation, has devel-

oped peculiarities of its own. The most advanced were

the " Chamorros " of the Ladrones, owing to the greater

natural resources of the islands, and perhaps more frequent

contact with influences from the west ; but as a separate

people they no longer exist, -having been nearly extermin-

ated by the Spaniards in the 17th centtiry. Next in

advancement come the Carolines. The general type is a

well-proportioned rather slightly built figure, with small

and regular features ; head high and well-proportioned,

but forehead rather retreating, and narrow at the temples

;

cheek bones and chin slightly prominent ; colour somewhat
darker than the Polynesians, the Marshalls being darker
and more vigorous than the Carolinss, whUe the Gilbert

type is still darker and coarser. The upper class greatly

surpasses the common people in physique and intelligencf.

There is a peculiar division of society into septs or
clans, the membership of which constitutes the closest tie.

Persons of the same, sept must not intermarry, and .when
two islands or communities meet in war the members of

one sept, however widely separated by distance of space

or time, will not injure or fight with each other. Each
community is usually composed (but there are local differ-

ences) of—(1) an upper class of chiefs, from among whom
the head (lamol or iros) is chosen

; (2) a lower but stiil

noble class ; and (3) common people, mostly without
rights of property. These last are only aUowed one wife.

Assemblies of the chiefs everywhere limit the kingly
authority. In the Marshalls the sovereign has lost his

control over many of the atoUs, and in the Gilberts the

above distinctions have nearly disappeared; the headship
has lapsed, and, especially in the southern islands, the man
of largest substance is the most powerful, and sometimes
establishes a local supremacy. Here and there are traces,

as in Tonga, of a spiritual sovereign, the descendants
probably of a conquered dynasty. Succession is through
the female side, which assures to women a certain position,

' These islands, which contain a mixed immigrant population, ar«

claimed, and have been recently surveyed, by Japan. But they wer\
annexed to England by Captain Beechey in 1827." (See Von Kittlitz,

DenkuiirdigkeUen einer Reise naiK .... Mikronesien, &c., vol. ii.>



M I C — M I G 257
and leads besides to some curious results (see paper by
Kubary in Das Ausland, 1880, No. 27). The upper class

are the keepers of traditions, boat-builders, leaders of

expeditious ; tattooing is generally done by them, the

amount increasing with a man's rank ; the custom here

still has definite religious associations. Both sexes are

tattooed. The people are singularly amiable and weU
disposed, but will repay ill usage with treachery. The
women (although chastity is not expected before niarfiage)

are somewhat more moral than the Pol3Tiesians, and are

treated with respect, as are the aged. The natives are

polite and hospitable to strangers (except on the poorer and
ruder islands), bright and intelligent, active traders, expert

cultivators and fishermen. They have a hand-loom from
which beautiful fabrics of banana, hibiscus, and other fibres

are produced. The Marshall Islanders are the boldest

and most skilful navigators in the Pacific. Their voyages

of many months' duration, in great canoes sailing with

outrigger to windward, weU-provisioned, and depending on
the skies for fresh water, help to show how the Pacific

was colonized. They have a sort of chart, medo, of small

sticks tied together, representing the positions of islands

and the directions of the winds and currents. A two-edged

weapon, of which the blade is of sharks' teeth, and a
defensive armour of braided sennit, are also peculiar to the

islands ; a large adze, made of the Tridacna gigag, was
formerly used in the Carolines, probably by the old

builder race.

The languages of Micronesia, though grammatically alike, differ

widely in their vocabularies. They have the chief characteristics

of the Polynesian, with Malay affinities, and peculiarities such as the
use of suffixes and inseparable pronouns and, as in Tagal, of the infix

to denote changes in the verb ; in the west groups there is a tend-
ency to closeJ syllables and double consonants, and a use of the pala-

tals ch, j, sh, the dental th, and s (the last perhaps only in foreign

words), which is alien to the Polynesian. These letters are

wanting in the Gilbert language, which differs considerably from
all the ethers, and has much greater affinities with the Polynesian.

The religious myths are generally identifiable with the Polynesian,

but a belief in the gods proper is overshadowed by a general

deification of ancestors, who are supposed from time to time to

occupy certain blocks of stone, set up near the family dwelling, and
earrounded by circles of smaller ones. These stones are anointed
with oil, and worshipped with prayer and offerings, and are also used
for purposes of divination, in which, j^nd in various omens, there is

a general belief. In the Marshalls, in place of these stones, certain

ps3m trees are similarly enclosed. The spirits also sometimes
inhabit certain birds or fishes, which are then tabu, as food, to the
family ; but they will help to catch them for others. All this

closely recalls the karwars or ancestral images of New Guinea.
Temples are very rare, though these blocks of coral are sometimes
surrounded by a roofless enclosure opening to the west. The bodies

of the dead, and sometimes even of^the sick, are despatched to sea

westwards, with certain rites ; those of the chiefs, however, are

buried, for the order has something essentially divine about it;

their bodies therefore are sacred, and their spirits naturally assume
the position above described. Such a belief greatly strengthens the

king's authority, for the spirits of his ancestors are necessarily more
powerful than any other spirits. Thus too it comes that the chiefs,

and all belonging to them, are tabu as regards the common people.

There are various other subjects and occasions , of tabu, but the

institution has not the oppressive and all-pervading character

which it has in Polynesia. Its acrion is often economical or

charitable, e.g., the ripening cocoa-nuts are tabu as long as the bread-

fruit lasts, thus securing the former for future use ; or it is put on
after a death, and the nuts thus saved are given to the family

—

a kindness to them, and a mark of respect for the dead.

The flora of the Gilbert and Marshall groups is of the usual

jceanic character, with close Indo-Malay affinities. It is much
poorer than that of the Carolines,' with its Moluccan and Philip-

fine elements, and this again is surpassed by that of the Ladrones.

n the Gilberts the scattered woods of cocoa-palm and Pajidanus
have little undergrowth, while the south Marshalls, being within the
belt of constant precipitation, have a dense growth of (mostly) low
trees and shrubs, with here and there a tropical luxuriance and
variety unusual on atolls. The Pandanus grows wild profusely, and
is of exceptional importance, being the chief staple of food, so that

* About 180 species have been observed on Eusaie, one-fourth of

all the plants being ferns.

the cocoa-nnt, which, however, flourishes chiefly in the Gilberts, is

used mainly to produce oO for exportation. The bread-fruit grows
chiefly in the south Marshalls. The taro (Arum cordifoUum
and others) is cultivated laboriously, deep trenches being cut in
the solid rock for its irrigation, but this and other plants of cultiva-
tion, and indeed the vegetation generally, fall off in number and
quality northwards. Various vegetables are grown on soil im-
ported for the purpose. Marine plants are rare. Wilkes found on
Makin Island, Gilbert group, a " fruit resembling the gooseberry,"
called " teiparu," from which a preserve is made. This seems very
like the tipari or Cape gooseberry of India (Physalis peruviana).
And their karaka, a drink made from the sap of the flower-stalk of
the cocoa-palm (uafermented before the arrival of Europeans), recalls
the arrack of southern Asia.

The fauna, li^i^ the flora, becomes poorer eastwards, birds being
much more numerous on the high islands than on the atolls, where
the few are chiefly aquatic. On Bonabe (Puynipet) out of twenty-
nine species eleven are sea birds, and of the remaining eighteen seven
are peculiar to the island. From the Pelews fifty-six species are
recorded ( twelve peculiar), and from the neighbouring Mackenzie
group (Ulithi) twenty (six peculiar). Yet curiously no species is

recorded common to these two groups and peculiar to them. The
common fowl is found everywhere, wild or tame, and in some places
is kept for its feathers only. The ra.t and a Pteropus are the only
indigenous land mammals. The Indian crocodile is found as far

east as the Pelews. There are five or six lizards, including a
Oecko and Ailephorus. Insects are numerous, but of few kinds.
Scorpions and centipedes are common, but are said to be harmless.
The houses in the Gilberts and Marshalls (much less elaborate

than in the Carolines) consist merely of a thatched roof resting on
posts or on blocks of coral about 3 feet high, with a floor at that
level, which is reached from an opening in the centre. On this

the principal people sleep, and it serves as a storehouse in-

accessible to rats, which infest all the islands.

The Marshall archipelago consists of two nearly parallel chains
of atolls, from 100 to 300 miles apart, the west known asEalik, the
east as Ratak. They lie between 4° 30' and 12° N., and between
165° 15' and 172° 15' K, and run about N.N.W. and S.S.E.
They were discovered in 1529 by Saavedra, who, observing the fine

tattooing of the inhabitants (the first allusion to the practice in

the Pacific), called them Los Pintados. Among modern voyagers
Walli* first visited them in 1767 ; Captains Marshall and Gil-

bert reached thein in 1788, and Kotzebue (1816) explored them
more thoroughly. Each gioup contains fifteen or sixteen atolls,

which range from 2 to 50 miles in circumference. An anomalous
feature is reported on some of them, viz., that the greater pro-
portion of land, or at all events of soil, is not found as usual on the
windward side of the lagoon, for the prevailing north-east wind
sweeps, it is said, the materials of which the soil of such islands is

composed across to the lee side. Jaluft Island is the commercial
emporium of the whole region. There is a curious tradition on
Ebon Island of the Darwinian fact that the atoll once formed the
barrier reef of an island now snnk beneath the lagoon. The popula-
tion of Ratak is about 6000, of Ralik 4000 ; there is Uttle intercourse
between the two groups.

The' Gilbert archipelago, discovered by Byron in 1765, is

geographically a south continuation of the Marshalls, the channel
separating them being 50 leagues wide. It lies between 2° 40'

S. and 3° 20' N., and between 172° 30' and 177° 15' E., and con-
tains sixteen atolls, not including two hilly islands, Banaba and
Nawodo, which lie 5° to 6° to the we«t. Several have good anchorages
inside the lagoon, with entrances on the lee side. On some the lee

or west reef is wanting, owing to the abrading force of the west
storms. During these large trees are washed ashore, their roots

containing pieces of fine basalt, of which implements are made.
There is a far larger proportion of land to submerged reef and
lagoon than in the Marshalls, the land sometimes rising 20 feet

above the sea, whereas in the Marshalls the average level of the

reef rock is less than a foot above the surface ; but, though the

supply of fresh water is exceptionally great, in fact enough for the

luxury of a bath, the soil (especially in the south) is very much less

productive. Yet the population, about 50,000, is exceptionally

dense. The usual scattered houses are replaced by compact lows

of roofs which, shaded by cocoa-palm, and each with its boat-shed

below, line the shore, "rheir numbers are unchecked either by the

constant practice of abortion or by fighting, to which they are

much addicted, their weapons being more formidable than those

of their neighbours. This exceptional vigour may be due to the

decidedly hybrid character of the race. Hawaiian missionaries,

under American superintendence, have laboured here since 1857.

See also Flndlay's Sailiti} Directioni for Iht North Pacific ; Roper's Horth

Pacific Pilot and Nautical Magatine. vols. xxxl. and xxiv. Other authoiitle*

are Geiland In Waltti Anthropologic der .Vatui-reiirr. toI. t.; Meintcke. Die

Jmeln del SlUlev Oceans; Hale's Elltnografh]/ and Phllologti of WiHet'i U. S.

Exploring Erpedition; Kotzebue ana Chftmtsso, Entdectunglrtiie tn die SuditM-

Proc. Zool. Boc, 187S and 1877. (C. T.>

MtCKOPHONE. See Tklephoni.
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MICEOSCOPE
THE microscope L< an optical instrument for the ex-

amination of minute objects or parts of objects,

which enlarges the visual pictures formed upon the retina

of the observer by the rays proceeding from them.

Microscopes are distinguished as simple or compound.

In the former, the rays which enter the eye of the observer

come from an object brought near to it after refraction

through either a single lens or a combination of lenses

acting as a single lens,—its action as a "magnifier " depend-

ing on its enabling the eye to form a distinct image of the

object at a much shorter distance than would otherwise be

possible. The latter consists of at least two lenses, so placed

relatively to the object, to the eye, and to one another that

an enlarged image of the object, formed by the lens placed

nearest to it (the " object-glass "), is looked at through the

lens nearest the eye (the "eye-glass"), which acts as a

eimple microscope in "magnifying" it; so that the com-

pound microscope may be described as a simple microscope

used to look at an enlarged image of the object, instead

of at the object itself.

History of the Simple Microscope.—Any solid or liquid

transparent medium of lenticular form, having either one

convex and one flat surface or two convex surfaces whose

axes are coincident, may serve as a "magnifier,"—what is

essential being that it shall have the power of so refract-

ing the rays which pass through it as to causei widely

diverging rays to become either parallel or but slightly

divergent. Thus if a minute object be placed on a slip of

glass, and a single drop of water be carefully placed upon

it, the drop will act as a magnifier in virtue of the con-

vexity of its upper surface ; so that when the eye is

brought sufficiently near it (the glass being of course held

horizontally, so as not to distort the spherical curvature of

the drop) the object will be seen much enlarged. And if

a small hole be made in a thin plate of metal, and a

minute drop of water be inserted in it, this drop, having

two convex surfaces, will serve as a stLU mor6 powerful

magnifier. There is reason to believe that the magnify-

ing power of transparent media with convex surfaces was
very early known. A convex lens of rock-crystal was
found by Layard among the ruins of the palace of Nimrud.
And it is pretty certain that, after the invejition of glass,

hollow spheres blown of that material and filled with

water were commonly used as magnifiers (corap. vol. xiv.

p. 677). The perfection of gem-cutting shown in ancient

gems, especially in those of very minute si2e, could not

have been attained without the use of such aids to the

visual power; and there can be little doubt that the

artificers who could execute these wonderful works could

also shape and polisi the magnifiers best suited for their

owa or others' use. Though it is impossible to say when
convex lenses of glass were first made by grinding, it is

quite certain that they were first generally used to assist

ordinary vision as " spectacles," the use of which can be
traced back nearly six centuries ; and not only were
spectacle-makers the first to produce glass magnifiers (or

simple microscopes), but by them also the telescope and the

compound microscope were first invented. There seems
flo reason to believe, however, that lenses of very high

magnifying power (or short focus) were produced until

a demand for them had been created by the introduction

of the compound microscope, in which such lenses are

reqtiired as "object-glasses"; and the diflSculty of working
lenses of high curvature with the requisite accuracy led in

the first instance to the employment of globules made by
fusing the ends of threads of spun glass. It was in tk-s

way that Robert Hooke shaped the nunutest of the lenses

with which he made many of the numerous discoveries

recorded in his ilicrographia; and the same method was

employed by the Italian microscopist Father Di Torre. It

seems to have been Leeuwenhoek that first succeeded in

grinding and poUshing lenses of such short focus and

perfect figure as to render the simple microscope a better

instrument for most purposes than any compound micro-

scope then constructed,—its inferiority in magnifying power

being more than counterbalanced by the superior clearness

of the retinal picture. And, in despair of any such modi-

fication in the compoimd form as should remove the optical

defects which seemed inherent in its plan of construction,

scientific opticians and microscopic observers alike gave

their chief attention for a considerable period to the

improvement of the simple microscope. In order that the

nature of these improvements may be understood, the

principle of its action must be first explained.

The normal human eye has a considerable power of self-

adjustment, by which its focal length is so varied that it

forms equaUy distinct pictures of objects brought within

ordinary reading distance (say 10 inches) and of objects

whose distance is many times that length,-—the size of the

visual picture of any object diminishing, however, with

the increase in the distance to which it is removed, and the

amount of detail distinguishable in it following ^the same
proportion. Thus a man who looks across the street at a

placard posted on the opposite Wall may very distinctly see

its general form and the arrangement of its heading, and may
be able to read what is set forth in its largest type, whilst

unable to separate the lines, stUl more to read the words,

of what is set forth below. But by crossing the street

so as to bring his eye nearer the picture he finds himself

able, to read the smaller type as easily as he before read

the larger,—the visual picture on his retiaa having been
magnified, say 10 times In linear dimension, by the

reduction of the distance of his eye from 40 feet to 4.

Similarly, if he holds a page of excessively minute type at

arm's length (say 40 inches) from his eye, he may be unable

to read it, not because his eye does not form a distinct

retinal picture of the page at that distance, but because
the details of that picture are too minute for him to

distinguish them. But if he brings the page from 40
inches to 10 inches distance, he may be able to read it

without difficulty,—tfco letinal picture being enlarged four

times linear (or sisice-i times superficial) by this approxi-

mation. Now the rays that enter the eye from each point

of a remote object diverge so little as to be virtually

parallel ; but the divergence increases with the approxima-
tion of the object to the eye, and at 10 inches the angle
of their divergence is as wide as permits the ordinary eye
to bring them to a focus on the retina. When the object

is approximated more closely, an automatic contraction of

the pupU takes place, so that the most diverging rays of

each pencil are cut off, and a distinct picture may be
formed (though not without a feeling of strain) when the
object is (say) from 5 to 8 Inches distant,—giving still

greater minuteness of visual detail in conformity with the
increafje of size. A further magnifying power may be
obtained without the interposition of any lens, by looking
at an object, at 2 or 3 Inches distance, through a pin-hole
in a card; for by thus cutting off the more divergent
rays of each pencil, so as to admit only those which can
bo made to converge to a focus on the retina at that
distance, a distinct and detailed picture may be obtained,
though at the expense of a great loss of Ught. Moreover,'
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althougli an ordinary eye does not form a distinct pictiu-e

of an object at less than from 10 to 6 inches distance, a
" myopic " or " short-sighted " eye (whose greater refractive

power enables it to bring rays of wider divergence to a
focus on the retina) may form an equally distinct picture

of an object at from 5 to 3 inches distance ; and, as the

linear dimensions of that picture will be double that of the

preceding, the object wiU be "magnified" in that propor-

tion, and its details more clearly seen.

The effect of the interposition of a convex lens between
the eye and an object nearly approximated to it primarily

consists in its reduction in the divergence of the rays of

the pencils which issue from its several points, so that

they enter the eye at the moderate divergence which they

would have if the object were at the ordinary nearest limit

of distinct vision. And, since the shorter the focus of the

lens the more closely may the object be approximated to

the eye, the retinal picture is enlarged, causing the object

to appear magnified in the same proportion. Not only,

however, are the component rays of each pencil brought

from divergence into convergence, but the course of the

pencils themselves is changed, so that they enter the eye

under an angle corresponding to that under which they

would have arrived from a larger object situated at a

greater distance ; and thus, as the picture formed upon the

retina by the small object ab, fig. 1,' corresponds in all

Fio. 1.—Action of Simple Microscope.

respects with that which would have been made by the

same object AB of several times its linear dimension

viewed at the'nearest ordinary limit of distinct vision, the

object is seen (by the formation of a " virtual image ") on

a magnified scale.

It is obvious that the "magnifying power" of any
convex lens so used is measured by the ratio between the

dimensions of the retinal picture formed with its assistance

and those of the picture formed by the unaided eye. Thus,

if by the use of a convex lens having 1 inch focal length

w'e can form a distinct retinal image of an object at only

au inch distance, this image wiU have ^en times the

Lnear dimensions of that formed by the same object at a

distance of 10 inches, but will be only eight times as large

as the picture formed when the object can be seen by

ordinary vision at 8 inches distance, and only four times

as large as the picture of the same object formed by'

a

myopic eye at ja, distance of 4 inches. It is usual to

estimate the magnifying power of single lenses (or of com-

binations that are used as such) by the number of times that

their focal length is contained in 10 inches,—that of 1 inch

focus being thus taken as ten times, that of -^ inch as

one hundred times, and so on. But the rule is obviously

arbitrary, as the actual magnifying power varies in each

individual with the nearest limit of distinct vision.
_
Thus

for the myopic who can see an object clearly at 4 Inches

distance, the magnifying powers of a 1 inch and -^g inch

lens will be only 4 and 40 respectively. The amplifying

power of every single convex lens, however, is impaired (1)

by that inability to bring to the same focus the rays which

fall upon the central and the marginal parts of its surface

which is called "spherical aberration," and (2) by that

dispersion of the rays of different wave-lengths, in virtue

of their different refrangiblhties, which produces coloured

fringes around the points and lines of the visual picture,

and is therefore called "chromatic aberration" (see Light).
These aberrations increase with the " angle of aperture

"

given to the lens, that is, witt the proportion between the

diameter of its actual " opening " and the focal distance of

the object; and thus, when a single lens of very short

focus is used in order to gain a high magnifying power,

such a reduction of its aperture by a perforated diaphragm
or "stop" becomes necessary (in order, by excluding

the peripheral rays, to obtain tolerable "definition"

vnth freedom from false colour) that the amount of

light admitted to the eye is so small as only to allow the

most transparent objects to be thus viewed, and these

only very imperfectly. In order to remedy this draw-

back, it was proposed by Sir D. Brewster to use instead

of glass, in the construction of simple microscopes, such
transparent minerals as have high refractive with low

dispersive power; in which case the same optical effect

coiiid be obtained with lenses of much lower curvature,

and the aperture might be proportionately enlarged. This

combination of qualities is found in the diamond, whose

index of refraction bears such a proportion to that of glass

that a diamond lens having a radius of curvature of 8 would
give the same magnifjdng power as a glass lens whose radius

of curvature is 3, while the "longitudinal aberration"

(or distance between the foci of central and of marginal

rays) would be in a diamond lens only one-ninth of that

of a glass lens having the same power and aperture. Put-

ting aside, however, the costliness of the material and the

difficulty of working it, a source of imperfection arises from

a frequent want^af homogeneousness in the diamond crystal,

which has proved sufficient to make a lens worked from it

give a double or even a triple image. Similar attempts

made by Mr Pritchard with sapphire proved more successful

;

and, as a sapphire lens having a radius of curvature of 5

has the same focus and gives the same magnifying power

as a crown-glass lens having a radius of 3, it was found to

bear a much larger aperture without serious impairment

by either spherical or chromatic aberration. As the

sapphire, however, possesses the property of double refrac-

tion, the duplication of the markings of the object in their

retinal image constitutes a very serious drawback to the

utility of lenses constructed of this mineral; for, though

the double refraction may be reduced almost to nothing

by turnin- ilie conver side of the lens towards the object,

yet, as tiiis is the worst position in regard to spherical

aberration, more is lost than is gained. Fortunately,

however, for biological investigators working with simple

microscopes, the introduction of the Wollaston doublet

superseded the necessity of any further attempts at turning

costly jewels to account as high-power magnifiers.

Wollaston Doublet.—This consists of a combination of

two plano-convex lenses, whose focal lengths (as directed by

Dr Wollaston) should be as 3 to 1, with their plane sides

turned towards the object,—the smaller lens being placed

lowest, and the upper lens at a distance of one and a half

times its focal length above it. This construction, how-

ever, has been subsequently improved—(1) by the introduc-

tion of a perforated diaphi-agm between the lenses ; (2) by

a more effective adjustment of the distance between the

two lenses, which seems to be most satisfactoiy when it

equals the difference of their respective focal lengths,

allowance being made for their thickness ; and (3) by the

division of the power of the lower lens (when a shorter

focus than j\ inch is required) into two, so as to form

a "triplet" \Mien combinations of this kind ,!>rfi w»U
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constructed, spherical aberration is almost whouy got rid

of, and chromatic dispersion is so slight that the angle of

aperture may be considerably enlarged vitbont much
sacrifice of distinctness. Such "doublets" and "triplets,"

having been brought into use in England while the com-

pound microscope still retained its original imperfections,

proved very serviceable to such as were at that time

prosecuting minute biological investigations : for example,

the admirable researches of Dr Sharpey on ciliary action

in animals (1830-35) and Mr Henry Slack's beautiful

dissections of the elementary tissues of plants, as well as

his excellent observations on vegetable cyclosis (1831),

were made by their means. No one, however, would now
use ^Yollaston " doublets " or " triplets " of high power in

place of a compound achromatic microscope ; and for the

simple microscopes of low power that are useful either for

dissecting or for picking out minute specimens (such as

diatoms) other constructions are preferable, as giving a

larger field and more light. As a hand-magnifier the
" Coddington " lens—which is a sphere of glass with a

deep groove ground out of its equatorial portion—has

many advantages.' By making this groove sufficiently

deep, both spherical and chromatic aberrations can be

rendered almost insensible ; and, as the rays falling on any

part of the spherical surface can only pass to the eye either

through or near the centre, the action of every part of that

surface is the same, so that the image of the object will be

equally distinct (when properly focussed) whether its parts

Ue nearer to the axis of the sphere or more remote from it,

or the axis be itself turned to one side or the other. Again,

it was mathematically shown by Sir John Herschel in 1821
that by the combination of a meniscus with a double con-

vex lens—the four surfaces of these lenses ha\'ing certain

proportionate curvatures—spherical aberration could be

entirely extinguished for rays parallel to the axis, the

combination being thus an " aplanatic " doublet, while

another combination, which he termed a "periscopic"

doublet, gives a remarkable range of oblique vision with

low powers, and almost entirely extinguishes chromatic

aberration, although at the expense of residual spherical

aberration. These combinations have been mounted both

as hand-magnifiers and as single microscopes, for both
which purposes they are much superior to single lenses of

the same magnifying power. But such combinations have
been greatly improved by the introduction of concaves of

flint glass, so as to render them achromatic as well as

aplanatic ; and nothing, according to the writer's experi-

ence, can now be used with greater advantage for all the
purposes answered either by the simple microscope or

the hand-magnifiej: than Browning's " platyscopic " lenses

or the "achromatic doublets" of Steinheil of Munich.
Each of these combinations gives a large flat field, with
plenty of light, admirable definition, and freedom from
false colour.

At the period when " doublets " of very short focus were used in
order to obtain high magnifying power, it was rcnuisite to miiunt
these on such a stand as would enable the focal adjustment to be
made, and would admit the use of a special illuminating apparatus
with great exactness. But now that comparatively low powers
only are employed the ordinary rack-and-piniou movement is quite
sufficient for their focal adjustment, and nothing more is required

' It is difficult to understand how the name of Coddington came to
be attached to the grooved sphere, seeing that he neither was nor
claimed to be the inventor of it. Dr WoUaston's first "doublet"
consisted of a pair of plano-convex lenses with their plane surfaces
opposed to each other, and a diaphragm with central aperture placed
between them. Sir D. Brewster showed that this construction is roost
advantageous when the two lenses are hemispheres, and the central
aperture between their two plane surfaces is filled up by a transparent
cement having the same refractive index is glass. And from this the
transition is obvious to the grooved sphere, which had been made for
Sir D. Brewster long before the high commendation it received from
Mr Coddingtou brought it into general repute.

• for the illumination of the object than a conc^•v€ jnirror beneett

the stage when it is tranS|iarent, and s condensirn\ lens above wher

it is opque The various patterns of simple micirecopo now madi

by dillcrent makers vary in their construction, chitlly in regard tc

portability, the size of their stages, and the mode it ^l•hich " rests'

or supports to the hands are provjded. These, in Continental in

strunicnts, are very commonly attached to the staji' ; but, unless

the stage itself and the pillar to which it is fixed ire extremely

massive, the resting of the hands on the supports is n[t to depress

the stage in a degree tjiat affects the local adjustmen*. ; and whero

portability is not an object it seems better that the h.ind-sufport?

should bo independent of the stage. , For a laboratory n\on>.icopei

the pattern represented in fig. 2 has been found very ci i\»>nisjt,—

the framework being of mahogany or other hard wood Ihrt stage

Fig. 2.—Laboratory Dissecting Microscope.

being large enough to admit a dissection or carry a water-trough

of considerable size, and the bent aim that carries the "" powers

"

being made capable of reversion, so as to permit the use of lenses

of very long as well as of very short focus. As it is desirable that

the stage should not be acted on chemically by sea-water, acids, or

othei- reagents, it may be made either of a square of plate-glass or of

a plate of ebonite with an aperture in the middle ; and either of

these may be made to slide in grooves In the side supports, so that

one may be substituted for the other. The arm may be easily

made {if desired) to carry the body of a compound microscope, so

as to apply it to the examination of objects dissected or otherwise

prepared under the simple microscope, without transferring them
to another instrument. A portable form of simple microscope is

shown in fig. 30.

Compound Microscope.—The placing of two convex lense.»

in su'-h relative positions that one should magnify an

enlarged image of a small near object formed by the other

naturally soon followed the invention of the telescope, and

seems to have first occurred to Hans Zansz or his son

Zacharias Zansz, spectacle-makers at Middelburg in Hol-

land, about 1590. One of their compound microscopes,

which they presented to Prince ilaurice, was in the year

1617 in the possession of Cornelius Drebell of Alkmaar,
who then resided in London as mathematician to king
James I. In order to make clear the successive stages by
which the rude and imperfect microscope of that period

has, after remaining for two centuries unimproved ip any
essential particular, been developed within the last half-

century into one of the most important instruments of

scientific research that the combination of theoretical

acumen and manipulative skill has ever produced, it is

necessary to explain the principle of its construction, and
to show wherein lay the imperfection of its earlier form.

In its simplest construction, as already stated, the

compound microscope consists of only two lenses,—the

"object-glass" CD, fig. 3, which receives the light-rays direct

from the object AB placed near it, and forms an enlarged
but reversed image A'B' at a greater distance on the other
side.^nd the "eye-glass" LM, which receives the rays that
diverge from the several points of this image as if they
proceeded from the points of an actual object occupying
the position and enlarged to the dimensions A'B', and
brings these to the eve at E. so altering their course as to
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act as a simple mi Toscope in magnifying that image to the
cbserver. It %va3 early found useful, however, to interpose
another lens FF, fig. 4 (the " field-glass "), between the
oijject-glass and lie image formed by it, for the purpose
Oi giving such a slight convergence to the pencil of rays as
slvaU reduce the dimensions of the iimage, and thus allow
a larjrer part of it to come within the range of the eye-

flO. 3.— Diagrom of Simplest i'lo. 4. —Diagram of Complete
Forni of Compound Micro- Compound Microscope,
scope.

glass, so that more of the object can be seen at once.

And it was soon perceived that the eye-glass and the

field-glass might be advantageously combined into an
" eye-piece," in which a perforated diaphragm might be

.inserted at the focal plane of the image {i.e., in the focus of

the eye-glass), so as, by cutting off the peripheral portion

of the field of view, to limit it to what can be seen with

tolerable distinctness.

It is obvious that the magnifpng power of such an
instrument would depend (1) on the proportion between

the size of the image formed at BB and that of the

ELctual object, and (2) upon the magnifying power of the

eye-glass. And further the proportion which the sLze of

the image bears to that of the object depends upon two
factors,—(1) the focal length of the object-glass, and

(2) the distance between the object-glass and the plane

BB occupied by the image it forms. If we diminish

the focal length of the object-glass, the object must be

brought nearrr to it, so that, while the distance of the

image on the other side remains unchanged, that distance

comes to bear a larger proportion to the distance of the

object, and the size of the image is augmented in a cor-

responding ratio. On the other hand, the object-glass

remaining unchanged, the distance at which it forms the

image of the object can be increased by a lengthening of the

tube of the microscope ; and, as this involves a shortening

of the distance between the object-glass and the object, the
proportion which the former bears to the latter is augmented,
and the image is correspondingly enlarged. Thus an
increase in the magnifjring power of the compound micro-

scope may be gained in three moides, which may be used
either sei^arately or in double or triple combiaation,—viz.,

(1) shortening the focus of the object>glas», (2) lengthening
the tube of the microscope, and (3) increasing the magnify-
ing power of the eye-glass by shortening its focus. This,

it may be remarked, also lengthens tho diotance of the

image from the object-glass, by bringing the fncal plane
BB nearer the eye-glass. The second of these methods
was not unfrequently used in the older microscopes, which
were sometimes made to draw out like telescopes, so as to

increase the amplifying power of their objectrglasses. But,
whilst very inconvenient to the observer, such a lengthen-

ing of the one distance involved such a shortening of the

other as greatly impaired the distinctness of the image by
increasing the aberrations of the object-glass, so that this

method came to be generally abandoned for one of the other
two.

When lenses of from 1 to 4 inches tocus were used as

object-glasses, and their apertures were restricted by a stop

to the central part of each, tolerably distinct linages were
given of the larger structural arrangements of such objects as

sections of wood or the more transparent wings of insects,

—

which images would bear a further moderate enlargement
by the eye-glass without any serious deterioration either by
want of definition or the introduction of colour-fringes.

But when lenses of less than 1 inch focus were employed
in order to obtain a higher magnifying power, the greater

obliquity of the rays so greatly increased their aberrations

that defective definition and the introduction of false

colours went far to nullify any advantage obtainable from
the higher amplification , while the limitation of the

aperture required to keep these aberrations within even

moderate limits occasioned such a loss of light as most
seriously to detract from the value of the picture. On the

other hand, the use of deeper eye-pieces to enlarge the

images formed by the object-glasses not only brought out

more strongly all the defects of those images, but introduced

a new set of errors of their own, so that very little was
gained by that mode of amplification. Hence many of th«i

best of the older micrpscopists (notably Leeuttenhoek,
g.v.) made some of their most valuable discoveries by the

use of the simple microscope ; and the amount of exceUest

work thus done surprises every' one who studies the history

pf microscopic inquiry. This was still more the case, as

already stated, when the use of single lenses of very short

focus was superseded by the introduction of the WoUaston
doublet. And the substitution of these doublets for the

single lenses of object-glasses, while the single lens of the

eye-glass was replaced by a Herschel's aplanatic doublet,

and the field-glass was a convex lens whose two curves had

the proportion of 1 : 6 (the form of least spherical aberra-

tion), constituted the greatest improvement of which the

instrument seemed capable in pre-achromatic times.^

It has been only within the last sixty years (1820-30)

that the microscope has undergone the important improve-

ment which had been worked out by Dollond in the

refracting telescope more than sixty years previously,

—

namely,-the correction of the chromatic aberration of its

objectives by the combination of concave lenses of flint-

' This combination was made in the first microscope of whicK the

writer became possessed, about the year 1830 ; and he well recollect!

the great superiority to any compound microscope of the old conetnic-

tion which was proved by its power of separating the lines on the

Menelau3 scale, and of bringing into view the details of the structure of

animsflcules, with a clearness that only on achromatized ebject-glass

could surpass.
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glass with -lonvex leases of crown, while their spherical

aberration is corrected by the combination ^as in Herschel's

aplanatic doublet) of convex and concave sxirfaces of

different curvatures. The minute size and high curvature

of the lenses required as microscopic objectives were long

considered as altogether precluding the possibility of success

in the psoduction of such combinations, more especially

as the conditions they would have to meet differ altogether

from those under which telescopic object-glasses are

employed. For the rays from distant objects fall upon the

latter with virtual parallelism ; and the higher the power

required the longer is the focus given to them, and the

emalJor is the deflexion of the rays. In the microscope, on

the othsr hand, the object is so closely approximated to the

objective that the rays which proceed to it from the latter

have always a very considerable divergence ; and the

deflexion to which they are subjected increases with that

reduction of the focal length of the objective which is

the necessary condition of the increase of its magnifj-ing

power. And thus, although the telescopic "triplet"

worked out by Dollond (consisting of a double-concave of

flint glass, interposed between two double-convex lenses of

crown) can be so constructed as to be not only completely

aplanatic (or free from spherical aberration) but almost

completely achromatic (or free from clu'omatic aberration),

this constructiou is only suitable for microscopic objectives

of long focus and small angular aperture, the rays falling

on which have but a very moderate divergence. And
though, as will presently appear, some of the early attempts
at the achromatization of the microscope were made in

this direction, it was soon abandoned for other plans of

construction, which were found to be alike theoretically

and practically superior.

It seems to have been by Professor Amici, then of

Modena, about 1812, that the first attempts were made at
the achromatization of microscopic objectives ; but, these
attempts not proving successful, he turned his attention to
the production of a reflecting microscope, which was a
decided improvement upon the non-achromatized compound
microscopes then in use. In the year 1 820, however, the
subject was taken up by Selligues and Chevalier of Paris,
who adopted the plan of superposing three or four com-
binations, each consisting of a double-convex of crown
cemented to a plano-concave of flint. The back combina-
tion (that nearest to the eye) was of somewhat lower power
than those placed in front of it, but these last were all of
the same focus, and no attempt was made by these opticians
to vary the construction of the several pairs thus united,
BO as to make them correct each others' aberrations.
Hence, although a considerable magnifying power could
be thus obtained, ^^•ith an almost complete extinction of
chromatic aberration, the aperture of these objectives
could not bo greatly widened without the impairment of
the distinctness of the image by a "coma" proceeding
from uncorrected spherical aberration.

In ignorance, it would appear, of what was being done
by the Paris opticians, and at the instigation of Dr Goring
(a scientific amateur), Mr Tulley—well known in London
as an able constructor of telescopic objectives—began,
about the year 1824, to work object-glasses for the micro^
scope on the telescopic plan. After many trials i he
succeeded, in 1825, in producing a triplet of ^V inch focus,
admitting a pencil of 18°, which was so well corrected as
to perform very satisfactorily with an eye-piece giving a
magnifying power of 120 diameters. He aftersvards made
a similar triplet of shorter focus, which, when placed in

' It is due to Mr Joseph J. Lister to mention that TuUey's final
incceas with this low power seems to have been attained by working
on . suggestion given him by that gentleman. See Monthly Micro-
tcypicttl Journal, vol. iii. (1870), p. 134.

front of the previous one, increased the angle of the trans-

mitted pencil to 38°. and bore an eye-piece giving a

magnifj-ing power of 300 diameters. These triplets are

said by Mr Ross to have never been exceeded by any similar

combinations for accurate correction throughout the field.

Having come into possession, at the end of 1826, of

an objective of Chevalier's construction, Mr J. J. Lister

carefully examined its properties, and compared them with

those of Tulley's triplets ; and this comparison having led

him to institute further experiments he obtained results

which were at first so conflicting that they must have

proved utterly bewildering to a lesa acute mind,^ but which

finally led him to the enunciation of the principle on which

all the best microscopic objectives are now constructed.

For he discovered that the performance of such com-

posite objectives greatly depends upon the relative position

of their component combinations,—the effect of the flint

plano-concave upon the spherical aberration produced by

the double-convex of crown varying remarkably according

to the distance of the luminous point from the front of the

objective. If the radiant is at a considerable distance, the

rays proceeding from it have their spherical error under-

corrected ; but, as the source of light is brought nearer to

the glass, the flint lens produces greater proportionate

effect, and the under-correction diminishes, until at length

a point is reached where it disappears entirely, the rays

being all brought to one point at the conjugate focus o£

the lens. This, then, is one aplanatic focus. If, however,

the luminous point is brought still nearer to the glass, the

influence of the flint continues for a time to increase, and
the opposite condition of over-correction shows itself. But,

on still further approximation of the radiant, the flint

comes to operate with less effect, the excess of correction

diminishes and at a point still nearer to the glass vanishesy

and a second aplanatic focus appears. From this point:

onwards under-correction takes the place of over-correction,

and increases till the object touches the surface of the

glass. As every such doublet, therefore, has two aplanatic

foci for all points between which it is over-corrected, while

for all points beyond it is under-corrected, the optician is

enabled to combine two or more doublets with perfect

security against spherical error. This ^iU be entirely

avoided if the rays be received by the front glass from its

shorter aplanatic focus, and transmitted through the back
glass in the direction of its longer aplanatic pencil. By
the approximation of the two doublets over-correction wilJ

be reduced, while their separation will produce under-cor-

rection ; and thus, by merely varying the distance between
two such combinations, the correction of the spherical

error may be either increased or diminished according to a
definite rule. Slight defects in one glass may thus be
remedied by simply altering its position in relation to the
other,—an alteration which may be made with very little

disturbance of the colour-correction. This important
principle was developed and illustrated by !Mr Lister in a
memoir read to the Royal Society on January 21, 1830,
On some Propfrties in Achromatic Object-glasses, applicable
to the Imvrovemenl of the Microscope ; and it was by work-
ing on the lines there laid down that the three LondoD
opticians Ross,^ Powell, and James Smith soon pro-

- Thus he found that, while each of Chevalier's doublet combina-
tions, when used singly, presented a "bur" or "coma" outwards,
this coma, instead of being exaggerated by the combination of two of
these doublets, was much diminished. On the other hand, while
two of Tulley's triplets, each of which performed admirably by
itself, were used together, the images of all objects not in the centii
presented a strong bur inwards with an under-correction of colour.

' In 1837 Mr Lister gave Mr Ross a projection for an objective ot
\ inch focus, in which a triple front was combined with two doubleta.
The great superiority of this lens, admirably executed by MrEoss, caused
him to adopt its plan .as the standard one for high powers; and it is still

in general use,— the back lens also being sometimes made as a triplet.
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duced microscopic objectives that surpassed any then con-

structed on the Continent, while the subsequent adoption

of the same principles by French and German opticians,

s? aJso by Professor Amici of Florence, soon raised their

objectives to a corresponding leveL

It has proved more advantageous in practice to

make the several components of an achromatic objective

correct each others' aberrations than to attempt to render

each perfect in itself ; and the. mode in which this is

accomplished will vary with the focus and angular aperture

given to each combination. Thus, while a single " telescopic

triplet " answers very well for the lowest power usually

made (4 inches focus), and the same plan may be used

—

though at the sacrifice of angular aperture—for objectives

of 3 inches, 2 inches, and even 1 inch focus, the best per-

formance of these powors requires the combination of two
doublets. And, while- this last system also serves for

objectives of f inch and ^ inch of low angle, a third com-
ponent is required for giving to these objectives the

ajierture that renders them most serviceable, as well as for

all higher powers. Instead of combining three achromatic

doublets, however, many makers prefer placing in front a
plano-convex of crown, and adding a third lens of crown to

the doublet tt the back, still using a doublet in the middle,

—

the whole combination thus consisting of sLs lenses, four

of crown and two of flit t.> . Further, Mr Wenham has
shown that the whole colour-correction may be effected in

the middle by interposing a double concave of dense flint

between two double-convex lenses of crown,—the back lens,

08 well as the front,- being then a plano-convex of crown,

making five lenses in 'aU. This plan of construction, though
auita,ble to objectives of moderate angular aperture, and
advantageous in regard to comparative simplicity and
economy of construction, does not seem so well adapted for

objectives to which the largest attainable aperture is to be
given,—these being usually constructed with a triplet in

front, a doublet in the middle, and a triplet at the back, so

as to consist of eight separate lenses. Aud the first-class

constructors of achromatic objectives in the United States

usually place in front of these, in their highest powers, a
single plano-convex of crown, by the addition of which a
greater working distance can be obtained. But, as every

such addition increases the liability to error from imper-

fections in the centring and grinding of the lenses (as

weU as loss of light by the partial reflexion of oblique

rays from their surfaces), it is obvious* that the mjsf exact

workmanship, involving a proportionate costliness, is

required to bring out the fuU effect of such complex con-

struction. And where angular aperture is regarded as the

quality of primary importance it will be • usually found
preferable to have recourse to objectives constructed on
either the " water " or the " oil " immersion system, to be
presently described.

The great increase thus attained in the perfection

of the corrections of microscopic objectives for both
spherical and chromatic aberration of course rendered

it possible to make a corresponding increase in their

angular aperture. The minute scales of the wiugs of

l^atterflies and other insecls" were naturally among the

objects much examined; and it was soon perceived that

certain lines and other markings became clearly discernible

on these scales with objectives of what was then considered

lajge angle which were utterly undistinguishable with

Qon-acteomatized microscopes (however high their magnify-

ing power), and very imperfectly shown under achromatic

objectives of small angle. Hence these scales came to be

used as " test-objects," for judging of the " definition " and

"resolving power" of microscopic objectives,—the former

property consisting in the cleazness, sharpness, and freedom

&om false colour of the microscopic images of boundary

Fia 5.—Scale of Morpha
Tnerulatu.

lines, and depending on the accuracy with which the aber-

rations are corrected, while the latter term designates that

power of separating very closely approximated markings

which is now known to be a
"function" of aperture. The
insect-scales formerly most valued

for these purposes were those of

the Morpho menelaus (fig. 5) and
the similarly lined scales of the

Polyommatus argus (arure-blue),

the "battledoor" scales of the

same butterfly (%. 6), the ribbed
scales of the Zepisma saccharina

(sugar-louse), and the minute and
peculiarly marked scales of the

Lepidocyrtus curvicollh (fig. 7),

commonly known as the Podura,
The writer recollects the time
when the satisfactory "resolu-

tion " of the first three of these

tests was considered a sufficient

proof of the goodness of even
high-power objectives, and when
the /"ocfwra-markings, if visible at all, could only be dis-

tinguished as striae. The further opening-out of the

aperture, however, enabled these striae

to be resolved into rows of " exclama-

tion marks " ; and, while there is stul

some uncertainty as to the precise

structure of which these markings are

the optical expression, practical op-

ticians are generally agreed that the

PorfMra-scale is very useful as a test

for definition, with even the highest

objectives, though it only serves as a
test for a very moderate degree of re-

solving power. For the. latter purpose

it has been completely superseded by
the closely approximated markings of

the silicified envelopes of certain pjg_^ g .J 23^4,^30^,,

diatoms (which, however, show them- Scale of Polyomma-

selves in very different aspects accord- '*" avgus.

ing to the conditions under which they are viewed, figs,

8-11), and also by lines artificially ruled on glass, as in

Nobert's "test-plate," the number
of lines in the nineteen bands of

which is stated by M. Nobert

to range from 1000 to 10,000

to a Paris line, while Dr Ko'yston

Pigott gives the numbers in an

English inch as 11,529 to the inch

in the first band, and 112,595

in the nineteenth. This last

dimension (as will afterwards

appear) approaches the minimum
distance at which such markings

are theoretically separable by any
magnifying power of the micro-

scope.

The enlargement of the angle-

of aperture of microscopic ob-

jectives and the greater complete-

ness of their corrections, which

were obtained in the first in- Fio. 7.

stance by the adoption of Mr
Lister's principles, and were de- gciie ; "B, small "scale, more

monstrated by the resolution of fainUy marked,

the test^objects then in use, soon rendered sensible an

imperfection in their performance under certaia circran-

stances, which had previously passed unnoticed ; and thn

-Tes t-Scales of Podnra
{Lepidocyrtus curvicoUis).

A, large, strongly mwVed
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important discovery was made by Mr Andrew Ross that

a very decided difference exists in the precision of the

image according as the object is viewed with or without

a covering of thin glass, as also according as this cover is

thin or thick.* As this difference increases in proportion

to the widening of the aperture, it would obviously be a

Fig. 8. Fig. 9.

eeeQe^oeeoei
Fig. 10. Fig. 11.

Portions of Siliceous Valve of Pleunsigma angulatum, from a Photo-

graph takea by Central Illumination. Magnified 2000 diameters.

source of great error and embarrassment u a means could

not be found for its rectification. Its optical source, how-

ever, ' having been found by Mr Ross to lie Ln the

"negative aberration" which is produced in the rays

proceeding from the object to the front glass of the objec-

tive by. .the interposition of the plane-glass cover, and

which" increases with its thickness, his practical ability

enabled him at the same time to indicate the remedy,

which consists in under-correcting the front lens and over-

correcting the two pos-

terior combinations, and
in making the distance

between the former and
thiB latter capable of

adjustment by means of

a screw-collar, as shown

in fig. 12. For when
the front pair is approxi- g
mated most nearly to the

next, and its distance

from the object is in-

creased, its excess of

positive aberration is

more strongly exerted

upon the other two pairs

than it is in the con- Fro. 12.—Section of Adjusting Achromatic

trary conditions, aai'^^i'"'^-G\!^^- >^.^^cos<>Tci; ^.covered.

thus neutrdlizes the negative aberration produced by the

interposition of the covering-glass. This correction is not

needed for objectives of low or medium power and small

angle of aperture ; but it should always be provided when
the angle exceeds 50°,—unless (as is now generally done

' Trans. Soc. of Arts. vol. "

in the case of objectives constructed for students' use)

the maker adjusts them originally, not for uncovered

objects, but for objects covered with glass of a standard

thickness, say 0005 or 0004 inch. A departure from

that standard to the extent of one or two thousandths of

an inch in either direction, though extremely injurious

to the performance of objectives whose aperture is 125° or

more, scarcely makes itself perceptible in those of 90° or

100°. And the same may be said in regard to the

immersion-objectives next to be described, which are

peculiarly suitable to the purposes of minute histological

research.

Immersion System.—It was long since pointed out by
Professor Amici that the introduction of a drop of water

between the front surface of the objective and either the

object itself or its covering-glass would diminish tlio loss

of light resulting from the passage of the rays from the

object or its covering-glass into air, and from air into the

front glass of the objective. It was obvious to him, more-

over, that when the rays enter the object-glass from water,

instead of from air, both its refractive and its dispersive

action will be so greatly changed as to need an important
constructive modification to meet the new condition. This
modification seems never to have been successfully effected

by Amici himself ; but his idea was taken up by the two
eminent Paris opticians, MM. Hartnack and Naehet, who
showed that the application of what is now known as the

"immersion system " to objectives of short focus and large*

angular aperture is attended, not merely \\-ith the advan-

tages expected by Professor Amici, but with others on which
he did not reckon. As the loss of light by the reflexion of

a portion of the incident rays increases with the obliquity

of their incidence, and as the proportional loss is far smaller

when the oblique ra3'3 pass into glass from water than
when they enter it from air, the advantage of increas-

ing the angular aperture is more fully experienced

with "immersion" than with "dry" objectives,—^just as

Professor Amici anticipated. But, further, the immer-
sion system allows of a greater working distance between
the objective and the object than can be attained with a
dry or air objective having the same angular aperture

;

and this increase affords not only a greater freedom of

manipulation, but also a greater range of " penetration
"

or " focal depth." Further, the observer is rendered so

much less dependent upon the exactness of his cover-

correction that it io found that water-immersion objectives

of high power and considerable angular aperture, extremely
weU adapted for the ordinary purposes of scientific inves-

tigation, can be constructed without it,—a small departure

from the standard thickness of covering-glass to which such

objectives are adjusted by the maker having scarcely any
effect upon the distinctness of the image. It is now the

practice of several makers to supply two fronts to objectives

of -ji- or yV inch focus, one of them fitting the objective for

use "dry" (that i.s, in air), whilst the substitution of the

other converts it into a water-immersion objective. And
in the objectives constructed on Mr Wenham's system no
change in the front glass is needed, all that is necessary for

making them work as iramersion-lonses being a yet closer

approximation of the front lens to the second combination,

which can bo made by the screw-collar.

Within the last few years, however, the immersion
system has undergone a still further and most ini|)ortant

development, by the adoption of a method orij^nally

suggested by Mr Wenham (though never carried out by
him), and independently suggested by Mr .Stephenson to

Professor Abbe of Jena, under whose direction it was first

worked out by Zeiss (the very able optician of Jens), who
has been followed by Powell and Lealand of Lon<lon, as

well as by several other constructors of achromatic objec-
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tives both in England and elsewhere, with complete

success. This method consists in the replacement of the

water previously interposed between the covering-glass and

the front glass of the objective by a liquid having the same

refractive and dispersive powers as crown-glass, so that the

rays issuing at any angle from the upper plane surface of

the covering-glass shall enter the plane front of the objec-

tive, without any deflexion from their straight course, and
without any sensible loss by reflexion,—even the most

oblique rays that proceed from the object keeping their

direction unchanged until they meet the back or convex

surf&ce of the front lens of the objective. It is obvious

that all the advantages derivable from the system of water-

immersion will be still more thoroughly attained by this

system of " homogeneous " immersion, provided that a fluid

can be obtained which meets its requirements. After a

long course of experiments. Professor Abbe found that oil

of cedar wood so nearly corresponds with cro^vn-glass, alike

in refractive and in dispersive power, as to serve the

purpose extremely well, except when it is desired to take

special advantage of the most divergent or marginal rays,

oil of fennel being then preferable. There are, however,

strong objections to the use of these essential oils in the

ordinary work of research ; and it seems not unlikely that

a solution of some one or more saline substances will be

found more suitable. In addition to the benefit conferred

by the water-immersion system, and more completely

attained with the homogeneous, it may be specially pointed

out that, as no correction for the thickness of the covering-

glass is here required, the microscopist can feel assured

that he has such a view of his object as only the most per-

fect correction of an air-objective can afford. This is a
matter of no small importance, for while, in looking at a
known object, the practised microscopist can so adjust his

air-objective to the thickness of its covering-glass as to

bring out its best performance, he cannot be sure, in regard

to an unknown object, what appearances it ought to pre-

sent, and may be led by imperfect cover-correction to an
erroneous conception of its structure.

It has been recently argued that, as the slightest variation in the
refractive index of either the immersion fluid or the covering- glass,

a change of eye-pieces, or the least alteration in the length of the
iKxly—in a word, any circumstances differing in the slightest degree
from those under which the objective was corrected—must affect

the performance of homogeneous-immersion objectives of the highest
class, they should still be made adjustable. The truth of this

contention can, no doubt, be proved, not only theoretically, but
practically,—the introduction of the adjustment enabling an experi-

enced manipulator to attain the highest degree of perfection in the
exhibition of many mounted objects, which cannot be so well shown
with objectives in fixed settings. But it may well be questioned
whether it is likely to do the same service in the hands of an ordi-

nary working histologist, and whether the scientific investigator will

not find it preferable, when using these objectives, to acceptwhat their

maker has fixed as their point of best performance. The principal

sonrce of error in his employment of them hes in the thickness of the
optical section of the object; for the rays proceeding from its deeper
plane, having to pass through a medium intervening between that

Slane and the cover-glass, whose refractive and dispersive indices

iffer from those of the glass and immersion-fluid, cannot be
brought to so accurate a focus as those proceeding from the piano
immediately beneath the cover-glass. The remedy for this, how-
ever, seems to lie rather in making the preparation as thin as

possible than in the introduction of what is likely, in any but the

most skilful ajid experienced hands, to prove a new source of error.

Every one who has examined muscular fibre, for example, under a
dry objective of very high power and large aperture, well knows
that so great an alteration is produced in its aspect by the slightest

change in either the focal adjustment or the cover-correction

that it is impossible to say with certainty what arc the appear-
tinpes which give the most correct optical expression of its structure.

This being a matter of judgment on the part of each observer, it

seems obvious that the nearest approach to a correct view will be
probably given by the focal adjustment of the best homogeneous
imiaersion-objectives, in fixed settings, to the plane of the prepara-

tion immediately beneath the cover-glass (see J<iur. Roy. Micros.

Soc., 1882, pp. 407, 854, 906).

In every particular in which the water-immersion
system is superior to the dry, it .is itself surpassed by
the oil or other homogeneous system, the anticipa-
tions of those by whom it was suggested being thus fully

realized. But the advantages already spoken of as deriv-

able from the use of the " immersion system " are altogether
surpassed by that which the theoretical studies of Professor
Abbe have led him to assign to it, and of which he has
practically demonstrated its possession. For he has shown
(as will be explained below) that the interposition of either
water or oil so greatly increases the real " aperture " of
the objective that immersion-objectives may be constructed
having a far greater virtual aperture than even the theo-

retical maximum (180°) of the angular aperture of an
air-objective.

The same eminent physicist, working on the basis

supplied by the mathematical investigations of Professor
Helmholtz and himself on the undulatory theory of light,

has further established an entirely new doctrine in regard
to the production of highly magnified . representations of

closely approximated markiogs. AU that has hitherto
been said of the formation of images by the compound
microscope relates to such as are produced, in accordance
with the laws of refraction, by the alteration in direction

which the light-rays undergo in their passage through the
lenses interposed between the object and the eye. These
dioptric images, when formed by lenses free from spherical

and chromatic aberration, are geometrically correct pictures,

truly representing the appearances which the objects them-
selves would present were they enlarged to the same scale

and viewed Tinder similar illumination. And we seem
justified, therefore, in drawing from such microscopic
images the same conclusions in regard to the objects they
picture as we should draw from the direct vision of actual

objects having the same dimensions. The principal source of

error in such interpretations arises out of the "interference
"

to which the rays of light are subjected along the edges of

the minute objects through which they pass, or along any
such lines or margins in their inner part as ^re sufficiently

opaque to throw a definite shadow. For every su'ch

shadow must be bordered, more or less obviously, by inter-

ference- 6t diffraction-spectra ; and thus the images of

strongly-Hned objects with very transparent intermediate

spaces may be so troubled or confused by these " diSraction-

spectra " as to render it very doubtful what interpretation

is to be put upon their appearances.

A good example of this kind is afforded by the scales of the
gnat or mosquito, which are composed of a very delicate double
membrane, strengthened by longitudinal ribs on both sides, those
of the opposite sides' uniting at the broad end of the scale, where
they generally terminate as bristle-shaped appendages beyond the
intermediate membrane. These are crossed by fine markings, which
are probably ridge-like corrugations of the membrane, common to

both sides of the scale. Between each pair of longitudinal ridges

there may be seen, under certain adjustments of focus and illumi-

nation, three uniform parallel rows, of beads, which have been
supjiosed to represent a true stnicture in the membrane. By Dr
Woodward (colonel in the United States army), however, it has been
shown that this beaded appearance is merely the result of the "inter-

ferences " produced by the longitudinal and transverse lines of the

scale. For the longitudinal diffraction-lines are clearly seen, alike

in the microscopic image and in photographs (fig. 13), to extend into

empty space beyond the contour of the scales, almost as far as the

ends of the bristles in which the parallel ribs terminate; and
they vary in numbor with the varying obliquity of illumination, so

that in the same scale two, three, four, or even five rows of beads

can bo seen, and photogiaphed ac pleasure, in every intercostal

space.'

Every microscopist who has worked much with high

powers is well aware of the difficulty of distinguishing

between real and spectral markings,:—a difficulty which can

only be overcome by training and experience,
.
It seems,

> ilovlhly ilicm. Jour., vol. xv. (18r6), p. 25?.
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however, to liave been now fully ascertained by Pro-

fessor Abbe that it is only through such diffraction-spectra

that the microscope can make us acquainted vdth the

minutest structural features of objects, since, according

to the calculations of Professor Heimholtz and himself

(based on the constants of the unduktory theory), no

amount of magnifying power can separate dioptrically two

lines, apertures, or markings of any kind, not more than

7^ of an inch apart The visual difierentiation or

"resolution" of lines or other jnarkings whose distance lies

Fio. 13.—Scale of Gnat, showing Beaded Markings produced by Diffraction

from a Photograph by Colonel Dr W oodward.

within that limit is entirely the result of " interference,"

—

the objective receiving and transmitting, not only dioptric

rays, but the inflected rays whose course has been altered

in their passage through the object by the peculiar disposi-

tion of its particles, and combining these rays into a series

of diffraction-spectra, the number and relative position of

which bear a relation to the structural arrangement on
which their production depends. If the objective be per-

fectly corrected, and all the diffraction-spectra lie within
its field, these will be recombined by the eye-piece so as to

form a secondary or " diffraction " image, lying in the same
plane with the dioptric image, and coinciding with it, while
tilling up its outlines by supplj-ing intermediate details.

But where the markings (of whatever nature) are so closely

approximated ^ to produce a wide dispersion of the inter-

ference-spectra, only a part of them may fall within the
range of the objective ; and the recombination of these by
the eye-piece may produce a diffraction-image differing

more or less completely (perhaps even totally) from the
real structure; whUe, if they should lie entirely outside
the field of the objective, no secondary or diffraction image
will be produced. And thus, while the general form of
such an object as a diatom-valve may be correctly given in

a dioptric image, its surface may appear quite unmarked
under an objective of small aperture, however great its

magnifying power, though covered with regularly disposed
markings when seen through an objective of wider aperture
with perhaps only half the magnifying power.

It is obvious, however, that, while the dioptric image
represents the actual object, the diffraction-image thus
formed by the reunion of a portion of the interference
pencils is only an optical expression of the result of their

partial recombination, which may represent something
entirely different from the real structure. For it has been
proved experimentally, by placing finely-ruled gratings in

the position of objects, and by limiting the apertures of

objectives by diaphragms with variously disposed perfora-
tions, that the same arrangement of lines shall be presented
to the eye by differently lined surfaces, and different

arrangements by similarly lined surfaces, according to the
numbers and relative positions of the reunited spectra.

Hence it is clear that there must be an essential difference

in character and trustworthiness between the images
dioptrically formed of the general outlines and larger

details of microscopic objects and those representations of

their finer details which are given by the recombination of

their diffraction-spectra,* and that the confidence to be

placed in the latter class of representations will be greater

in proportion to the completeness of the recombination of

the separated interference-spectra, which, again, will be

proportional (accurate correction of the aberrations being

assumed) to the aperture of the objective.^

The combined advance of scientific theory and of

practical skill in the ajjplication of it have now brought

up the compound achromatic microscope to an optical pe^

fection that renders it capable of actually doing almost

everything of which, in the present state of optical

theory, it can be regarded as capable. The resolution

of Nobert's nineteenth band, having 112,595 lines

to an inch, which was long regarded as the crux ol

microscopists, is now found so easy as to leave little

room for doubt that, if a new test were obtainable

having the minimum visibile of 118,000 lines to the

inch, an oil-immersion objective would be found to

resolve it. But the experience of the past makes it

evident that, as no limit can be set to the advance

of optical theory, results yet more remarkable may be
still expected to arise, every such advance being turned

to account by the practical skill which experience has

now enabled the best constructors of achromatic ob-

jectives to attain.^

The progressive improvemeuts thus effected in the construction
of microscopic objectives have been accompanied by other improve-
ments, alike in the optical and in the mechanical arrangements by
which the best performance of these objectives can be secured; and
it mill be desirable now to describe in succession the most approved
forms of the eye-piece, the objective, and the illuminating apparatos
respectively, and then those of the instniment as a whole, point-
ing oiit the special adaptiveness of each to the requirements ot
different classes of scientific investigators.

Eye-Pieces.

It very early became obvious to those who were engaged in

the achromatization of microscopic objectives that their best

performance was obtained when the image given by them waa
further enlarged by the eye-piece known as the Huygenian, aa
having been devised by Huygens for his telescopes. It consists

of two plano-convex lenses (EE and FF, fig. 4), with their plane
sides towards the eye ; these are- placed at a distance equal to half

the sum of their focal lengths, —or, to speak with more precision,

at half the sum of the focal length of the eye-glass, and of the dis-

tance from the field-glass at which an image of the object-glass

would be formed by it. A "stop" or diaphragm BB must b«
placed between the two lenses, in the visual focus of the eye-glass,

which is, of course, tlie position wherein the image of the object
will bo formed bj' the rays brought into convergence by their

passage through the field-glass. Huygens devised this arrange-

ment merely to diminish the spherical aberration ; but it was subse-

quently shown by Boscovich that the chromatic dispersion was also

in great part corrected by it. Since the introduction of acluximatic
object-glasses for compound microscopes, it has been further shown
that nearly all error may be avoided by a slight over-correction of
these, so that the blue and red rays may bo caused to enter the
eye iu a parallel direction (though not actually coincident), and
thus to produce a colourless imago. Thus let N, M, N (fig. 14) repre-

sent the two extreme rays of three pencils, which without the
licld-glass would form a blue image convex to the eye-glass at BB,
and a red one at RR ; then, by the intervention of the field-glass,

a blue image concave to the eye-glass is formed at B'B', and a red

' Thtts it is still a moot point whether the microscopic .ippear-

ances seen in the siliceous valves of diatoms (figs. 8-11) are the
optical representations of elevations, depressions, or perforation.s, or
of internal molecular arrangements not Involving any inequality of
surface,

' This doctrine was fii-st fully developed by Professor Abbe in the
Archiv fir Microsk. Anatomic, vol. ix. (1874), and is more fully ex-
pounded in his subsequent contributions to Jour. Roy. Micros. Soc
See also the papers of Mr Stephenson and Mr Crisp iii that journal,
and in the preceding Monthly Microscopical Journal.

' Any good workman can now make by the dozen such small-angled

J inch objectives a.s Mr A. Koss produced with much pains and labour
fifty years ago. It was not until 1844 that, with the honourable
emulation of surpassing what Professor Amici had then accomplished,
he produced a ^ inch of 135°, which, by taking advantage of soma
very heavy flint-glass he had, he afterwards increased to 170°.
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one at WR'. As the focus of the eye-glass is shorter for blue rays
than for red rays by just the difference in the place of these images
their rays, after refraction by it, enter the eye in a parallel direction,'
and produce a picture free from false colour. If the object-glass
had been rendered perfectly
achromatic, the blue rays,
after passing through the
field-glasg, would have been
brought to a focus at b, and
the red at r ; so that an error
would be produced, which
would have been incre.ised m-
stead of being corrected by the
•ye-glass. Another aurantage
of a well-constructed Huy-
gonian eye-piece is that the
image produced by the meet-
ing of the rays after passing
through the field-glass is by it

rendered concave towards the
«ye-glas3 instead of convex,
80 that every part of it may
be in focus at the same time,
and the field of view thereby
rendered flat' ^^^^«^^^«»a.^
TwoormoreHuygenianeye- ^^^^^^^^

pieces, of different magnify- ^'3\ ''*-—5e<=t'o° of Huygenian Eye-
ing powers, known as A, R C P's<^e, adapted to Over-Corrected

kc, are usuaUy supplied with
M'^oscopic Objectives.

a compound microscope. The utUity of the higher powers wiU
mainly depend upon the exceUence of the objective's ; for, when an
achromatic combination of small aperture which is sufficiently WeU
corrected to perform very tolerably with a "low" or "shallow"
eye-piece is used with an eye-piece of higher magnifying power (com-
monly spoken of as a "deeper" one), the image may lose more in
brightness and m definition than is gained by its amplification, while
the image given by an objective of large angular aperture and very
perfect correction shall sustain so Httle loss of light or of definition
by deep eye-piecing " that the increase of magnifying power shaU
be almost clear gam. Hence the modes in which different objectives
ol the same power, whose performance with shallow eye-pieces is
nearly the same, are respectively affected by deep eye-pieces afford
a good test of their respective merits, since any defect in the correc-
tions IS sure to be brought out by the higher amplification of the
image, while a deficiency of aperture is manifested by the want of
light. The working microscopist will generally find the A eye-
piece most suitable, B being occasionally employed when a oreater
power IS required to separate details, whilst C and others stiU deeper
are useful for the purpose of testing the goodness of objectives or
for special investigations requiring the highest amplification with
objectives of the finest quality. But he can commit no greater
error than habituaUy to use deep eye-pieces for the purposes of
scientific research, especially when (as in the study of living
objects) long-continued and unintermitted observation is necessary
For the visual strain thus occasioned is exactly like that resulting
from the habitual use of magnifying spectacles in reading, requir-
ing the book to be held within 2 or 3 inches of the eye And
all experience shows that this feeling of strain cannot be dis-
re^rdea, without the most injurious consequences to vision
Forjiemng large flat objects, such as transverse sections of wood

OT of Echmiis sT,me3, under low magnifying powers, the eye-piecekuowu as Kellner s may be employed with advantage. In this
construction the field-glass, which is a double-convex lens is
Placed m the focus of the eye-glass, without the interposition of a
fliaphragra

;
and th'; eye-glass is an achromatic combination of a

plano-concave of funt with a double-convex of crown, which is
shghtly under-corrected, so as to neutralize the over-correction
given to the objectives for use with Huygenian eye-pieces. A
flat well-illuminated field of as much as 14 inches in diametermay thus be obtained with very Uttle loss of light: but, on the
other hand, there is a certain impairment of defining power, which
renders the Kellner eye-piece unsuitable for objects presentint-
minute structura details ; and it is an additional objection that
the smaUcst speck or smear upon the surface of the field-glass ismade so unpleasantly obvious that the most careful cleansing of
that surface IS required every time that this eye-piece is used
Hence it is better fitted for tlie occasional display of objecta of the
character already specified than for the ordinary wants of the
working microscopist.

Solid eye-pieces, consistingofcylinders of glass with convex ends
are sometimes used in place of the Huygenian, when high mao-ni-
gTUg power is required for testing the performance of objectives
The lower surface,- which has the lesser convexity, serves as a

267

1 The rearter may lie referred t» JFr Varley's investigation of the properties of
the Huygenian eye-piece in tlic fifty-first volume of the Tranaaclions of the
Society of Arts

; and to the article " .Microscope," by Mr fioss, in the Pemn
*,)/clopxiia, reprmled, Vfith additions, in the inr/tish Cyclopxdia.

field-glass, wnile the image formed by this is magnified by the

.fJlZ ™"r^ T.'^'J
^""''^''^ *" '"^'''^ *•>« «y« i= applied, -theadvantage derivable from this construction lying in the iboUtion oftne plane surfaces of the two lenses of the ordinary eye-piece =

A positive " or Kamsden's eye-piece—in which the field-glass'Whose convex side is turned upwards, is placed so much nearer the
eye-glass that the image formed by the objective lies below instead

Hi J,i r, r"*-'
formerly used for the purpose of micrometry,—

a

d^nded glass being fitted in the exact plane occupied by the imW
wi • ? ''^^''=/?d 'hat image are both magnified together by tiielenses inteiyosed bet^veen them and the eycr The same end, how-

tZt'TI J? ''r^'^^
attained with the Huygenian eye-piecethat no essential advantage is gained by the use of tlat of pimsden.the field of which is distinct only in its centre

Objectives.

,J,' k"-'
^';° ?°'° *^' 0"^ "f t1>e principal points in the con-

striiction of microscopic objectives to which the attention of theirmakers has been constantly directed has been the enlargement
of their aperture, -this term being understood to mean, not
their absolute opening as expressed by linear measure, but their
capacity for receiving and bringing to a remote conjugate focus therays diverging from the several points of a near object. The aper-
ture of an objective has been usually estimated by its "angirof
aperture, -that is, by the degree of divergence of the most extreme
rays proceeding from the axial point of the object to the margin of
the objective (fig. 15) wliich take part in the formation of the
image. It is pointed out, however,
by Professor Abbe that, in the case
of single lenses used as objectives,
their apertures are really propor-
tional, not to their respective angles
of aperture, but to the ratio between
the actual diameter or clear opening
of each to its focal distance, a ratio
which is simply expressed by the
sine of its semiangle. And in the
case of combinations of lenses it can
be demonstrated mathematically that
their respective apertures are de-
terminable—other conditions being
the same—by the ratio of the dia-
meters of their back lenses, so far as Fig. 15.-Section of Achromatic
these are reaUy utilized, to their Object-Glass, composed of
respective focal lengths,—this ratio three pairs of (flint and
being expressed, as before, by the sine crown) lenses, abc is its angle
of the semiangle of aperture (sin i<).

of aperture.

The difference between these two modes of comparison can be
??„o >',°?T'=.°''^i°"« by reference to the theoretical maximum of
180 which IS attained by opening out the boundaries of the angle
abc (fig. 15) until they come into the same straight line, the sine of
the semiangle (90 ) then becoming unity. For, while an objective
having an angle of 60° would count by comparison of angles as
having only one-third of the theoretical maximum, its real aperture
would be half that maximum since the sine of its semiangle
(30 ) = J. And, as the sines of angles beyond 60° increase very
slowly, an objective of 120° angle will have as much as 87 per cent,
of the theoretical maximum of aperture, although its angle is only
two-thirds, or 68-6 per cent, of 180°. It hence becomes obvious
that little IS really gained in real aperture by the opening-out of
the angle of microscopic objectives to its greatest practicable limit
(which may be taken as 170°), while such extension—even if
unattended with any loss either of definition or of colour-correction
—necessarily involves a great reduction alike in the working dis-
tance and in the focal depth or penetratior. of the combination,
as will be presently crplained..

Numerical Aperture.—It has now been demonstrated by Professor
Abbe that independently of the advantages already specified aa
derivable from the application of the immersion system to objectives
of short focus and wide aperture, the real aperture of an immer-
sion objective is considerably greater than that of a dry or air
objective of the same angle,—the comparative apertures of objec-
tives working through different media being in the compound
ratio of t«'o factors, viz., the sines of their respective semiangleg
of aperture and the refractive indices of the " immersion " fluids.
It is the product of these (jtsinK) that gives what is termed by
Professor Abbe the "numerical aperture,"—whicli strves, therefore,
as the only true standard of comparison, not only between dry or
air and water or oil immersion lenses, but also between immersion
lenses adapted to work respectively with water, oil, or any other
interposed fluid. That the angle of aperture expressed by the
same number of degrees must correspond with very diflerent work-
ing apertures in dry, water immersion, and oil or homogeneous
immersion objectives becomes evident when we consider what

2 These eye-pieces are much In vogue In the United States, wh£re they are made
of extremely short foci.—even to ^ Inch.
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happens .when divergent pencils of rays pass from one medium

Into another of higher refractive index. For such divergent

penciU, proceeding from air into water or oil, will be closed

together or compressed ; so that the rays which, when an object

is mounted in air, spread out over the whole hemisphere then

form comparatively narrow pencils, and can thus be utilized

by an immersion objective of smaller aperture than is required in

a dry objective to admit the most diverging rays of air-pencils.

It follows, therefore, that a given angle in a water or oil immersion

objective represents a much larger aperture than does the same

angle in an air-objective ; and thus it comes to pass that by

opening out the angle of immersion objectives they may be made

to receive and utilize rays of much greater divergence than can

possibly enter dry objectives of even maximum aperture.

The following table, abridged from that given by Professor Ahbe

for every 02 of numerical aperture from 50 up to the maximum

of 1 '52, brings this contrast into clear view :—

Numerical Aperture Tabh.

lens having
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(p. 273) could not possibly be formed if our vision were strictly

lunited to the exact plane for which our eyes are focussed.

Hence it is obvious that, in the case of objectives of low and
moderate amplification, focal depth or penetration is a quality

or the want of which no other excellence can compensate,

—

the opening-out of their apertures being only advantageous in

80 far "as it does not seriously interfere with their penetrating

power. It is, no doubt, quite possible to construct a I inch

objective with an aperture so large that, when the requisite awpli-

6cation has been gained by deep eye-piecing, it shall resolve

the lined "tests" ordinarily used for a \, or to construct an
objective of yV incb focus which shall- in like manner do the

ordinary work of a J. But, as such objectives are thereby spoiled

for their own proper work, the loss to the microscopist is but

poorly compensated by his ability to resolve with them, under such
aeen eye-pieces as cannot be habitually used without serious risk to

the"eye-sight, the lined and dotted tests which can be much better

shown under cbjecti ves of shorter focus and wider aperture, with eye-

pieces of low amplification. For, whilst deep eye-pieces cannot be

naiitually employed for continuous observation, without putting

a strain upon the eyes resembling that which results from the

constant use of a magnifying glass, oven the very highest objectives

may be used continuously for long periods in combination with

shallow eye-j)ieces, with scarcely any fatigue, and therefore (it is

probable) without sensible injury.'

In estimating the goodness of a microscopic objective, five

distinct qualities have to be separately considered:—(1) its work-

me distance, or the actual interval between its front lens and the

object on which it is focussed; (2) its penetrating power, or focal

depth; (3) the flataesa of its field; (4) its definition, or power of

giving a distinct image of all well-marked features of an object,

and especially of their boundary lines ; and (5) its resolving power,

by which it separates closely approximated lines, dots, or striee.

1. The " worldng distance " of an objective has no fixed relation

to its focal length,—the latter being estimated by its equality in

power with a single lens of given radius of curvature (such as

1 inch, J inch, iV inch, &c.), whUe the former varies with

the mode in which the combination is constructed and with the

aperture given to it. For low and moderate powers, ranging up to

^ inch focus, good working distance is especially important,-

alike because it is closely related to penetrating power, and also

because it facilitates the use of side-illumination for opaque objects.

And in such objectives of high power as are to be used, not for the

resolution of lined or dotted tests, but for the observation of living

and moving objects of extreme minuteness, good working distance

is no less important, on account of its relation to focal depth. In

the case of those objectives, on the other hand, in which resolving

power is made the first consideration, it is only needful that the

working distance shall be such as to permit the interposition of a

thin glass cover ; and this, although necessarily diminished with

the widening of the aperture, can be always obtained by the adoption

of the immersion system.

2. The " penetrating power" or " focal depth " of an objective

may be defined as consisting in the vertical range through which

the parts of an object not precisely in the focal plane may be seen

with sufficient distinctness to enable their relations with what lies

exactly in that plane to be clearly traced out,—^just as would be done

by ordinary vision if the object were itself enlarged to the dimen-

eiens of its microscopic image. The close relation between this

quality and the preceding becomes obvious when it is considered

that the longer the working distance of an objective the less will

the di.'tinctness of the image it forms be affected by any given

alteration (say the rvim of *° inch) in its focal adjustment. Con-
sequently, of two objectives having the same magnifying power but

different working distances, that one will have the most focal depth

whose working distaflce is the greater. On the other hand, as the

penetrating power of an objective is reduced in direct accordance

with the increase of its numerical aperture, it must be sacrificed

wherever the highest resolving power is to be attained. Hence,

as already remarked, this attribute will be very differently valued

by different observers, according to the work on which they are

respectively engaged. For the general purposes of biological

research, not only with low or moderate (for the reasons already

stated), but also with high powers, a considerable amount of

focal depth is essential. It is impo^ible, for example, to follow

satisfactorily the movements of an Anueha, or to study the

"cyclosis" in the cell of a Vallimcria, or to trace the distribution

of a nerve-thread, with an objective in which focal depth is so

completely sacrificed to aperture that nothing can ''6 discerned

save what is precisely in the focal plane, since, instead of passing

gradationally from one focal plane to another, as the observer can

do with an objective of good penetration, he can only get a succes-

sion of ' dissolving views, " with an interval of "chaos" between

* Hence, for work of this kind, tiie shallower eye-plecen and longer tubes of

English iMlcroacopes are to be preferred to the deeper eye-piecee and shorter tutws

of the ordinai-y Continental model, tbo Bhallowest eye-pieces oi the latter oeing
nsnally equal la power to ttie orcUn&ry B eye-pieces of the foi-mer.

each pair. When, on the other hand, it is desired to scnitinize with
the greatest precision such minute details as are presented in one
and the same focal plane (as, for example, those of the thinnest
possible film of tissue spread out between a glass slide and its cover-

ing glass), the microscopist will prefer an objective in which focal

depth is subordinated to aperture, for the sake of the resolving

power which he can thus command. And it- will often happen in

biological research that it is advantageous thus to bring objectivee

of the latter class to bear upon objects which could not have bee»

detected in the first instance save by objectives of much inferioi

resolving power but greater focal depth.
3. The "flatness of the field" afforded by the objective is a

condition of great importance to the advantageous use of the micro-
scope, since the extent of the area clearly seen at one time practi-

cally depends upon it. Many objectives are so constructed that,

even when the object is perfectly flat, the foci of the central and
peripheral parts of the field are so different that, when the adjust-

ment is made for one, the other is more or less indistinct. Hence,
when the central part of the area is in focus, no more information
is gained respecting tlie peripheral than if the latter had been alto-

gether stopped out. With a really good objective, not only should
the image be distinct over the whole field at once, but the narginal
portion should be as free from colour as the central. As imperfec-

tion in this respect is often masked by the contraction of the
apei'ture of the diaphragm in the eye-piece, the relative merits of

two objectives, as regards flatness of field, should always be tested

under an eye- piece giving a large aperture.

4. The "defining power" of an objective, which depends upon
the completeness of its corrections for spherical and for chromatic
aberration, and upon the accurate centring of its component lenses,

is an attribute essential to its satisfactory performance, whatever may
be its other qualities,—its importance in scieutific research being
such that no superiority in resolving power can compensate for tha
want of it; and, though it is possible to obtain perfect correction for

spherical aberration up to the highest practicable limit of angle, yet
the difliculty of securing it increases rapidly with the augmentation
of aperture, the want of it being made perceptible, especially when
deep eye- pieces are put on, by-jthe blurring of clearly-marked lines

or edges, and by general "fog." Perfect colour-correction, on the

other hand, is not possible for dry lenses of the widest angle, on
account of the irrationality of the secondary spectrum ; but this

may be neutralized by the use of the immersion system. As already

stated, what has to be aimed at in the'^onstruction of microscopic

objectives is not absolute colour-correction, but a slight degree of

over-correction, which, by compensating the chromatic dispersion

of the Huygenian eye-piece, shall produce an image free from false

colour. As this can be secured far more easily in the construction

of objectives of moderate than in those of very wide aperture, the

cost of the former is proportionally small,—an additional reason

for the preference to be given to them on other grounds, in regard

to all save very special kinds of microscopic work.
6. "Kesolving power," being that by which very minute and

closely approximated markings—whethei lines, strise, dots, or

apertures—can be separately discerned, is a function which is only of

primary importance in objectives whose amplifying power specially

tits them for the study of objects of this class. It appears from the

mathematical researches of Professor Abbe that tne maximum
resolving power (with a theoretical angle of 180°) would be capable

of separating 146,528 lines to the inch ; but he considers the limit

of visual resolution depending on the power of the eye to be about

mj
*,,, of an inch ; and this limit seems to have been nearly

reached. To make such a separation distinctly perceptible, an

amplification of at least 3000 linear would be requisite ; and this

can only be obtained either by the use of a'n objective of very high

power (such as ^ inch focus) in combination with a low or medium
eye-piece or by putting a very deep ej-e-piece upon an objective of

lower power (such as a J inch),—the former method, for the reasons

already given, being decidedly preferable. For the resolution of les»

closely approximated markings objectives of ^, tVi Ai *I"^ 5

inch answer very well ; and the resolving power which they

require may be obtained without any excessive widening of the

aperture. For the loss of resolving power consequent upon the

contratjtion of the angle of a water-immersion objective to 128J° is

only one-tenth of the theoretical maximum 128,212 ; while a reduc-

tion to 105J° only lowers the number of separable lines to 102,184

to the inch,—thus diminishing the resolving power by little more

than one-fifth, while the working distance and focal depth of the

combination are greatly increased, and perfect definition is more

certainly attainable. The i
inch is (according to the writer's

experience, which is confirmed by the theoretical deductions of

Professor Abbe) the lowest objective in which resolving power

should he made the primary qualification,—the J, i, J, and iV

inch being specially suited to kinds of biological work in which

this is far less important than focal depth and dioptric precision.

This view is strengthened by the very important consideration that

the resolving power given by wide aperture cannot be utilized,

except by a method of illumination that causes light to pass through
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tte object at an obliquity corresponding to that at whicli tho most
divergent rays cuter tlie objective. Now, aItliouf;h in tlio case of
Objects whose markings are only superlieial such obliquity may not
be productive of false appearances (though oven thU is scarcely con-
ceivable), It must have that cllect when tlie object is thick enough
to have an internal structure ; and tho experience of all biological
observers who have carried out the most delicate and diflfcult
mvestigahons is in accord, not only as to tho advantage of direct
Ulumination, but as to tho deceptiveness of the appearances givenby oblique, and the consequent danger of error in any inferences
drawn Irom the latter. Thus, for example, the admirable researches
ot htrassLurgcr, Fleming, Klein, and others upon the changes which
take i.laeo in cell-nuclei during their subdirision can only befoUowed and veritied (as the writer can personally testify) by
examination of these objects under axial illumination, mth obiec-
tives of an angle so moderate as to possess focal depth enough tofoUow the wonderful diflerentiation of component parts brought out

'li
"'"^ processes through their whole thickness

The most perfect objectiTes for the ordinary purposes of scientiiio
reMarch, therefore, will be obviously those whicfi combine exact
definition and flatness of field mth the widest aj^rture that can bo

L'-'^f^I! T '° inconveniont reduction of working distance and
los» of the degree of focal depth suitable to tho work on which they

ZV/fll^^l^J" "'P'py^''- These last attributes are especially
needed m the study of hrmg and moving objects ; and, in the casior tliese, dry objectives are decidedly preferable to immersion

mon't of'the'Iv
°.° 'Y f^,' ""^^ "" ''^"^''^ *° enableTe mTvelmont of the object to bo foUowed is very apt to produce disarran-e-

the essential oils employed for homogeneous immersion have for^e ordinar)' cements and varnishes, such care is necessary in thense of objechves constructed to work with them as can only begiven when the observer desires to make a verv minute and criticaleiaminationofa securely-mounted object. -

"'" ^""^ """^^l

The following table expresses the magnifring powers of obiectircsconstructed on the Englis'h scale of inchls and parts of an i^ch ^^th

En. i,h™ I*"^^
''?^*'''' ^ ^""^ ^ eye-pieces%s„ally suppl/enyEngbsh makers, and also specifies the angle of aperture which, in thewriter s judgment, is most suitable for each. He has the sitisfactoon of finding that his opinions on this latter point, which arebased on long experience in the microscopic study of a wMeJ rani

oJZT'f'v ''«".'*"' "''•'^'^'^ *'*''° 5^^ f^'"'^'^ within the purriewof most of his contemporaries, are in accordance with thecon"lumons dra^vn by Professor Abbe from his profound investigationsTntothe theory of microscopic vision,' which have been ^rried ntopractical accomplishment in the excellent productions of Mr ZeTss

nmetecnthWd, being affirmed by Mr Sollitt to range from JOQto 130 in tW^ of an inch. But the admirable pho"n<naphs ofthis ralve obtained by Colonel Dr Woodward have'^conhVmed theconclusion long previously expressed by tho writer, that this esti!mate W!«far too high, being based on the "spurious lieation"produced by diffraction, and show that the stria on the ?a "estvalves do not exceed 91, while those on tho smallest are never morenumerous than 100, in ^,^ of an inch. The same admirable

S'iSlftt r f" <"''^'-^"""-t photographs oranothe yeijdifficult test.diatom,,S«n«/to gnima, from which it anneara

tV.VT'^?T.'^C\'°'T\ ^o^SitM^Uy at the rate of?2%0^to the nch. whilst tho beaded appearances into which these mavbo resolved count transversely at tho rate of 84,000 to the i^ch*Thus It appears that the complete resolution of these "vexatiol'diatoms does not require by any means the maximum of aperh^ebut IS probably dependent at least as much on the perfection ofT;corrections and tho effectiveness of the illumination
It must be nndorstood that there is no intention in these remarksto undervalue the efforts which have been porseverintly made bvthe ablest constructors of microscopic objectives in the°Wtion ofenlargement of aperture. For these efforts, besides incSg theresolving power of the instrument, have done the great servfce ofproducing a vast improvement in the quality of thoTe obiectlve^ of

It "^i'/.f
''"•" ''^''^- "\"""^ valuable to the scientific b^Io

fuU^f ' microscop^t who wishes his armamenium to be com-
?i I ^ ^T^'^^ ^l"^'^ ^^^ objectives of those different qualitie^

Jjis^f^^z iKl2r';rii?i!'f5Skdlo^i°^/<=*'^^^- ^'^
..efi if constructed on the water^merioS^ys^em"'^''

'^''''"^'^

Each of these powers should be tested upon objects mo^ »„;f.^
to determine its capacity for the particular kfnd of work?n^KIS to be employed

; and, in such testing, the applicat on of dln^
pieces than can bo habitually emplofed wXXaXetiS „ftetserve to bring out marked differences between two obie°cti^wM^h

dT.f*"^"f -i!""'*
^q^ally weU under those orSuTLed^defects in definition or colour-correction, and wantT^li^LT^Tmight othenvise have escaped notice beinT Hn° ° ^ '' ^^'"^

No single object is of such'^^eneral urility f^ We ™1'^^
large weU-marked/'orf„rascflo; forZeV"4ich ha?KT ^ ^
to the use ofanarticularspecinJen of it w^iS oo„ lea™ to le oTi^^

Korranfit"mt"b: ::r:^^A^tv ?-^? *

bcrtV:i"?['^ 'f s''arp«^!t^sircrrarrist^^^^best for the ordinary work of tho histolo-nst
""""gs 13 tne

For the special attribute of resolving power, on the other hand^sts of an entirely different order are Required
; and these are f^'nished, as already stated, either by the more 'difflp„1t^' ,i .

ltl"l '"^'i"'
°'^'"'" '' Nobertr^led^ttt. late''""'Sdiatom-valve at present most in use as a test for re.ioIvinpower 1, tho Amphiplcurapellucida, the lines on whcli were „"!

supposed to be more closely approximated than those ofToVert'f

jo'JVoi;. Kr5;ri^8t';raX«s.'^"^ ^' ^-" """» Micr„,cope77.

iLLtTMINATINO-ApPARATUS

ach^rSi"K™e^al\?uPed"fi^f°™''°" "' ^""^ '""'P-'^''
^ent in the ninr.^&t:l^^T. ^::T^;1^^^^^^^^

r.lt^ll •

ng 28) Will generally prove sufficient for his needs This

msmm
i inch focus cannot be secured without the ai,) of H, , t 2^

achromatic rnin>,;noH„„ ? J
/^^ condenser should be an

thrgSss sUp on whch'thr:h:'\ " tl^^ordinary thickness of

adjusted as to^oP^in^'^rX';-;,-^ ^0^0"' '"'"^ "

byti:it^si°'i'^:fttrtt'''4'4rthrough it should be r;duce,wL-^"^''''-'y °^ ''SHt transmitted

of structm-o which are nvlihl^ ."^'"5 '"'? "''" <^'"'=^*^ ^'^'^
light), every m croscooe X, m ,

^V^ject is flooded with
cutting off^thT outer rav3ot.^-r°^.''^^'l.

"'i'^ some means of

phra^.plato'^rd narilfused for
;^°""='t'ng cone. The "dia-

inetaT, p/voted to then L s^e n? I"' P"""?"'" i^ » ^'^'^ «f l^'ack

graduated series ofa^es of different
f^''

T*^ P"''"^^'^'' "^'^ ^
can be brought, by the ro?atkn o^ Z^ T'*"^'

f
"? ""' "^ ""'^''^^

axis of the microscope Rnt t^o
the disk, exactly into tho optic

advantageously obtained by the ''l'rrl''^l''
""" ^ '""'='' "'"^^

number of convorgin- plates of m.H '^P'"'?^' '" ""'^"'^ *
each other by the motion of «^ "' "''''' '° *° ''"'" °^=^
ture is either enlarged nr 1 • • i 7", "'' ^""^^ '^at the aper-
tically circul?^^:?, Z ct^^ri -I'ndln' hi^T-^'^

""^"""? P^"*" '-""trai
,
ana in this manner a continuous

that 0, an. Uv,„g o.,ervti:,!li'r;"r;:&!'S''A'er.t'^,

ice In the application of the

Ro«' 'iri^%,""i^i"}^
probubly groalerthaa
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view of the object is obtained, with a graoational modification of the
light. Another method, conunonly adopted in German microscopes,

Is to place a draw-tube in the optic axis between the stage and the

mirror, and to drop into the top of this tube one of a set of " stops
"

perforated with apertures of different sizes ; this allows a gra-

oational effect to be obtained by raising or lowering the tube, so as

to place the stop nearer to or more remote from the object ; but it

is not nearly so convenient as the irisdiaphragin ; and the efiect of

the stop is not nearly so good when it is removed to some dis-

tance beneath tlie object as when it is very near to the undir sur-

face of the glass object-slide. When an achromatic condenser is

ttied, either a diaphragm -plate or an iris-diaphragm should be placed

below- its back lens, so as to cut off any required pronortion of the
outer rays that form its illuminating cone.

Such an arrangement, while suiting all the ordinary requirements

of the niicroseopist who uses the highest powers of his instrument

for the purposes of biological investigation (as, for example, in tho

study of Bacteria or of the reproduction of tlie Monadina), docs not

serve to bring into effective use the special resolving power pos-

sessed by objectives of large aperture. It has long been known
that for the discernment of very closely approximated markings
oblique illumination is advantageous,—an objective which exhibits

such a diatom-valve as Pleurosigma angulalum with a smooth un-

marked surface' when illuminated by the central raj"^ of the achro-

matic condenser making its characteristic markings (figs. 8-11)

distinctly visible when the central rays of the condenser are kept

bock by a stop, and the object is illuminated by its convergent mar-

ginal rays only. And it has also been practically known for some
time that the resolution of lined or dotted tests can be often

effected by mirror illumination alone, if the min'or be so mounted
as to be able to reflect rays through the object at such obliquity to

the optic axis of the microscope as to reach the margin of a wide-

angled objective. But it has only been since Professor Abbe's

researches have given the true theory of "resolution" that the

special advantage of oblique illiunination has been fully compre-
hended, and that the best means have been devised for using it

effectively. Two different systems have now come into use, each

of which has its special advantages.

One consists in the attachment of the illuminating apparatus

(mirror and achromatic condenser) to a " swinging tail-piece " (see

fig. 32), which, moving radially upou a pivot whose axis intersects

the optic axis at right angles in the plane of the object, can trans-

mit the illiuninating pencil through it at any degree of obliquity

that the construction of the stage allows. The direction of this

pencil being of course limited to one azimuth, it is requisite, in order

to bring out its full resolving effect, that the object should be made
to rotate, by making the stage that carries it revolve round the

optic axis, so that the oblique pencil may impinge upon the lines or

other markings of the object in every direction successively. It

will then be found that the appearances presented by the same
object often vary considerably,—one set of lines being shown when
the object lies in one azimuth, and another when its azimuth has

been changed by rotation through 60°, 90°, or some other angle.

Various contrivances have also been devised for throwing very

oblique illuminating pencils on the object by means of prisms

placed beneath the stage.

Illumination of at least equal obliquity to that afforded by the

swinging tail-piece may now, however, be obtained by the use of

condensers specially constructed to give a divergence of 170° to the

rays which they transmit when used immersionally, by bringing

their flat tops into approximation to the under side of the glass

elide on which the object is mounted, with the interposition

of a film of water or (preferably) of glycerin. By using a central

stop, marginal rays alone may be allowed to pass ; and these will

be transmitted through the object in every azimuth at the same
time. But diaphragms with apertures limiting the transmitted rays

to one part of the periphery may be so fixed in a tube beneath

the condenser as to be easily made to rotate, thus sending its

oblique pencils through the object in every azimuth in succession.

And whei-e this rotation of the diaphragm brings out two sets of

lines at a certain ang'ilar interval a diaphragm witli two marginal

openings at a corresponding angular distance will enable both to

be seen at once. Numerous arrangements of this kind have been

deviseJ by those who devote their special attention to the reso-

lution of difficult diatom-tests ; but they are of little or no use to

those who use the microscope for biological research.

For the illumination of the surfaces of opaque objects which must
be seen by reflected light the means employed \vtJ1 vary with the

focal length of the objective employed. For large bright objects

viewed under a low magnif)'iug power good ordinary daylight is

sufficient ; but if the surface of the object is dull, reflecting but

little light, the aid of a bull's-eye or large bi-convex lens must be

employed in order to give it sufficient brilliance. This aid will

always be required by lamplight ; and by a proper adjustment of

the relative distances of the lamp and the object the rays from the

lamp may be made either to spread themselves over a wide area or

to converge upon a small spot. The former is the method suitable

to large objects viewed under a low magnifying power ; the latter
to the illumination of small objects which are to be examined under
objectives of (say) 1 inch or | inch focus. Another method which
may be conveniently had recourse to when the microscope is pro-
vided with a swinging tail-piece is to turn this on its pivot until
the concave minor is brought above the stage, so that raj-s which
it gathers either from natural or artificial sources may be reflected
downwards upon tlie stirfaee of the object.

The illumination of an opaque object to be seen with a higher
power than the § or i inch objectives was formerly providea for
by a concave speculum (termed a Lieberkuhn after its inventor), with
a perforation in the centre for the passage of the rays to the objec-
tive to which it is fitted,—the curvature of the speculum being so
adapted to the focns of the objective which carries it that, when
the latter is duly adjusted, the rays
reflected upwards around the object
from the mirror to the speculum
shall converge strongly on tho ob-
ject. The various disadvantages of
this mode of illuniination, however,
have caused it to bo now generally
superseded by other arrangements.
For powers between IJ inch and
iSs inch, and even for a.\ or \ inch
of small angle and good working
distance, nothing is so convenient
as the parabolic speculum or side-

illuminator (F, fig. 1") invented by
the late Kichard Beck. This is

attached to a spring-clip that slides

on the tubes of low-power objec-

tives, so that its distance from the
object and the direction of its re-

'

fleeted pencil are readily adjusted ;
Fia. 17.—Beck's Parabolic Side-

and for use with higher powers it
Illuminator, with Crouch's

may be either mounted on a separ Adapter,

ate ai-m attached to some part of the stand of the microscope, or

may be hung in the manner shown in fig. 17 from an " adapter
"

A interposed between the objective and the body. By rotating

the collar B and making use of the joints C, C, the lengthening

rod D, and the ball and socket E, any position may be given to tho

speculum F that may best suit the objective with which it is used.

When, however, it is desired to illuminate objects to be seen under
objectives of high power and very short working distance, side

illumination of any kind becomes difficult, though not absolutely

impossible ;
' and various modes have been devised for the illumina-

tion of the object by means of light sent down upon it, through
the objective, from above. This is done in the vertical illuminator

of Jlessrs Beck (fig. 18)—the original idea of which was first

A C

fIG. 18. —Beck's Vertical Illumiaator.

given by the American Professor H. L. Smith—by a disk of

thin glass B, I, attached to a milled head by •."'•ch iU anguUr

position may be adjusted, and introduced by a slot A, e into tlio

interior of an adapter that is interposed between the objective C, d

and the nose c of the body. The light- which enters at the lateral

aperture A, a, falling upon the oblique surface of the disk C, b, is

reflected downwards, and is concent" ted by the lenses of the

objective upon the object beneath. The lateral aperture may be

provided with a diaphragm, with openings of different sizes, for

diminishing the false light to which this method is liable ; or a screen

with a small aperture may be placed between the lamp and tho

1 See a ineth"') devlseJ bj' Yr James Smith, In Jour. Jtoy. Micros. Sot., Yol 111,

N. S., 18S0. p. 338.
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illuminator, at any diiitaiice that 13 found to produce the best eOects.

In using tliis illuminator, the lamp should t>e placed at a distance

of about 8 inches from the aperture; and, when the proper adjust-

ments have been made, the image of the flame should be seen upon
the object. The illumiiiation of the entire field, or the direction of

the light more or less to cither side of it, can easily be managed by
the interposition of a small condensing lens placed at about the dis-

tance of its owu focus from the lamp. The objects viewed by this

mode of illumination with drv-frout objectives are best uncovered,

since, if they are covered with tliin glass, so large a proportion of

the light sent down upon them is reflected from tlie cover (especially

when objectives of largo angle of aperture are employed) that very
little is seen of the objects beneath, unless their reflective power is

very high. With immersion objectives, however, covered objects

may be used. Another method of vertical illumination lon» since

devised by llr ToUes has recently been brought into notice by
Professor W. A. Romrs of Boston (U. S). It consists in the in-

troduction of a small rectangular prism at a sliort distance behind
the front combination of the objective, so that parallel rays enter-

ing its vertical surface pass on between its parallel horizontal sur-

faces until they meet the inclined surface, by which they are

reflected downwards. In passing through the front combination of

the objective, they are deflected towards its axis ; but, as their

angle of convergence is less than the angle of divergence oif the rays

proceeding from the object, the reflected rays «;ll not meet in the

focal point of the lens, but will be so distributed as to illuminate
a suflicient area. By altering the extent to which the prism is

pushed in, or by lifting or depressing its outer end by means of a
milled-head screw, the field of jllumination can be regulated. The
working of this prism with immersion objectives is stated by Mr
Tolles to bo peculiarly satisfactory.

Blade-Ground Illumination,—There are certain classes of objects
which, though sufticiently transparent to be seen with light trans
mittcd through them, are best newed when iliummated by rays of
such obliquity as not to pass directly into the objective,—such a
proportion of these rays being retained by the object as to render it

self-luminous, when, all direct light being cut off, t4ie general field

is perfectly dark. This method is particularly effective m the case

of such delicate mineral structures as the siliceous tests of Poly
eyslina and the "frustules" of Dialomaceee. And it is one ad-
Tantage of this kmd of illumination that it brings out with
considerable effect the solid forms of objects suited to it, even
when they are viewed monocularly. Two modes of providing this

illumination are in use, each of which has its special advantages.
One consists in placing a central stop either upon or immediately
beneath a condenser ot wide aperture, which shall cut ofl' all rays
save those that, after passing through the object (as in fig. 20),

diverge at an angle greater than that of the objective used , so
that, while the ground is darkened, the object is seen brightly
standing out upon it. But if the diveigence of the rays is but
moderate (say 60°), and the angle of the objective is large (saj'

90°), the most divergent rays of the condenser will enter the mar-
ginal portion of the objective, and, the field not being darkened,
the black ground effect \vill not be produced This method
has the great convenience of allowing black ground illumination
to be substituted for the ordinary illumination under difl'crent

powers, without any other change in the apparatus than the turnint;

of a diaphragm-plate fitted with stops of different sizes suitable to
the several apertures of the objectives ; and the modern acliro-

matic condensers of wide aportura can be thus used with objectives
of 120° angle.

An excellent black-ground illumination is also given by the para-
bolic illuminator (fig. 19), originally worked out as a' silvered

epeculum by llr Wenham, but now made as a paraboloid of glass
that reflects to its focus the rays which fall upon its internal surface
A diagrammatic section of this instrument, showing thi- course of
the rays through it, is given in fig 20, the shaded portion repre.

senting the paraboloid. The parallel rays r, r', /, entering itsjowei
surface perpendicularly, pass on imtil they meet its parabolic
surface, on which they fall at such an angle as to be totally reflected

by it, and are all directed towards its focus F Tie top of the
paraboloii! being ground out into a spherical curve of whicl F is

the centie, the rays in emerging from it undergo no refraction, since
each falls perpendicularly upon the part of the surface through
which it passes. A stop placed at S preventSL any of the rays
reflected upwa.os by the mirror from passing to the object, which,
being placed at F, is illuminated by the rays reflected into it from
all sides of the paraboloid. Those rays which pass through it

diveige again at various angles ; and if the least of tlicse, GFH, be
greater than the angle of ayarture of the object-glass, none of them
can enter it. The stop is attached to a stem of wire, which passes
vertically through the paraboloid and terminates in a knob beneath,
as shown in fig. 19 ; and by means of this it may bo pushed
upwards, so as to cut off the less divergent rays in their passage
towards the object, thus giving a black-ground illumination with
objectives of an angle'of aperture much wider than GFH. lu'using
io paraboloid for delicate objects, the rays which are made to enter

it should be parallel ; consequently the plane mirror shonid iva^fi

be employed ; and when, instead of the parallel rays of daylight, we

are obliged to use the diverging rays of a lamp, these should be

rendered as parallel as possible, previously to their reflexion from

the mirror, by the

interposition of the

"bull'seyo" so ad-

justed as to produce

this effect There are

manv cases, however.

KliiS. 19, 20.—Wenhain's Parabolic llluuimator,

in which the stronger light of the concave mirror is preferable.

When it is desired that the light should fall on the object from one
side only, the circular opening at the bottom of the wide tube that

carries the paraboloid may be fitted with a diapliiagm adapted to

cover all but a certain portion of it ; and, by giving rotation to

this diaphragm, rays of great obliquity may be taade to fall \^n
the object from every azimuth in succession.

In order to adapt this paraboloid to objectives of very wide angle

ot aperture, a special modification of it, originally devised by Sir

Wenham, has been latterly reintroduced under the designation ol

"immersion paraboloid," with most excellent effect. This consists

in making the top of the paraboloid flat instead of concave, and in

interposing a film of glycerin between its surface and the under

surface of the glass slide carrviiig the object. Only rays of such

extreme obliquity are allowed to pass into the slide as would be

totally reflected from its under surface if they fell upon it through

air ; and, as these illuminate the object without passing into the

objective, it can be thus examined under even the highest powers.

Binocular Microscopes.

Stereoscopic Binoculars —The admirable invention of the stereo-

scope by Professor Wheatstone has led to a general apprecia-

tion of the vain? of the conjoint use of both eyes, in conveying to

the mind a conception of the solid forms of objects such as the

use of either eye singly does not generate with the like certainty or

effectiveness (see Stereoscope). This conception is the product
of the mental combination of the dissimilar peisjiective projections

which our right and left retinae receive of any object that is suffi-

ciently near the eyes for the formation of two images that are sen-

sibly dissimilar. Now it is obvious that a similar difference must
exist between the two perspective projections of any object in relief

that are formed by tl e right and left halves of a microscopic ob-

jective and that this ditiereiice must increase with the angular
aperture of the objccti>e And the fact of this difference may be

easily made aipaient experimentally, by adapting a semicircular
' stop" to any objective of from 20° to 30" angle in such a inannei

tl at it can be turned so as to cover either its right or its left half
j

for not only will the two images of any projecting object formed by
the rays transmitted through the t«'0 uncovered halves be found
sensibly difl'eient, but if they be photographed or accurately drawn,
tie 'pairing" of their pictures in the stereoscope will bring out
the form of the object in vivid relief Wl at is needed, therefore, to

give the true stereoscopic effect to a bincci lar microscope is a means
of so bisect ng the cone of rays transmitted by the objective that

its t«o lateral halves shall be transmitted the one to the right and
the other to tlio left e)e, and that the t«o images shall be crossed

(the imago formed by the right half of the objective being sent to the

left eye, and that formed by the left half of the ob|e,tive being sent

to the right eye) in older to neutralize tlie reveisin^ effect of the

microscope itself. If this crossing does not take place, tlie effect

\vill be rcnd'Tod ' pseudoscopic," not "ortliostopic,"— its projec-

tions becoming depressions, and itsdeprcssioiis being bioiight out as

prominences It was from a want of due appreciation of this fact

that the earlier attempts at constructing a otereoscn|iic binooulai

gave representations of objects placed under it, not in their true

orthoscopic, but in their pseudoscopic aspect. This was the

case, for example, with the binocular microscope fii'st devised by
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Professor Riddell of New Orleans in 1851, which separated the cons
c/ lays by a pair of rectangular prisms so placed edge to edge above
the objective that the rays passing through its right half were
reflected horizontally to the right side, to be changed to the vertical

direction and sent to the right eye by a lateral rectangular pi-ism,

while the rays from -the left half of the objective were sent to the
left eye in a similar manner. Professor Riddell describes the
"conversion of relief" produced by this arrangement with the
ordinary eye-piece as making a metal spherule appear "as a glass

ball silvered on the under side, and
a crystal of galena like an empty
box. ' And to render the images
"normal and natural" he found
himself obliged to use erecting eye-

pieces, which should produce a second

reversal of the images that had been
reversed in their first formation.'

Subsequently, however. Professor

Riddell devised and perfected another
arrangement giving a time orthoscopio

effect, which, after being long disre-

garded, has been latterly taken up
and brought into use by Mr Stephen-
son. The cone of rays passing up-

wards from the objective meets a

pair of prisma (A, A fig. 21) fixed

immediately above its back lens,

which divides it into two halves

;

eaeh of these is subjected to internal

reflexion from the inner side of the

prism through which it passes
; and

gl.-KiadeUa Binocular
the sbght separation of the two prisms •

''•
p' jg^g

"""^

at their upper end gives to the two
pencils B, B, on their emergence from the upper surfaces of the
prisms, a divergence which directs them through two obliquely-

placed bodies to their respective eye-pieces. By tbis internal

reflexion a lateral reversal is produced, which neutralizes that of

the ordinary microscopic image, so that, while each eye receives

the image formed by its own half of the objective, the pairing
of the two pictures produces a true orthoscopic effect.

'

About the same date MM. Nachet of Paris succeeded in devising a
binocular that should give a true orthoscopic image, by placing above
the object-glass an equiangular prism (P. fig. 22) with one of its sur-

faces parallel to its back lens,

which, receiving the pencils ab
forming the right half of the
cone, internally reflects them
ebliquely upwards to the left,

and in like manner reflects the

pencils a'b' from the left half of

the cone obliquely upwards to

the right. These pencils, pass-

ing out of the left and right

oblique faces of the prism at

right angles (so as not to undergo
either refraction or dispersion),

enter right and left lateral

prisms, also at right angles, and,

after being internally reflected

by these, pass out vertically, at

right angles to their upper sur-

faces, through two parallel bodies

(fig. 23), whose eye-pieces bring
thegi to a focus in the right

and left eyes respectively. The
distance between these bodies may be adjusted to the varying
distances between the axes of individual pairs of eyes, by adjust-

ing screws at their base, which vary the distance of the lateral

pnsms from the central. This instrument gives a theoretically

perfect representation of a microscopic object in relief, as it would
appear if enlarged to the size of its image, aud brought to within

about 10 inches of the eye ; and its chief practical defect is that,

as the two bodies are parallel, instead of being slightly converg-

ent, it cannot be continuously, used without an uncomfortable
strain. But, as its performance depends upon the accuracy of the

seven plane surfaces of the three prisms, and on the correctness of

their relations to each other, it is liable to considerable error from
imperfections in its construction ; and, as the instrument can only

be used for its own special purpose, the observer must be provided

with an ordinary single-bodied microscope for the examination of<

objects unsuited to the powers of the binocular. This last objection

applies also to Professor Riddell's model.

It was for these reasons that Mr Wenham, fully impressed with

the advantages of stereoscopic vision to the microscopist, set himself

1 See Snllman's Journat, vol. xv., 1863, p. 68 ; and Quart, Jour, cf Microt.
&i.,^o\. 1., 1853, p. 236.

' ttuarl Jour. 0/ Microt. :ici., voL It, 1854. p. 18.

Fio. 22.- -Nachet's Binocular
Prisms.

to devise* constrnctiori by which it might ho obtained withont th«
drawbacks inevitable in the workingof Kiddell's and Nachet's instru-
ments; and he soon succeeded in accomplishing this on a plan which
has proved not only convenient but practically satisfactory, notwith-
standing its theoretical im-
perfection. Only the right
half of the cone of rays pro-
ceeding upwards from the
right half of the objective
(a, fig. 24) is intercepted by
a pnsm placed immediately
over that half of its back lens,
which, by two internal re-

flexions (as shown in fig. 26),
sends its pencils obliquely
upwards into the left-hand or
secondary body L, whilst the
pencils of the left half-cone
pass uninterruptedly into the
right-hand body R, and form
an image that suffers no other
deterioration than that which
results from the halving of the
angular aperture and the con-
sequent loss of light. The
moderate convergence of the
two bodies (which, by varying
the angles of the prism, may
be made gi-eater or less, so as

to accord with the ordinary
convergence of the optic axes
in the individual observer) is

much more generally suitable

than the parallelism of MM.
Nachet's earlier instrument;

Fio. 23.— Nachet's Binocular
Microscope.

and the adjustment requisite for variation of distance between the
eyes can be made by simply lengthening or shortening the bodies
by drawing out or "ushing in the diverging L
eye-pieces.

It may be fairly objected to Mr Wenham's
method (1) that, as tlie rays which pass

through the prism and are obliquely reflected

into the secondary body triverse a longer .

distance than those which pass on uninter-

ruptedly into the principal body, the image
formed by them will be somewhat larger than
that which is formed by the other set, and (2)

that the image formed by the rays which have
been subjected to the action of the prism must
be inferior in distinctness to that formed by
the uninterrupted half of the cone of rays.

But these objections are found to have no
practical weight. For it is well known to

those who have experimented upon the phe-

nomena of stereoscopic vision (1) that a slight

difference in the size of the two pictures is no
bar to their perfect combination, and (2) that,

if one of the pictures be good, the full efl'ect

of relief is given to the image, even though
the other picfure be faint and imperfect, pro-

vided that the outlines of the latter are suffi-

ciently distinct to represent its perspective

projection. Hence if, instead of the two
equaDy half-good pictures which are obtain-

able by M>I. Nachet's original construction,

we had in Mr Wenham's one good and one Fio. 24.—'Wenham's

indifl'erent picture, the latter would be de- Stereoscopic Bin-

cidedly preferable. But, in point of fact, the °<:'^" Microscope,

deterioration of the se.-ond picture in Mr Wenham's arrangement

is less considerable than that of both pictures in the original

arrangement of MM. Nachet ; so that the optical performance of

the Wenham binocular is in every way superior. It has, in addi-

tion, these further advantages over the preceding :— first, Ujo

greater comfort in using it (especially for sOme length of time

together) which results from the convergence of the axes of tlie

eyes at their usual angle for moderately near objects ; second, that

this binocular arrangement does not necessitate a special instrument

but may be applied to any microscope which is capable of carry-

ing the weight of the secondary body,—the prism being so fixed

in a movable frame that it may in a moment be taken out of

the tube or replaced therein, so that when it has been removed the

principal body acts in every respect as an ordinary microscope,

the entire cone of rays passing uninterruptedly into it ; and, third,

that the simplicity of^ its construction renders its derangement

almost impossible. Hence it is the one most generally preferred

by microscopists who use the long-bodied English model.

For short-bodied Continental microscopes, however, MiL Nachet

16—12
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25.—Wenliam's Binocular

Prism.

li*TC devised an arrangement of two prisms, taspJ on Mr Wenliam'B

fundamental idea of deflecting one half of the cone of rays into a

secondary bo<ly, whilst the other half procecde onwards without

change of direction into the principal body. And it is an interest-

ing feature in this construction that, by a simple cliange in the

position of tlie dividing prism, the true " orthoscopio " image may bo

made, by a "convcrsioa of relief," to become " psoudoscopic. "
'

The effect of stereoscopic projection may be attained, however,

without a double body, by the insertion of a suitably constructed

binocular eye-piece into tlie body

of any oidinary monocular micro-

scope. A plan of this kind was

first successfully worked out by
Mr Tollcs (the very able optician

•f Boston, United States), who
intei posed a system of prisms

similai to that devised by JIM.

Nachet (fig. 22), but on a much
larger scale, between an "erector"

(reseii.bling that used in the eye-

piece of a day telescope) and a pair

of ordinary Huygcnian eyepieces,

the central or dividing prism

being placed at or near the plane

of the secondary imago formed by
the erector, while the two eye-

pieces are placed immediately

above the lateral prisms,—the

combination thus making that division in the pencils forming the

secondary (erected) image which it makes in the Nachet binocular

in the pencils emerging from the objective.

A stereoscopic eye-piece of a very different construction has been
recently devised oy Professor Abbe, who, making use, for the

division between the two eye-pieces of the rays going to form the

first image, of an arrangement of prisms essentially similar to that

devised by Mr Wcnham for his non-stereoscopic binocular (figi 27),

obtains either an orthoscopio or a pseudoscopic effect by placing

on each eye-piece a cap with a semicircular diaphragm, so as to

€.Ttinguish half of each of the cones of rays that form the two
retinal images. While in one position of the diaphragms true

•tcreoscopio or orthoscopio relief is given, it i.s sufficient to turn

the diaphragms into the opposite position to obtain a pseudo-
scopic conversion.' It appears, however, that this arrangement,
though possessing points of gi'eat interest in relation to the theory

ef binocular vision, is not likely to supersede the ordinary Wenham
prism.

It must be obvious to every one who studies with sufficient

attention the conditions under which true stereoscopic relief can be
given that no combination of two dissimilar retinal perspectives

can be satisfactory unless the visual pictures represent with tolerable

distinctness the features of the object that lie in different focal pianos.

This is provided for, in ordinary vision, by the power of accommo-
dation possessed by the eye, which, while focussed exactly to any
one plane, can also include in its visual pictxire (witliin dei-tain

limits) what is either nearer or more remote. Now it seems prob-
able that, as Professor Abbe has urged, this power of accommoda-
tion comes into play in microscopic stereoscopy, but there can be
no question that the visual distinctness of the parts of an object
lying within and beyond the focal plane, and therefore the com-
Sleteness of the stereoscopic image, mainly depends upon the " focal

epth " of the objective employed,—which, as already explained, is

a function of its angular aperture. \Vlien, however, objebtivesof lon'r

focus and small aperture are employed in binocular microscopy,
although each of the two perspective projections may be fairly

distinct throughout, the effect of solid relief will be very incon-
siderable, because the pictures are not sufficiently dissimilar to one
another,—the case being exactly analogous to that of the stereo-

scopic combination of two photographic portraits taken at an angle
of no more than a few degrees from each other. Still, with an
objective of IJ inches focus and an angular aperture of from 15° to

20^ a very distinct separation is made of the focal planes of trans-
parent sections of structures having no great minuteness of detail,

—such, especially, as injected preparations,—the solid forms of
thoK capillai-y netwoiks being presented to the mind's eye with a
vividness that no monocular representation of them can afl'ord.

When a 1 ?nch objective of 20° or 25° is used, the stereoscopic effect

becomes mv.ch more satisfactory ; so that objects of moderate pro-
jection (such as maiiy of the siliceous Pobjcystina, Diatomaccm,
to. ) can be seen in nearly their natural projection, and, if the focal

adjustment is made for a medium plane, with tolerable distinctness
both of their nearer and remoter parts. With a § inch of 80° or
35°, the stereoscopic relief becomes more pronounced ; but the
diminution of the foaal depth prevents the several planes of objects
in strong relief from being as distinctly seen at the -same time. A

> See Tram, of ttdy. Htcrot. 8oe,, N. S., TOl. IV., 18G7, p. 105; and Monthly
Mtrrci. Jour., vol. /, 1869, p. 31.

* Set Jnr. <if Roi. ''ficroi. Sx., Sd ser., vol. I ,, 1881, p. S98.

i inch objective of about 40° of aperture, however, affords the most
satisfactory results with suitable objects, —full stereoscopic relief

being gained without exaggeration, so as to present, e.g., the

discoidal diatoms and the smaller !'o!yci/stina in their true forms,

whilst their nearer and more remote parts are seen with sufficient

distinctness to require only a very slight adjustment of the focus

for their perfect definition. Still more minute objects may be well

shown by ^ths and Jth objectives whose angular aperture does

not exceed 50° ; but it can be sliown both theoretically and
practically ' that the dissimilarity of the two perspective projection;

of objects in relief formed by objectives of any angle much exceed-

ing 40° is such as to exaggerate the stereoscopic effect ; besides

which, every enlargement of angular aperture so greatly diminishes
the focal depth of the objectives that only those parts of the objects
which lie very near the focal plane can bo seen with distinct ess

sufficient for the formation of a good stereoscopic image. Heiiec
for the purposes of minute histological research, the stereoscopic

binocular is (in the present writer's opinion) almost valueless

;

since, if any distinct pei'spective differentiation can be gained with
objectives of the short focus and enlarged angle that are most
suitable to such investigations, that differentiation will be so great
Bs to produce a highly exaggerated stereoscopic effect If such
objectives be used binocularly at all, they must be so mounted that
their back lenses are in very close proximity to tlie prism ; and the
(transparent) object must be illuminated by an achromatic condenser
of sufficient aperture to send through it pencils of sufficient diver-

gence to produce the secondary image.

In regard to the advantage derived from the use of the stereo-

scopic binocular, rnih. the powers, and upon the objects, suitable to

produce the true effect of solid form, the writer can unhesitat-

ingly assert, as the result of a long and varied experience, that

in no other way could he as certainly or as vividly image those

forms to himself, and that in prolonged work upon such subjects

he is conscious of a great saving of fatigue, which seems attributable

not merely (perhaps not so much) to the conjoint use of both eyes

as to the absence of the mental effort required for the interpretation

of the microscopic picture, when the solid form of the object has to

be ideally constructed from it (chiefly by means of the information

obtainable through the focal adjustment), instead of being directly

presented to the mind's eye.*

Kon-Slereoscojnc Binoculars.—The great comfort which is experi-

enced by the microscopist in the conjoint use of both eyes has led

to the invention of more than one arrangement by which this can
be secured when those high powers are required which cannot be
employed with the ordinary stereoscopic binocular.

This is accomplished by Messrs Powell and Lea-

land by taking advantage of the fact that^ when a

pencil of rays falls obliquely upon the surface of

a refracting medium, a part of it is reflected with-

out entering that medium at all. In the place I

usually occupied by the Wenham prism tliej

interpose an inclined plate of glass with parallel

sides, through which one portion of the rays pro-

ceeding upwards from the whole aperture of the I

objective passes into the principal body with verj

little ^han^o in its course, whilst another portion 1

is reflected from its surface into a rectangular

prism so placed as to direct it obliquely upwards
into the secondary, body (fig. 26). Although
there is a decided difference in brightness between
tjie two images, that formed by the reflected rays

being the fainter, yet there is marvellously little

loss of definition in either, even when the -^ inch
objective is used. The disk and prism are fixed

in a short tube, which can be readily substituted in any ordinary

binocular microscope for the one containing the Wenham prism.

Other arrangements were devised long ago by Mr Wenham,' with

a view to obtain a greater equality in the amount of ligl.t-rays forn>-

ing the two pictures ; and he has latterly

carried one of these into practical eficct,

with the advantage that the compound
prism of which it consists has so nearly
the same shape and size as liis ordinary
stereoscopic prism as to bo capable of I

being mounted in precisely the same
manner, so that the one may bo readily
exchanged for the other. The axial ray a,

proceeding upwards from the objective,

enters the prism ABDEF (fig. 27) at j,.^ o/
right angles to its lower face, and passes

'°'

on to c, where it meets the inclined face AB, at which this prism
is nearly in contact with the obliquo face of the right-angled

* Sec Tha Microscope anJ its Revelations, 6th ed., pp. 42-44.
4 A very cUbornta Investigation, by Professor Abbe, " On the Conditions of

Orthoscopic and Pseudoscopic Effects in the Binocular Mlci-oacope," will be foVad
In the Jour, of the Itoy, Micros, Soc., 2d aor., vol. 1., 1881, p. 2n;j

» Transactions cf the Micros. Soc, N. S , vol. ».lv., 1866. p 105.
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prism ABC. By iiitornal reflexion from the lormer and external

reflexion from the latter about half the beam b is reflected witliin

tiie first prism in the direction cb, while the other half proceeds

straight onwards through the second prism, in the direction ca',

so as to pass into the principal body. The reflected half, meeting

at d the oblique (silvered) surface DE of the first prism, is again

reflected in the direction db', and, passing out of that prism per-

pendicularly to its surface AF, proceeds towards the secondary

body. The two prisms must not be in absolute contact along the

plane AB, since, if they were, Newton's rings would be formed
;

and much nicety is required in their adjustment, so that the two
reflexions may be combined without any bltirring of the image in

the secondary body?

For the prolonged observation, under high powers, of objects not

requiring the extreme of perfection in definition,—such, for example,

as the study of the cyclosis in plants,—great advantage is gained

from the conjoint use of both eyes by one of the above arrangements.

ilECHANICAL CoNSTKtJCTION OF THE MlCEOSCOrE.

The optical arrangements on which the working of the compound
achromatic microscope depends having now been explained, we have

aext to consider the mechanical provisions whereby they are brought

to bear upon the different purposes which the instrument is destined

to serve. Every complete microscope must possess, in addition to the

lens or combination of lenses which afi'ords its magnifying power, a

stage whereon the object may securely rest, a concave mirror for the

illumination of transparent objects from beneath, and a coudensing-

lens for the illumination of opaque objects from above.

1. Now, in whatever mode these may be connected with eacli

other, it is essential that the optical part and the stage should be

so disposed as either to be altogether free from tendency to vibra-

tion or to vibrate together ; since it is obvious that any movement
of one, in which the other does not partake, will be augmented to

the eye of the observer in proportion to the magnifying power
employed. In a badly-constructed instrument, even though placed

upon a steady table resting upon the firm floor of a well-built house,

when high powers are used, the object is seen to oscillate so rapidly

at the slightest tremor—such as that caused by a person walking

across the room, or by a carriage rolling by iu the street—as to be

frequently almost indistinguishable ; whereas in a well-constructed

instrument scarcely any perceptible effect will be produced by even

greater disturbances. Hence^ in the choice of a microscope, it

should always be subjected to this test, and should be unhesitatingly

rejected if the result be unfavourable. If the instrument should be ,

found free from fault when thus tested with high powers, its

steadiness \vith low powers may be assumed ; but, on the other

hand, though a microscope may give an ima»e free from perceptible

tremor when the lower powers only are employed, it may be quite

unfit for use with the higher. The method still adopted by some

makers, of supporting the body by its base alone, is the worst

possible, especially for the long body of the large English model,

since any vibration of its lower part is exaggerated at its ocular end.

The firmer the support of the body along its length the less tremor

will be seen in the microscopic image.

2. The next requisite is a capability or accurate adjustment to

every variety of focal distance, -without movement of the object. It

is a principle universally recognized in the construction of good

microscopes that the stage whereon the object is placed should be

a fixture, the movement by which the focus is ta be adjusted being

given to the optical portion. This movement should be such as to

allow free range from a minute fraction of an inch to three or four

inches, with equal power of obtaining a delicate adjustment at any

part. It should also be so accurate that the optic axis of the in-

strument should not be in the least altered by any movement in a

vertical direction, so that, if an object be brought into the centre of

the field with a low power, and a higher power be then substituted,

the object should be found in the centre of its field, notwithstand-

ing the great alteration in the focus. In this way much time may
often be saved by employing a low power as a " finder

'

' for an object to

be examined by a higher one ; and when an object is being viewed

by a succession of powers little or no readjustment of its place on

the stage should be required. A rack-and-pinion adjustment, if it

be made to work both tightly and smoothly, answers sufficiently

well for the focal adjustment, when objectives of low power only are

employed. But for any lenses whoso focus is less than half an inch

a " fine adjustment," or " slow motion," by means of a screw-move-

inent operating either on the object-glass alone or on the entire body

(preferably on the latter), is of great value ; and for the highest

powers it is quite indispensable. It is essential that in this motion

there should be no "lost time," and that its working should not

produce any '
' twist " or displacement of the image. In some micro-

scopes which are provided with a fine adjustment the rack-and-

pinion movement is dispensed with, the " coarse adjustment " being

given by merely sliding the body up and do\vn in the socket which

grasps it ; but this plan is only admissible where, for the sake of

extreme cheapness or portability, the instrument has to be reduced

to the form of utmost simplicity, as in figs. 28. 29.

3. Scarcely less important than the preceding requisite, in the
case of the compound microscope, especially with the long body of
the ordinary English model, is the capability of being placed in either
a vertical or a horizontal position, or at any angle with the horizon,
without deranging the adjustment of its paits to each other, and
without placing the eye-piete in such a position as to be incon-
venient to the observer. It is certainly a matter of surprise that
some microscopists, especially on the Continent, should still forego
the advantages of the inclined posirion, these being attainable by a
very small addition to the cost of the instrument ; but the incon-
venience of the vertical arrangement is much less when the body
of the microscope is short, as in the ordinary Continental model

;

and there are many.cssas in which it is absolutely necessary that
the stage should be horizontal. This position, however, can at any
time be given to the stage of the inclining microscope, by bringing
the optic axis of the instrument into the vertical direction. In
ordinary cases, an inclination of the body at an angle of about 65*

to the horizon will usually be found most convenient for uncon-
strained observation ; and the instrument should be so constructed
as, when thus inclined, to give to the stage such an elevation above
the table that, when the hands are employed at it, the arms may
rest conveniently upon the table. In this manner a degree of

support is attained which gives such free play to the muscles of th»
hands that movements of the greatest nicety may be executed by
them, and the fatigue of long-continued observation is greatly

diminished. When the ordinary camera lucida' is used for dLrawing

or measuring, it is requisite that the microscope should be placed

horizontally. It ought, therefore, to be made capable of every such
variety of position ; and the stage must of course be provided with
some means of holding the object, whenever it is itself placed in

such aposition that the object would slip down unless sustaii/ed.

4. The last principle on which we shall here dwell, as essential

to the value of a microscope designed for ordinary work, is simpli-

city in the construction and adjustment of every part. Many in-

genious mechanical devices have been invented and executed for

the purpose of overcoming difficulties which are iu themselves really

trivial. A moderate amount of dexterity in the use of the hands is

sufficient to render most of these superfluous ; and without such

dexterity no one, even with the most coinplete mechanical facilities^

will ever become a good microscopist. There is, of course, a limit

to this simplification ; and no arrangement can be objected to on
this score which gives advantages in the examination of difficult

objects, or in the determination of doubtful questions, such as no
simpler means can aff'ord. The meaning of this distinction will

become apparent if it be applied to the cases of the mechanical

stage and the achromatic condenser. For, although the mechanical

stage may be considered a valuable aid in observation, as facilitating

the finding of a minute object, or the examination of the entire

surface of a large one, yet it ajds nothing to the clearness of our

view of either ; and its place may- in great degree be supplied by the

fingers of a good manipulator. On the other hand, the use of the

achromatic condenser not only contributes very materially, but is

absolutely indispensable, to the formation of a perfect image, in the

case of many objects of a difficult class ; the want of it cannot bo

compensated by the most dexterous use of the ordinary appliances

;

and consequently, although it may fairly be considered superfluons

as regards a large proportion of the purposes to which the micro-

scope is directed, whether for investigation or for display, yet as

regards the particular objects just alluded to it is a no less necessary

part of the instrument than the achromatic objective itself.

As a typical example of the simplest form of compound micro-

scope that is suitable for scientific research,—which, --ith vanons

modifications of detail, is the one generally employed on the Con-

tinent —the Microscope de dissection et d'observation (ng. 28) ot M.

Nachet, especially as consb^cted fo" portability (figs. 29-31), seems

particularly worthy of description. In its vertical form (fig. 2S) the

soUd foot to which the mirror is pivoted gives s .pport to the

pillar F, to the top of which the stage P, having a l,aphr^-plate

beneath it, is firmly attached. On the top of this pillar the tubu-

lar stem A is fitted in such a manner that it may be removed by

unscrewing the large miUed head L,-though, when this is weU

screwed down, the Item stands quite firmly. This stem bears at

its summit a short horizontal arm, which carries a sti-ong vertical

tiibe that firmly grasps the "body" of the """"^'"P^-
'^'i'J^

Pf!
mitting this to be easily sUd upwards »' downwards, so as to make

a "coarse adjustinent " of the focus. The "fine adjustment is

made by turning the milled head V, ^M<=K "*^^ P^^'l^i.Xr^!
outer tibe of th°e stem, or aUows it to be raised by

^^^^^^^^fl^^
sure of a strong spiral spring in its intenor. By

""?"'=!""f
»^«

Ued head L,!hrstem \ with its ^™ ,^°^,^^Prh„S d?hcr
detached from the pUlar ; and, a small bght arm H holding either

single lenses or dou&ets being slid into this,
'^'^^T^^'^^^^^'^l

microscope is thus provided. The ou y drawback "-.the constiuc

tion of tL simple model is its not be.ng provided with a joint for

. A camera ladda adapted for u« wltH the rertlcl mlcrMCOpe hu been d»

vised by M. Nachet.
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the inclinatinn of the ooay ; but this is Introduced into the port-

•ble form- of the instnimeut bIiowu in fig. 29, the basal portion of

which (fig. 30) can be used, like that of the preceding model, as a

simple microscope, and, by a most ingenious construction, can be

BO folded as to lie flat in a shallow case (fig. 31) that holds also the

upper part with the objectives of both the simple arm and the com-

Tio. 28.—Nachet's Combined Simple and Compound Microscope.

found body. IL Nachet now connects his objectives with the

ody of his microscopes, not by a screw, but by a cylindrical fitting

held in place by the pressure of a spring-clip against a projecting

shoulder. This method not only allows one objective to be re-

moved and replaced by another much more readily than does the

ecrew-fitting, but also renders the centring of different objectives

more exactly con-

formable. It may
be safely affirmed

that a very large

proportion of the
niicroscopio work
of the last half-

century, which has
given an entirely

new aspect to bio-

Ic^cal science, has
been done by in-

struments of this

simpleContinental
type.

A larger model,
howcver,.wa3 fronj

the first adopted
by English opti-

cians; and, as a

typical example of

the general plan
of construction

now most followed

both in England
and in the United
States, the im-
proved Jackson-

SMDe of Messrs
^'°' 29.—Nachf t's Portable Compound Microscope.

Ross (fig. 82) may be appropriately selected. The tripod base of

thb instrument carries two pillars, betiveen which is swung upon a

horizontal axis (capable of being fixed in any position by a tighten-

ihg screw) a solid " limb," with which all the other parts of the

instrument are connected,—a plan of construction originally devised

by Mr George Jackson. The binocular body, having at its lower end

(as in fig. 24) an opening into which either of the Wenham prisms

can be inserted, auaat its toDarackmovement for a^justin^ the eye-

pieces to the distance between the eyes of the observer, ie attache^

to a racked slide, which is so acted on by the large double miUea

51^ '=ii-.c.-.-.-.-.-.-.-.-.-<.-:/ \

^,
FlO. 80.—Nachet's Portable Dissecting Microscope; on the left as set

up for use, on the right as hnving the stage P turned back upon the

joint 0, so as to lie flat on the bottom of the case.

head in the upj^er part of the limb as to'gii-e a " quick " upward or

downward motion to the body; whilo the "slow ' motion, or fine

FiQ. 31.—Nachet's Portable Compound and Dissecting Microscope,

as packed in case.

adjustment, is given by means of the vertical micrometer screw at

the back of the limb, which raises or lowers a second slide behind the

rack.* The stage is

supported upon a
firm ring, which is

immovably fixed,

not to the limb, but
to a strong conical

pivot which passes

through the limb, to

be clamped by a
screw-nut at its

back,—the purpose
of this being to allow

the whole stage to be
inclined to one side

or the other at any
angle, so that a solid

object maybe viewed
sideways or from
below, as well as

from above. Upon
this ring the stage

rotates horizontally,

its angular move-
ment oeing mea-
sured by a graduated
scale and vernier at

its edge ; and it can
be fixed in any azi-

muth by a clamping-
screw beneath. Kect-
angular movement
is given to the
traversing platform
which carries the ob- Fio. 32.— Boss's Jackson-Zentmayer Compomid
iect by two milled Microscope,

heads on the right of the stage, the whole construction of which ia

adapted to allow li^ht of extreme obliquity to be thrown upon the
object from beneath. On the strong pivot by which thb ata^e ia

< In the older form of contlrnctlon itm retained tiy mrnt makers tha (Ids
«djQ5tment ftct^ directly on tho objectlva, tho fliting or which Is made to luida
np and down wItUlQ the Df^sd ot tM bcdj ; bn^ this plan Im atttz^eu with u^ny
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•ttached to the limb (the axis of which passes through the point at
vhich the object-plane is intersected by ths optic axis of the
body) is hung the swinging tailpiece invented by llr Zentmayer of

Philadelphia, which, carrying the whole illuminating apparatus,

may be so set as to dv* to th* udt of th* iUiuxunating pencil any
required degree of obliquity. To the upper lart of it is attached

a rack-and-pinion movement carrying the "substage," which is

provided with two milled-headed screws for centring it pre-

cisely with the microscope-body. Into this may be fitted the

achromatic condenser, parabolic illuminator, polarizing prism, or

any other kind of illuminating apparatus ; whilst at its lower end

H carries the mirror, the position of which may be varied by sliding

its fitting up or down the " tail-piece," or by turning the arm
which carries it to one side or the other ; while, if direct illumina-

tion from a lamp should be preferred, it may be turned altogether

aside. By swinging the tail-piece round above the stage, oblique

light may be reflected from the mirror, through the condenser, upon
the upper surfaces of objects. The condenser usually fitted to

this instiuraent is of about tV inch focus, with a large back lens ;

behind which are placed an iris-diaphragm for reducing the light

to the central rays, and a diaphragm-plate with apertures of the

various forms most suited.for the. resolution of lined objects by
oblique raj».

No instrument, in the writers judgment, is better adapted than
this for the highest purposes of microscopical research. It works
admirably ivith every power from the lo^vest to the highest, and is

capable of receiving any one of the numerous pieces of apparatus

which have been devised for special researches of various kinds.

The detailed description of these not being here admissible, it will

tie sufficient to indicate the polariscope and the spectroscope as the

most important of these accessories.

Micrometry.

The microscopist has constant need of some means of taking exact
measurements of the dimensions of the minute objects, or parts of

objects, on the study of which he is engaged; and the accuracy of

the operation will of course be proportioned to the correctness of

the standard used, and the care with which it is applied.

The instruments employed in microscopic micrometry are of two
kinds, the measurement being taken in one by the rotation of a

fine screw with a divided milled head, whilst in the other a slip

of glass ruled with lines at fixed distances gives a scale which forms
a basis of computation. Each of these has its advantages and its

The Btac;e-micrometer eonstructed by Franenhofer was formerly
much used by Continental microscopists, and has the advantage of

indicating the actual dimensions of the objects to be measured

;

but it has the two special disadvantages that a sufficiently small
value cannot be conveniently given to its divisions, and that any
error in its construction and working is augmented by the whole
magnifying power employed. This instrument has now, however,
Imost entirely given place to one of those to be next described.

The screw-micrometer ordinarily used in astronomical measure-
Meats (see Micrometer) can be adapted to the eye-piece of the
microscope in a manner essentially the same as that in which it is

applied to the telescope,—its two parallel threads—of which one is

fixed and the other made to approach towards or recede from this

by the turning of the screw—being placed in the focus of the eye-
rlass, and being therefore seen as lines crossing its field of view.
The object is so fooussed that its image is formed in the same jlane

;

and, the latter being brought into such a position that one of its ends
or margins lies in optical contact with the fixed line, the screw is

turned so as to bring the movable line into the like coincidence
with the other. But the distance between the lines, as given by the
number of divisions of the micrometer, will here be the measure-
ment, not of the object itself, but of its magnified image ; and the
value of these divisions, therefore, will depend upon the amplifica-

tion given by the particular objective used. Tfius, suppose each
division of the micrometer to have an actual v.ilue of -nrFintth of an
Inch, and the visual imago to have one hundred times the linear

dimensions of the object, the theoretical micrometrio value of each
division would be i^th of rirliFiithi or one-millionth, of an inch,

—

n degree of minuteness, however, not practically attainable. It is

necessary, moreover, to determine the micrometric value of the
divisions of the micrometer, not only for every objective, but for

lariations in the conditions under which that objective maj" be
Imployed, as regards the length of the tube or "body" of the
microscope, which is varied not only by the draw-tube, but also,

ia many cases, in the working of the fine adjustment or slow
notion, and also, in the case of the large-angled powers furnished
4'ith adjustment for thickness of the covering-glass, for the degree

of separation of the front- from the tack -glasses of the objective,

*hicn makes a very sensible difference in its magnifying power.
This determination is made by means of a divided glass stage-

micrometer put in the place of the object, so that the lines ruled upon
it affixed intervals shall be projected upon the field of view. The
stage-micrometer is usually ruled either to lOOOths of an inch or

lOOths of a mintmetre ; and it Is convenient that one of the division)
of its image should be made to coincide exactly with a certain number
of divisions of the screw-niicrometer. This may be done by lengthen-
ing the draw-tube, so as to increase the amplification of the scale
until coincidence has been reached; and the exact amount of thi»
lengthening should be noted,—as should also the precise position
of the milled head of the slow motion (if it acts on the objective,
instead of on the body as a whole), and of the adjusting screw-collar
of the objective itself. Thus, if two lines of the stage-mifrometer
separated by 1000th of an inch be brought into coincidence with
the two threads of the eye-piece micrometer, separated by forty
divisions of the screw milled head, the value of each of those divi-
sions is jDioD th cf an inch. If the above conditions be precisely
recorded for each objective used in micrometry, the micrometric
value of the divisions remains the same for that objective, whenever
it is employed under the same conditions.
The errors to which micrometers are subject anse (1) from in-

equalities in the ruling of the stage-micrometer, (2) from irregulari-
ties in the screw of the eye-piece micrometer, (3) from " lost time

"

in its working, and (-4) from the thickness of its threads. In order
to eliminate the first and second, it is well to determine the rela-

tion of the divisions of the two micrometers by the compai'ison of
a considerable number of both ; the third proceeds from an imper-
fection of workmanship which, if it shows itself sensibly, entirely

I

destroys the value of the instrument, while the fourth can tw
rectified by the exercise of skill and judgment on the part of the
observer. For, if the micrometer is so constructed as to read zers
when one thread lies exactly upon the other, its divisions indicate

the distance between the axes of these threads when separated ; and
the dimensions of any object (such as a blood-corpuscle) lying
between their borders will obviously be too great by half the thick-

ness of the two threads, that is, by the entire thickness of one
thread. "When, on the other hand, the measurement is being made
(as of the distances of tlie striae on diatoms) by the coinfideuce
between certain lines on the object and the axes of the threads of

the micrometer, the dimensions indicated by the divisions of the
screw milled-head will be correct.

The costliness of a well-constructed screw-micrometer being a
fcrmidable obstacle to its general use, a simpler method (devised by
Mr George Jackson) is more commonly adopted, which consists iu
the insertion of a ruled-glass scale into the focus of an ordinary
Huygenian eye-piece, so that its lines are projected on the field of

view. This scale (ruled, like an ordinary measure, with every fifth

line long, and every tenth line double the length of the fifth) ia

fixed in a brass inner frame, that has a slight motion in the direc-

tion of its length within an outer frame; and this last, being intro-

duced through a pair of slits into the eye-piece just above the

diaphragm, and being made to occupy the centre of the field, ia

brought exactly into focus by unscrewing the eye-glass as far as

may be requisite. When the image of the object to be measured is

brought by the focal adjustment of the object-glass into the sariie

plane, a small pushing-screw at the end of the micrometer (whose
action is antagonized by a spring at the other end) is turned until

one of the long divisions of the scale is brought into optical contact

with one edge of the image of the object to be measured, and the

number of divisions is then counted to its other edge,—the operation

being exactly that of laying a rule across the real object if enlarged

to the size of its image. The micrometric value of each division of

this eye-piece scale must be carefully ascertained for each objective,

as in the case of the screw-micrometer, the error arising from in-

equality of its divisions being eliminated as far as possible by taking

an average of several. The principal point of inferiority in this

form of micrometer is that, as its divisions cannot be made of

nearly so small a value as those of the screw-micrometer, an
estimate of fractional parts of them often becomes necessary, which
is objectionable as involving an additional source of error. To meet
this objection, Hartnack has introduced the diagonal scale used in

mathematical instruments before the invention of the vernier.

Another mode of making micrometric measurements, which for

some purposes has considerable advantages, is to employ a stage-

micrometer in combination with some form of camera lucida

attached to the eye-piece of the microscope, so that the image of

its divisions may be projected upon the same surface as that on
which the image of the object is thrown. By first using the ruled

stage-micrometer, and marking on the paper the average distance

of its lines as seen in the central part of the field, and then ruling

the paper accordingly, the micrometric value of the divisions so

projected maybe exactly determined for the objective employed and
the distance of the drawing-plane from the eye-piece,—so that, when
the image of any object is projected under the same conditions, the

dimensions of that image or of any parts of it can be exactly measured

upon the divided scale previously projected, and the true dimen-

sions of the object thus easily ascertained. If, for example, the

lines of a stage-micrometer -ruled to the thousandth of an inch

should, when thus projected, fall at a distance of an inch apart,

then the application of an ordinary scale of inches (divided into

tenths) to the image of an obje^ projected by the same objectivo
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and on the same piano would give its real dimensions in

thousandths of an inch, while the t.-uths of the inch scale would

represent a real dimension of as many ten-thousandths. It ia often

desirable to make such measurements from careful tracings of the

outlines of objects, rather than from the visual images,—this plan

being especially advantageous when the exact dimensions of many

similar objects have to be compared, as in the case of blood-cor-

puscles, precise measurements of which are not unfrequentlv required

in judicial inquiries. It was by the use of this method that the

late Mr Gulliver made his admirable series of measurcmeuts of the

average and extreme dimensions of the blood-corpuscles of different

•nimals. And more recently Jlr Dallinger has shown,—by first

making a very fine camera lucida tracing of Sadcrium Urmo

under an amiillfication of 2000 diameters, and measuring the breadth

of iU body in the mode above indicated (which gave it as rtsUfti

of an inch), and then by magnifying his tracing from five to ten

diameters, and comparing, by means of the screw-micrometer, the

breadth of the flagellum with that of the body (which last proved

to be just ten times as great), -that, although the theoretical limit

of resolving power for closely approximated lines is irs^u^th ot an

inch, a semitransparent filament whose breadth is not greater than

i5»WT>th of an inch may be clearly discerned, and even measured

with a close approximation to accuracy (Jour, of Moyal Micros.

Socidy, vol. i., 1879, p. 169). 'W. B. C.)

MIDAS, king of Phrygia, is one of those half-legendary

heroes in whom religious legends have gathered round a

real person. The name Midas the king, MIAAT /ANAKTEI,
occurs on a very ancient tomb in the valley of the Sangarius,

the legendary seat of the Phrygian kingdom {Iliad Hi.

189). The Phrygian monarchy was destroyed by the

Cimmerians about 670 B.C., and the last king Midas com-

mitted suicide by drinking bull's blood. The name Midas

became in Greek tradition the representative of this ancient

dynasty, but all that is told of him is religious myth. He
is a figure in the cycle of Cybele legends, the son of the

goddess and her first priest. He is also closely connected

with the cultus of Dionysus, like the two heroic personages

Marsyas and Silenus. The Midas legend was known on

Mount Bermius in Macedonia, and must at one time have

existed in Greece ; two cities Alidea, in Argolis and in

Boeotia, recall the Phrygian city Midseium.
See Herod, viii. 138; Xen., A'nab., i. 2, 13; Pans. i. 45, &c.

MIDDELBURG, in Holland, the ancient capital of the

province of Zealand, situated in the middle of the island

of Walcheren, is mentioned as early as 1153, and receives

the title "to^vn" in a charter granted it in 1227. It has

all the characteristics of an old and worn-out place. The
population (25,000 in 1739) had sunk to 12,000 or 13,000
by the beginning of the 19th century, and has only begun
recently to increase again, being 15,939 in 1882. The
dwelling-houses, which in 1739 were about 3800, are now
but 3000, and of these about 600 are unoccupied. The
vast warehouses and imposing mansions once belonging to

wealthy families, which have either died out or left the
place, call up the memory of that prosperity which Middel-
burg enjoyed before its extensive trade, with the East and
West Indies, with England and Flanders, was ruined by
the war with England and the French occupation. By
the opening of the railway (1872) and of the ship canal

(1873) to Flushing Middelburg was lifted out of its isola-

tion, and, with the assistance of the chamber of commerce,
manufacturing industries (iron, machinery, furniture, oil,

cigars, &c.) were established ; but the prosperity anticipated
for Flushing, and consequently for Middelburg, remains
unrealized. One of the chief sights of Middelbtxrg is the
splendid town-house, for the most part erected in 1512-13,
with its front gable adorned with twenty-five statues of

counts and countesses of Holland and Zealand ; it contains
the archives, and a most valuable antiquarian and historical

collection. The abbey, begun in 1150, has frequently been
the residence of royal visitors (Maximilian, Philip the Fair,

Charles V., and so on down to Napoleon I., and William I.,

IL, and III.)
;
part of it is now an hotel, and part of it is

occupied by the provincial authorities. The great hall of
the building, in which the states of Zealand assemble, is

adorned with beautiful tapestries by Jan de Maecht, repre-

senting the heroic feats of the men of Zealand in the
contest with Spain. What was formerly the nave of the
abbey church is now the New Church, and the ancient choir

constitutes the Choir Church. The former contains a fine

pulpit resting on an eagle, the monument of William, king

of the Romans (d. 1256), and the tombs of Jan and

Cornells Evertsen, two naval heroes who fell in the war

against England in 1666 ; the latter has the monuments

of the learned Hadrian Junius and of Jan Pieterszoon.

The provincial court, the corn exchange, the Hof St Joris

and the Hof St Sebastian (formerly buildings belonging to

the guilds of archers, and now places of amusement) deserve

mention. The great museum of Zealand antiquities, col-

lected by the Zealand Society of Arts and Sciences (founded

at Flushing in 1769 and transferred to Middelburg in

1801), shows that the town is the intellectual centre of the

province.

The principal facts In the history of Middelburg are the sieges by

the Flemings in 1288, 1296, and 1303 (the last resulting in the

capture of the town by Guy of Dampierre); the recovery of the

town from the Spaniards in 1574, after an investment of nearly two

years; the frequent disturbances among the townsfolk in the 17lh

and 18th centuries; the surrender to the English in 1809 ; and the

arrival and departure of the French in 1809 and 1814,

niDDLEBOROUGH, a town of the United States, in

Plj , louth county, Massachusetts, 34 miles south of Boston.

It L a handsome town-haU and a public library, manufac-

tures woollen goods, straw goods, shovels, shoes, carriages,

&c., and in 1880 had 5237 inhabitants.

MIDDLESBROUGH, situated near the mouth of the

Tees, on its south bank, in the North Riding of Yorkshire,

has now become the principal seat of the English iron

trade. It is a municipal and parliamentary borough,

locally governed by a mayor and corporation, and returns

a member to parliament. The earlier history of the place

is meagre. Where Middlesbrough now stands (Graves's

History of Cleveland) there were at one time a small chapel

and priory founded lay Robert de Brus of Skelton Castle.

These were dedicated to St Hilda, and with some lands

were given by De Brus to the abbey of St Hilda at Whitby
in 1130. The priory fell into ruins at the time of the

Reformation, and no trace now remains beyond some stones

built into the wall of a brewery. The mayor's chair also

is made from a fragment. In 1801 there were upon the

site of Middlesbrough only four farm-houses. In 1829 a

company styling itself the Middlesbrough Owners bought
500 acres of land, and commenced building the town. In

1830 the Stockton and Darlington Railway was extended
from Stockton to Middlesbrough ; four years later the town
was lighted with gas ; and after six years more a public

market was established. The census of 1831 showed the

population to be 154; that of 1841 showed 6709. In

1842 the opening of the docks gave additional importance
to the town. First containing an area of 9 acres, they
were extended in 1872 to 12 acres, with 1700 feet of

quays. Vessels of 3000 tons burden can be accommodated.
From the year 1851, when J. Vaughan discovered the
presence of ironstone in the Eston Hills, the town advanced
with rapid strides. When the jubilee of the town was held
in 1881 (a year late) the population had risen to 55,934,
the area to 2731 acres, and the rateable value to £140,000,
the population of the parliamentary borough (area 4715

I
acres) being 72,145. In the district there are upwards of
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] 30 blast furnaces, besides large iron and steel works ; and
the Thomas-Gilchrist process of making steel promises for

Jliddlesbrough importance in the future as a steel entre-

pot. The make of pig-iron in 1880 was 1,991,032 tons.

There are also shipbuilding, potteries, chemical works, and
a salt trade. Middlesbrough is well laid out, nearly all

the streets lying at right angles to one another. Many of

the churches and the exchange are handiome buUdings,
while the station of the North Eastern Railway is probably
the finest in the north of England. A splendid park of 72
acres, the gift of the late H. F. W. Bolckow, adds greatly

to the amenity of the town.

MIDDLESEX, an inland county in the south-east of

England, lying between 51° 25' and 51° 40' N. lat., and
between 0° and 0° 36' W. long. On the south it is divided

from Surrey and Kent by the Thames, on the east from
Essex by the Lea, on the west from Buckinghamshire by the

Colne, and on the north from Hertfordshire by a partly

artificial and very irregular line. Although with the ex-

ception of Rutland it is the smallest county in England,
its population is exceeded by that of Lancashire only. Its

total area is 181,317 acres, of which 2592 acres are common
or waste lands. The longest straight line that can be
drawn in the county is one of nearly 28 miles from the

north-eastern extremity near Waltham Abbey to the south-

western at Staines. From north to south in the broadest

part the distance is about 1 5 miles.

Surface and Geology.—The greater portion of the county
is flat, although there are sufficient undulations to allow of

a proper drainage of the land. A range of hills runs along

the Hertfordshire border by Barnet, Elstree, Stanmore, and
Pinner, averaging 400 feet in height ; another range occupies

the ground just north of London by Hornsey, Highgate,

and Hampstead ; Harrow occupies an isolated eminence
between the two ranges.

The county lies entirely within the basin of the Thames,
and the London Clay extends over a large portion of the

surface. This formation stretches from the mouth of the

estuary of' the Thames to the neighbourhood of Marl-

borough. It attains its greatest breadth (little short of 30
miles) in the neighbourhood of London, and extends north-

ward until it is lost beneath the drift of Suffolk and
Norfolk. The following is a table of the various beds of

rock which occur at the surface, with their greatest thick-

ness (in feet) in the district :

—

Alluvium (recent river deposits) 16

Post-Pliocene Terliaxiec.

Post-glacial beds (brick-earth, gravel, &c.) 60
Glacial drift (boulder clay, grave!, o;c. ) 80

Eocene Tertiariea.

Lower Bagshot sands 100
London Clay 420
AVooIwich and Reading beds 90

Cretaceous.

Chalk with flints 800

Chalk comes to the surface in so very few places that it

is scarcely worth mention. It is seen near Harefield and on

the north-west side of South Mimms. The depth from the

surface to the chalk varies greatly in different parts of the

county. This has been proved by the borings for wells;

thus at Isleworth the depth is 400 feet and at Hampstead
378, while at Ruislip it is 76 feet and at Pinner only 60.

The Reading beds (plastic clays) are brought to the sur-

face at Windsor. They follow roughly the course of the

river Colne from the north of Uxbridge along the flank of

the hills north-eastward, but are sometimes cut back south-

ward along small side valleys. An outlying mass is

exposed at Pmner. The Bagshot sands, consisting of

,^vel and sand permeable to water, once stretched over

the whole extent of the London Clay, but they are now to

lie found only on the high grounds at Hampstead, High-

gate, and Harrow. A comer of the main mass enters the
south-west corner of the county near Littleton. Beds of

brick-earth occur in the drift between West Drayton and
Uxbridge.

Several deep borings in the London basin prove the
existence beneath the chalk of beds which do not crop out
in Middlesex. Three of these are in the county; and the
most interesting is that at Meux's Brewery, Tottenham
Court Road (about 1146 feet), which passes through the
following formations :—gravel and clay, 2 1 feet ; London
Clay, 64 feet; Reading beds, 51 feet; Thanet sand, 21 feet;

chalk, 655 feet; Upper Greensand, 28 feet; gault, 160
feet ; Lower Greensand, 64 feet ; Devonian, 80 feet.

Rivers and Canals.—The Thames is very tortuous in the

44 miles of its course from Staines to Blackwall, and makes
a remarkable bend at the eastern limit of the county where
it forms the so-called Isle of Dogs. The width at Staines
is 200 feet, at Chiswick opposite Barnes 340 feet,- at
Hammersmith 525 feet, at Fulham 820 feet, at Westmin-
ster Bridge 1 100 feet, but at London Bridge it is less than
800 feet ; above the junction of the Lea at the Isle of Dogs
the width is 1350 feet. The ordinary rise of the tide at

London Bridge is 16 feet, and the tide-way ends at Ted-
dington. The port of London begins below London Bridge,
and the channel for from 2 to 3 miles is called the Pool.

The Colne from Hertfordshire enters Middlesex at the

north-western corner of the county. It then runs south,

joining the Thames at Staines, and in its course divides

Middlesex from Buckinghamshire for 15 miles. After the
river leaves Uxbridge it divides out into several small
channels. The Lea from Hertfordshire enters Middlesex
at the north-eastern corner of the county near Waltham
Abbey. It runs south, dividing Middlesex from Essex for

15 mUes, and falls into the Thames at Bow Creek. Several

branches flow off from the river during its course. The
Brent from Hertfordshire enters Middlesex near Finchley.

It takes a circiiitous direction southward through the

middle of the county by Hendon, Kingsbury, Twyford,
Greenford, and Hanwell to the town of Brentford, where it

unites with the Thames. Where the river crosses the Edge-
ware Road (about 3 miles south of the town of Edgeware)
it is expanded by artificial means into an extensive reser-

voir. The Cran (or Yedding Brook) rises in the district

between Harrow and Pinner and flows under Cranford
Bridge; it crosses Hounslow Heath, and bends round to

Twickenham and Isleworth, where in a divided stream it

falls into the Thames.
There were several other small streams in the neighbour-

hood of London which have left their mark in the names
of places, but which are now merely sfewers, such as the

Wallbrook, the Westbourn, the Tyburn, the Fleet river,

&c. The last-mentioned, which runs into the Thames near

Blackfriars Bridge, was formerly navigable as far as

Holborn Bridge ; but, the Fleet Ditch, as it was then called,

having become in the last century a dangeroiw nuisance,

the lord mayor and citizens were empowered by Act of

Parliament to arch it over. The work was commenced in

1734, and in 1737 Fleet market, occupying the site of the

space from Holborn BridgE to Fleet Bridge, was opened to

the public. The New River, an artificial water-course con-

structed by Sir Hugh Myddelton in the reign of James L
to supply London with water, runs through the county from

north to south a little to the west of the river Lea. It

derives its waters from the springs of Amwell and Chadwell,

increased by a cut from the Lea, in the neighbourhood of

Ware, and enters Middlesex from Hertfordshire about 2

miles north of Enfield. It passes Enfield, Tottenham,

Hornsey, and Stoke Newington, and is received into the

reservoir in Clerkenwell known as the New River Head.

The Grand Junction Canal leaves the Thames at Brent
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ford, proceeds in a westerly direction by way of Hanwell
and Cranford to West Drayton ; thence in a northerly
direction it follows the valley of the Colne. It passes
Uibridge, and after leaving the county takes its further
course by Rickmansworth through Hertfordshire. The
Paddington Canal leaves the Grand Junction Canal at

Cranford, and passes Northolt, Apperton, Twyford (where
it is carried over the Brent by an aqueduct), and .Kensal

Green. At Paddington it joins the Regent's Canal, which
passes the north of Regent's Park, and after proceeding
through the eastern portions of London joins the Thames
at Limehouse. The Regent's Canal is joined to the river

Lea by means of Sir George Duckett's Canal, and thus
there is a through communication from the north-eastern

comer of the county to the south-eastern corner, thence

from east to west, and northward to the north-west corner.

Climate, Soil, Agriculture, drc.—The climate of the

county is equable and good, and the shelter of the northern
hills makes the air mild. Highgate, Hampstead, and
some other parts are supposed to be specially healthy, and
are recommended for invalids by the medical profession.

The heavy poor clay in the north and north-western por-

tion of Middlesex is chiefly covered with permanent grass.

In some parts it has been made fit for arable cultivation

by the addition of chalk, lime, and ashes. The rich

deposits from the Thames have formed a soil which' when
well manured is specially suitably for market gardens.

From its nearness to London the district has long been
famous for high farming, and the divisions devoted to

different kinds of farming are well marked. The greater

part of Gore and Ossulston hundreds, portions of Spel-

thorne and Edmonton hundreds, and a strip down the

western side of Elthorne hundred are devoted to meadow
and pasture. The arable land is chiefly found on the

western side, and between the Great Western Railway and
the Thames. It is also to be seen in the north-western

district. With the constant increase of London, houses
have encroached upon the fields, and most of the market
gardens which were situated in the neighbourhood of

Islington and Hackney have disappeared. The strip of

land by the Thames from Brentford to Chelsea was given

up almost entirely to market gardens, but Fulham is fast

being built over.

According to the returns for 1882, the area occupied by grain
and green crops, grass, kc, waa 116,470 acres. Of this amount,
'16,337 acres were under corn crops (wheat, 6410; barley, 3083;
oats, 3895, and beans and pease, 2636) ; 13,451 under green crops
(including potatoes, 3019; turnips, 1539; mangolds, 1692; cabbage,
Ac, 118S); 3025 under clover and grasses sown in rotation ; and
l82,782 under permanent pasture. Orchards occupied 3419 acres;

•inarket gardens, 6900; nursery grounds, 447; and woods, 2382.
in the same year the horses numbered 6939 (4188 used for agri-

cultural purposes); cattle, 23,283 (cows, 15,390); sheep, 23,916;
and pigs, 12,035.
' The following were the landowners in the county (exclusive of

London) at the time of the Domesday survey:—the king, the arch-

bishop of Canterbury, the bishop and canons of London, the abbeys
of Westminster and Holy Trinity at Caen, the nunnery of Barking,

the Earls Roger and Morton, Geoffrey de Mannevele, Ernulf de
Hesding, Walter Fitz Other, Walter de St Walery, Richard Fitz

Gilbert, Robert Gernon, Robert Fafiton, Robert Fitz Roselin,

Robert Blund, Roger de Rames, William Fitz Ansculf, Ednjund de

Salisbury, Aubrey de Vere, Ranulf Fitz llger, Derman, Countess

Judith, and the king's almoners.

In 1873, accoriling to the Return of Oumera of Land, the total

DMmber of owners in the county (also exclusive of London) was

11,881, of whom 9006 owned less than an acre. The extent of

lands (including common or waste lands) is given as 145,605. The
gross estimated rental was XI, 61 1,655. Sixteen owners each pos-

sessed over 1000 acres. The crown owned 2382 acres (annual

value £5503); the duchy of Lancaster, 2273 acres (£4492) ; Ecclesi-

astical Commissioners, 1308 acres (£46,519) ; All Souls' College,

Oxford, 1813 acres (£4724); Glirist Church, Oxford, 1132 acres

(£1635) ; and Kiag's College, Cambridge, 1097 (£1084).

Many villages of Middlesex, especially those near to

London, were formerly famous for their mineral springs.

Some places arc still supplied with water from wells ; but

the Barnet, the East Middlesex, the Grand Junction, the

West Middlesex, and the New River Water Companies
serve a large part of the county.

Manufactures^ and Trade.—'There is little to remark with

regard to the manufactures of the county outside of London.
Brick-making and tile-making have always flourished, and
malting, distilling, and soap-making are favourite industries.

Gunpowder mills exist at Twickenham and Bedfont.

The market-towns for com are Uxbridge, Brentford, and
Staines, for cattle and sheep SouthalL A horse and cattle

fair is held at South Mimms and Barnet

Railways and Ronds.—As London \a the centre of the railway
system of England, it is evident that many of the lines must run
through Middlesex. For similar reasons it is well provided with
roads.

Population.—The total population of Middlesex was 2,639,765 in

1871 and 2,920,485 in 1881, or excluding the seven metropolitan
boroughs lying within the county 276,028 in 1871 and 394,089
in 1881. llost of the towns and villages have largely increased

during the period between 1871 and 1881 ; the populations of Acton
and Tottenham have more than doubled, and Chiswick, Ealing,

Edmonton, and Willesden have almost doubled. Of the larger

places the least increase has been at Brentford, which numbered
10,271 in 1871, and reached 11,808 in 1881. At the time of the
Domesday survey the population of Middlesex, exclusive of London,
was 2302.

Oovcrnment.—Unlike other counties, Middlesex has no high
sheriff appointed by the sovereign. It is subject to the City of
London, and one of the sheriffs appointed by the lord mayor is sheriff

for Middlesex. When Henry L came to the throne he gave the city

an extensive charter, and one of the privileges either granted or
confirmed by the king was the perpetual sheriffwick of Midillesex.

The whole of the county is included in the diocese of London,
and is divided between the archdeaconries of London and Middlesex.
When Henry VIII. created the bishopric of Westminster he allotted

the whole county (the parish of Fulham alone excepted) for its

diocese. Edward VI., however, dissolved the bishopric in the
fourth year of his reign.

The county is divided into six hundreds, which remain the same
as they were at the time of the Domesday survey, except that the
name of one has been changed:—Ossulston (Osulvestane D. ), Edmon-
ton (Delmetone D.), Gore (Gara D.), Elthorne (Heletorue oi

Helethorne D. ), Spelthorne (Speletome or Spelethorne D. ), Isle-

worth (Honeslaw D., i.e., Hounslow). The division into hundreds
is now merely a name, and a record of a former system of local

govemmeni.
There are thirty-two poor-law unions, but the unions beyond

London are only eight in number, viz.; Brentford, Edmonton,
Fulham, Hackney, Hampstead, Hendon, Staines, Uxbridge.
The majority of hospitals are in London, but there is a training

hospital at Tottenham, St John's Hospital at Twickenham, and
cottage hospitals at Enfield, Ealing, Hayes, Hillingdon, Sudbury,
and Teddington. The Royal India Lunatic Asylum is at Ealing,

and the two county asylums at Colney Hatch and Hanwell.
The county is within the jurisdiction of the central criminal court

and also of the metropolitan police (with the exception of the City).

Parliamentary Representation.—There are nine constituencies in

Middlesex, returning nineteen members, viz., two for tho county,
four for the City of London, two for each of the boroughs of West-
minster, Finsbury, Marylebone, the Tower Hamlets, Chelsea, and
Hackney, with one for the university of London.

In the parliament of 1295 Middlesex was represented by two
members ; in 1298 London sent two members as well as the county.

For the parliament of 1320 and subsequent parliaments London
elected four members, but it does not appear that all were allowed
to sit. From the 16th century, however, the city has always sent

four members to parliament. In 1647 Westminster first sent her
two members, and from that time until 1832 the only seats were
those for the county and the two boroughs. In 1832 the boroughs of

Finsbury, Marylebone, and Tower Hamlets were added, and in 1866
the boroughs of Chelsea and Hackney and the university of Loudon.

History.—Tho district now included in Middlesex was largely

occupied by forest up to a comparatively recent period, and its

population must always have been very sparse. A few prehistoric

remains have been discovered at various times,—bones of the
elephant, hippopotamus, deer, &c., at Old Brentford, elk boms
near Chelsea Hospital, fossil teeth, fish, fruit, kc, at Highgate,
and quite recently, in 1879, while the foundations were being dug
out for Drummond's New Bank at Charing Cross, a large number
of prehistoric animal remains. Flint instruments have also been
found to cover a considerable area. During the British period tha

district is supposed to have been inhabited by the Trinobantes, but
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the late Dr Guest affirms that the vaUey of the Lea was the western

boundary of that tribe. In answer to the question—What became
of the district between the Lea and the Brent ? this great authority

states that the district was merely a inarch of the " Catuvellanni,"

a common through which ran a wide trackway, but in which was

neither town, village, nor'inhabited house. Dr Guest also declares

that the boundaries of the Catuvellaunian state, a central kingdom
formed or much extended by Cassivellaunus, can be traced in part

tlong the northern limit of Middlesex by following an earthwork

calleo Grimesditch " from Brockley Hill to the woodland of the

Oolne Valley and thence to the Brent, and down the Brent to the

ThameB."' Some earthworks and encampments still exist which

are attributed to the Britons.

When the country was under Boman rule great improvements,

due to the growing importance of Londinium, were made in this

district. Several roads in connexion with the city must have been

constructed, more especially the great northern and pastern roads.

Dr Guest does not believe that the present Watling Street could

have had any connexion with the Watling Street which came down
the Edgeware Road, passed along by Park Lane, and crossed the

Thames at Westminster. In the Antonine Itinerary mention is

made of three stations, viz., Londinium, SuUoniacae, and Pontes.

Sulloniacae is now Brockley Hill ; Pontes is supposed by Stukeley

to mean Staines, but Horsley held that it was intended for Old
Windsor, and others supported the claims of Colnbrook and Long-
ford. Boman camps have been found in many parts of the county,

and Dr Stukeley supposed that the Brill, near St Pancras, was the

site of the battle between Boadicea and the Roman legions which has

left a slight record in the name of Battle Bridge. The Roman
remains found at different times are too numerous to mention here

in detail. Coins, urns, and tiles were found at Enfield, a sepulchral

um at Hampstead, and numerous gold coins and ornaments at

Bentley Priory, Great Stanmore, in 1781.

Cowey Stakes, about a furlong west of Walton Bridge, is supposed
to be the locality of the ford by which Julius Csesar crossed the

Thames. Caesar makes special mention of the sharp stakes which
he had to encounter, and Bede says that the remains of the stakes

were to be seen in his day. Camden was the first to fix upon this

lis the spot where Caesar crossed, and he is supported bj Dr Guest,

but the identification is not undisputed. Although a ford existed

here as late as 1807, and stakes were found up to the end of the
18th century, it has been afiirmed that they were placed in their

position with another object than to oppose an enemy's progress.

Roman remains have been found at Shepperton neai' Halliford, at

the Middlesex, end of the ford. A vase was dug up in 1817 and
*he remains of a Roman cemetery have also been discovered.

As to the earliest Saxon occupation we are left veiy much to con-

jecture, and the name itself is somewhat of a puzzle. It is evident
that no tribe could have obtained the name of Middle Saxons until

after the settlement of the districts on each side of it by the East
and the West Saxons. As Middlesex was for a period dependent
upon the kingdom of Essex, it is probable that the name did not
come into use until London had become a Saxon city, although there

is reason to believe that previously Saxon settlements had been
made on several places by the river and elsewhere Bede tells us
that London was in the hands of King Sseberct in 604, and was then
the chief town of Essex. Just a century afterwards—that is, in 704
—the king of the East Saxons granted away land at Twickenham,
showing that Middlesex was tnen dependent upon Essex. It is

worthy of note that the two districts now forming the counties

in which London and Southwark are situated were separated
from the kingdoms to which they originally belonged probably
on account of the importance of the city of London and the borough
of Southwark, Middlesex from the kingdom of Essex and Surrey
or the South Ridge (A.-S. Su'S-rige) from the kingdom of Kent.

Middlesex appears never to have been independent. The admini-
strative shire was let to the men of London and their heirs to be
held in farm of the king and his heirs, and " the subject shire has
to submit to the authority of the sheriffs chosen by the ruling

city." •

Middlesex is only once mentioned in the Saxon Chronicle, under
date 1011, where it is noticed as one of the districts overrun by
the Danes. One manuscript (A. Winchester) mentions the Middle
Siixons as receiving the true faith under their alderman Peada
in 653 ; but this is evidently a mistake of the scribe, for the fact is

taken from Bede, and he writes Middle Angles, as do the othet
MSS. of the Chronicle.'

1 "Lecture on the OriKln of London," Athtnievm, 1866, No. 202?.
' Freeman, Sorman Conquest, vol v, (1876) p. 468.

3 In the above passage fiom the Chronicle, where the districts ovfermn by the
Danes in 1011 are enumerated, the ahires, which took their names from their
chief towns, are distinctly marked off from the districts which took their names
from the peoples who inliabited them. Of the latter there are, besides the
Middle Saxons, the East Anglvb, the Kentings, and the Sooth Saxons. Middlesex
la styled an administrative eliire, because it was not historically a shire, but
only one for the purposes of administrative organization. Of the present forty

coootles twenty-eight are and twelve are not sillies. Wessex was divitied into six

ebires, and Mercia Into eighteen, with the sobsequent addition of Rutland, taken

The Saxons appear to have settled over a large portion of the

district, and for the purpose of settlement they must have made
considerable clearings in the vast forest of Middlesex. There seema

to be good reason for believing that previous to their coming the

roads passed through waste lands. By the time of Edward the

Confessor a large proportion of the present towns and villages were

in existence. Mr Elton, in his 0righi3 ofEnglish Mistory,* mentions
a curious fact with relation to the tenures which prevailed in some
of these places. He alludes to a ring of manors encircling ancient

London where the custom of Borough English or junior nght was
prevalent." He then goes on to point out that in this cluster of

manors there are several varieties of the custom:— " Its benefit in

Islington and Edmonton was confined to the youngest son ; at

Ealing, Acton, and Isleworth it extended to the brothers and male
collateral heirs ; and in a great number of instances the privilege

was given to females as well as to males in every degree of relation-

ship. These variations are of no very great importance, the custom
being modified in all parts of the country by the rule that special

proof must be given of any extension of that strict form of Borough
English for the benefit of the younger son of which alone the courta

have cognizance. But it is of the greater interest to observe that

in several places near London 'it is the custom for the land to

descend to the youngest, if it is under a particular value of five

pounds, but if it is worth more, it is parted among all the sons

'

[First Real Property Commission Evidence, p. 2S4)."
Tha great forest of Middlesex continued long after the Norman

Conquest, and even as late as the reign of Elizabeth portions of it

still existed quite close to London. Fitz Stephen, the monk of

Canterbury and secretary of Thomas a Becket, mentions in his
interesting description of London the immense forest with ita

densely wooded thickets, and its coverts of game, stags, fallow

deer, boars, and wild bulls. A few years after Fitz Stephen's death,
in the reign of Henry III. (1218), the forest was disafforested, and
some of the wealthy citizens took the opportunity of purchasing
land and building upon it. Matthew Paris, in his bfe of the twelfth
abbot of St Albans, describes the woods contiguous to the Watling
Street between London and St Albans as almost impenetrable, and
so much infested by outlaws and by beasts of prey that the numer-
ous pilgrims who travelled along the Roman road to the shrine of

Albanus were exposed to imminent danger.

There is little further history that can be told of Middlesex.
There are many interesting incidents connected with some of the
places, but corporate life has been crushed out of the county by the
greatness of London. Not a single place except London has grown
into importance, and nowhere outside of London is there a building
of first-rate interest. The villages on the -Thames early began to

increase in size on account of the convenience of locomotion
supplied by the river. It is only since the extension of the railway
system that the villages to the north and north-west of London
have grown in size, and this growth has been mainly due to the
building of houses for the use of the Londoners.
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(it is believed) from Northamptonshire. Torkshire wi, taken from Korthorobrlm,
Lancaahire fiom Cumbria, and, last of all, Monmouthahm from Wales, b* an
Act ot Henry Vlll.a reign. ^ '

* Pp. 188-89, and note.
s iii COk-ner gives the nomher of Instances be bu found at tlxtvea.

16-12*
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MIDDLETON, a market and manufacturing town of

Lancashire, is situated on the Irk, near the Rochdale

Canal, and on the Lancashire and Yorkshire Railway,

about 5 milfes north of Manchester and 4 west of Oldham.

It includes the township of Tonge, an isolated portion of

the parish of Prestwich. The church of St Leonards is an

old structure of mized architecture, with a low square

tower. The oldest portion of the building dates from the

12th century, but the main portion from 1412, and the

south aisle from 1524. It underwent extensive restoration

in 1869 The Queen Elizabeth Grammar School, a build-

ing in the Tudor style, was founded in 1572. There are

pubLc baths and a free libmry. The prosperity of the town

nates from the introduction of manufactures at the close of

lost century. The staple trade is the spinning and weaving

of cotton, and the other industries include silk weaving,

c&lico prmting, bleaching, dyeing, jronfounding, and the

rtinufacture of soap and chemicals. There are several

collieries in the neighbourhood. The town was at an early

period in possession of the Bartons, from whom it passed

by marriage in the 16th century to Sir Ralph de Assheton.

The population of the urban sanitary district of Middleton

and Tonge in 1881 was 18,952.

MIDDLETON, Contees (1683-1750), the earliest and

most eminent example of the spirit of theological rational-

ism in the English Church of the 18th century, was the

Bon of the rector of Hinderwell near Whitby, and was born

at Richmond in Yorkshire, on December 27 (or, according

to another account, on August 3), 1683. He graduated at

Cambridge, took orders, and in 1706 obtained a fellowship,

which he soon resigned upon contracting an advantageous

marriage. In 1717 a dispute with Bentley, upon an

extortionate demand of the latter on occasion of Middleton's

being created D.D., involved him in an acrimonious con-

troversy, which called forth several pamphlets from his

pen full of powerful invective, and among them his first

considerable literary performanceb, the Bemarls and

Further Remarks on Bentley's Proposals for d New Edition

of the Greek Testament (1721). "You linve laid Bentley

flat upon his back," wrote Colbatch. ''I scorn to read

what the rascal has written," wrote Bentley,—who, how-

ever, only resorted to this affected disdain after a fruitless

attempt to fix the authorship upon Colbatch, but who
might justly have commented upon the impropriety of

Middleton's endeavour to visit his grievances upon the text

of the New Testament. Private resentment and uncurbed

personality were throughout his life too frequently the

motive and the note of Middleton's controversial publica-

tions. In 1723 he was involved in a lawsuit by person-

alities against Bentley, which had found their way into

his otherwise judicious tract on library administration,

written on occasion of his appointment to the honourable

office of university librarian. In 1726 he gave great

offence to the medical profession by a dissertation contend-

ing that the healing art among the ancients was only

exercised by slaves or freedmen. Between the dates of

these publications'he visited Italy, and made those observa-

tions on the pagan pedigree of Italian superstitions which

he subsequently embodied in his Letter from Rome (1729).

This • cogent tract, while establishing the author's main

proposition with abundant learning and wit, gave at the

same time the first clear indication of the onti-supernatural-

istic bias of his ratellect, and probably contributed to

prepare the storm which broke out against him on his next

jjublication (1731). In his remonstrance with Waterland

on occasion of the latter's reply to Tindal's Christianity as

Old as the Creation, Middleton takes a line which in his

day could hardly fail to expose him to the reproach of

infidelity. He gives up the literal truth of the primeval

Mosaic narratives ; and, in professing to indicate a short

and easy method of confuting Tindal, lays principal stress

on the indispensableness of Christianity as a mainstay, of

social order. This was to resign nearly everything that

divines of the Waterland stamp thought worth defending.

Middleton was warmly assailed from many quarters, and

retreated with some difficulty under cover of a aheaf of

apologetic pamphlets, and a more regular attendance at

churcL A freethinker in the strict sense of the term he

certainly was ; but how far freedom of thought was carried

by him it is not easy to ascertain. His adversaries—some

of them men who gravely maintained that Egyptian

civilization originated in the age of Solomon—were unable

to fix any serious imputation upon him ; on the other hand

it is clear that the natural attitude of his mind towards

supernatural pretensions was one of suspicion, and that his

temperament was by no means devout. That he was

nevertheless not incapable of a disinterested hero-worship

was evinced by his next important publication, the elegant

but partial Liff of Cicero (1741), a work which, if far

below the standard of modem exactness, may yet compare

in spirit and execution with the best productions of the

Italian Renaissance. It is, indeed, as remarked by

Fors)rth, "rather an historical composition, in which

Cicero is the principal figure, than the portrait of the man
himself"; and Dr Parr has pointed out Middleton's

unacknowledged obligations to the forgotten Bellendenu^

which, however, with the ardour of a discoverer, he seems

to have considerably overrated. The work was undertaken

at the instance of Lord Hervey, in correspondence with

whom also originated his disquisition on The Roman
Senate, published in 1747. The same year and the follow-

ing produced the fiaost important of all his writings, the

Introductory Discourse and the Free Inquiry concerning

the miraculous powers then commonly deemed to have

subsisted in the church after the apostolic age. In com-

bating this belief Middleton indirectly established two pro-

positions of capital importance. He showed that ecclesi-

astical miracles must be accepted or rejected in the mass

;

and he distinguished between the authority due to the

early fathers' testimony to the beliefs and practices of their

times and their very slender credibility as witnesses to

matters of fact. Some individual grudge seems to have

prompted him to expose, in 1750, Bishop Sherlock's

eccentric notions of antediluvian prophecy, which had then

been before the world for a quarter of a century. The
same year he died of a decline at his seat at Hildesham in

Cambridgeshire, leaving a widow, but no children.

Middleton's most ambitious work is obsolete from no fault of

his, but his controversial writings retain a permanent place in the

history of opinion. In hia more restricted sphere he may not in-

appropriately be compared to Lessing. like Lessing's, the character

of his intellect was captious and iconoclastic, but redeemed from

mere negation by a passion for abstract truth, too apt to slumber
until called into activity by some merely personal stimulus. His
diction is generally ma.sculine and harmonious. Pope thought him
and Hooke the only prose writers of the day who deserved to bo

cited as authorities on the language. Parr, while exposing his

plagiarisms, heaps encomiums on his style. But his best qualities,

his impatience of superstition and disdain of mere external

authority, are rather moral than literary. As a scholar he is rather

elegant than profound ; as a controversialist he has more vigour than
urbanity, and more wit than humour. He has been unjustly

attacked both as author and as man by De Quincey, who strangely

accuses his stylo of colloquialism, and taxes him with eating the

church's bread while denying her doctiines. In fact Middleton's

private means were ample, his ecclesiastical emoluments trifling,

and his candour obstructed his path to mach more considerable pre-

ferment. The best general view of his intellectual character and
influence is to be found in Leslie Stephen's English Thonght in th»

Eighteenth Century, chap, vi A handsome edition of hia works,
containing several posthumous tracts, but not including the Life

of Cicero, appeared in 1752.

MIDDLETON, Thomas (c. 1570-1627), held a leading

place among the dramatists of the reign of James L His
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' popularity would seem to have first come to a height about
1607. This is a fair inference from the fact that in this
and the 'following year a whole swarm of comedies from
his pen were licensed and published—^ 2'rick to Catch the
Old One, The Fandly of Love, The Phcenur, Michaelmas
Term, Your Five Gallants, A Mad World My Masters.
Only the first of these kept the stage after the author's
own generation, though in point of wit and constructive
skill it is not superior to The Phoenix (a serious comedy) or
Your Five Gallants (a bustling and gaily humorous farcical

comedy) The plot of the Trick bears a family likeness

to that of Massinger's New Way to Pay Old Debts; the
titles in fact might be interchanged. A ruined scapegrace
outwits his creditors and a usurious unclt by coming to

town with a courtesan and passing her off as a widow with
a fortune, whom he treats with deferential friendship, but
hardly dares to love, ruined and hopeless as he is. His
uncle lends him money tjiat he may woo in proper state

;

his creditors also intrigue to have the honour of supplying
him with all the needs of fashion ; and the lady rsceives

many costly presents from aspirants to her hand and
fortune. Though Middleton was apparently not in high
popularity till 1607, he had made his debut as a satirist

ten years before ; and if Malone is right in his conjecture

that the Mayor of Queensborough is identical with the
Randall Earle of Chester mentioned by Henslowe in 1602,
he had done dramatic work of a much higher kind. Like
The Changeling, a later production, in which Middleton
had the assistance of Rowley, the tragedy of the Mayor is

named after a character ia the insignificant comic underplot.

Such a title scares away readers weary of half-intelligible

Elizabethan fun and satire ; but Simon the comic mayor
is a very subordinate figure in the play, and the tragic

portions alike in situation, characterization, and language

rank among the very noblest productions of the Shake-
spearian age. There are scenes in the Changeling also

which Mr Swinburne, with a judgment that will not be

disputed, assigns to Middleton, unsurpassed for intensity '

of passion and appalling surprises in the whole range of

Elizabethan literature. The execution of these scenes is

far beyond any power that Rowley showed in single-handed

work, but well within the scope of the author of the

Mayor of Queensborough and Wmnen Beware Women.
This last play, in which every one of the characters

important enough to be honoured with a name perishes at

the end in a slaughter so rapid as to be somewhat confus-

ing, was apparently one of Middleton's later works, and

the simple and measured development of the plot in the

first acts seems to show traces of the influence of Massinger.

Middleton's verse, when charged with the expression of

impassioned love, contains many echoes of the verse of

Romeo and Juliet, as if his ear had been fascinated by it

in his youth. His language generally proclaims him an

admiring disciple of Shakespeare's; and in daring and

happy concentration of imagery, and a certain imperial

confidence in the use of words, he of all the dramatists of

that time is the disciple that comes nearest the master.

The Witch, by which Middleton's name has of late been

linked with Shakespeare's in groundless speculation as

l.eing part author of Macbeth, is by no means one of

Middleton's best plays. The plot is both intricate and

feeble, as if Ihe play had been written with a view to the

half-comic spectacular exhibition of the witches, with their

ribald revelry, their cauldrons, hideous spells, and weird

incantations. Charles Lamb's comparison of Middleton's

witches with Shakespeare's is one of the most exquisite

morsels of criticism ; but, when he says that Middleton's

witches are "in a lesser degree fine creations," ho ought

perhaps to have, added that they are merely embodiments

af the vulgar superstition, put on th? stage to excite

laughter rather than fear among a half-believing audience,

an audience ready to laugh at them in the hght and in a
crowded meeting, whatever each might do in the dark

alone. That Middleton had any share in Macbeth is a
conjecture resting solely on the fact that the opening

words of the song of the witches about the cauldron ia

Shakespeare's Macbeth occur also in the incantations about

a cauldron in the last act of Middleton's Witch, and
that Middleton's song was inserted by Davenant in aa
"amended " reproduction of Macbeth. If either borrowed
the words of this song from the other, that is no evidence

of further co-operation ; besides all that is common to the

two was probably as much public property as a nursery

rhyme. There is no evidence as to whether The Witch

appeared before or after Macbeth. Middleton co-operated

with Dekker in the Roaring Girl ; with Rowley in A Fair
Quarrel, The iipanish Gipsy, and The Changeling; and
with Jonson and Fletcher in The' Wid^w (one of the few

of Middleton's plays reproduced after the Restoration).

Towards the close of his life Middleton got into difficultiea

with the privy council from writing a very clever political

play apropos of Prince Charles's unsuccessful wooing of the

Spanish infanta in 1623. The chief personages in Spanish

politics and their manoeuvres were represented with most
ingenious skill in the pieces and movements of A Game at

Chess. This play was stopped by royal authority, and the

prosecution of the author was allowed quietly to drop.

The few unimportant facts known in Middleton's private

history are collected in Mr Dyce's admirable edition of his

plays. He enjoyed the oflSce of city chronologer, and was
often employed to write pageants and masques, in one case

at least contracting for the whole exhibition, besides fur-

nishing the words. He died in 1627, and was buried at

Newington Butts.

MIDDLETOWN, a city and port of entry of. the

United States, and one of the shire towns of Middlesex

county, Connecticut, lies on the right bank of the Con-

necticut riv«r, about 30 miles from its mouth, directly oppo-

site the well-known Portland quames, and 24 miles from

New Haven by rail. Built on ground rising gently from

the river, with its principal streets keeping the direction of

the valley, and the cross streets climbing the slope, Middle-

town is a place of considerable attractiveness, and the views

from the higher points are particularly fine. Water Street,

with the wharves and shipping. Main Street, with the

commercial houses and hotels, and High Street, with its

mansiens and gardens and trees, are the leading lines of

the city. On the high grounds behind stand the handsome

buildings of the Wesleyan (Methodist Episcopal) University.

The institution, mainly organized by Wilbur Fisk, D.D.,

was chartered in 1831. To the two buildings with which

it started have been added Rich Hall, with the library of

about 30,000 volumes, Judd Hall, with scientific collections

of great value, the Memorial Chapel, erected in the

centenary year of American Methodism, and the Observar-

tory Hall. Since 1872 the courses of the university have

been open to both sexes. In 1882 the number of pro-

fessors was 20, and of students 191, including 14 female&

The Berkeley Theological School (Main Street), founded

by the Episcopal Church in 1854, had in 1882 7 pro-

fessors and 41 students, with a library of 17,000 volumes.

A hill 1 J miles to the south-east of the city is occupied by

the State General Hospital for the Insane, the principal

building having a frontage of 768 feet, and the grounds

extending to 230 acres; and on another hill to the south-

west of the city stands the State industrial school for girls.

A3 vessels drawing 10 feet of water can reach its wharves,

Middletown carries on a considerable trade by the river. In

1882 1613 vessels, with a burden of 240,000 tons, entered

the port, and 1613 vessels, with * burden of 350,000 ton^
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cleared ; and the Middletown district owned 83 sailing

vessels and 22 steamers. Both the silver and the lead

mines which were formerly worked in the vicinity have

been abandoned, but cast-iron, britannia, and sOver-plated

goods, sewing-machines, pumps, webbing, and tape are

among the local mantifactures. The population of the city

increased from 5182 in 1860 to 6850 in 1880. First

settled in 1636, Middletown was incorporated as a town in

1654, and as a city in 1784.

MIDDLETOWN, a manufacturing village of the United

States, in Wallkill township. Orange county. New York,

55 miles N.N.W. of New York, at the junction of four

railroads. It is a clean well-built place, in the midst of a

fine dairy-farming- and stock-raising district, manufactures

saws, files, felt hats, blankets, agricultural implements,

printers' materials, <Src., and is the seat of the State

Homoeopathic Insane Asylum. The population was 6049

in 1870 and 8494 in 1880.

MIDHURST, an ancient parliamentary borough and

market-town of Sussex, is picturesquely situated on a

gentle eminence above the south bank of the West Eother,

on three railway lines, 50 miles south-west of London and

12 north from Chichester. The church of St Denis (re-

stored in 1881-83) is chiefly Perpendicular in style, but

the lower part of the embattled tower is probably Norman.
At the grammar school, founded in 1672, Richard Cobdeh
and Sir Charles Lyell were educated. A new public hall

was opened in 1882. The old castle of the De Bohuns
stood on a mound above the river, now overgrown with

trees. In ancient times a commandery of the Knights of

St John of Jerxisalem had jurisdiction over the district

now forming the liberty of St John. The prosperity of

the town depends chiefly on agriculture. A market is held

weekly, and a fair three times a year. The population of

the parliamentary borough, which has an area of 26,172

acres, was 6753" in 1871, and 7221 in 1881.

Midhurst is not mentioned in Domesday, being incladed under
Easeboume. In the reign of Henry I. it was held by the king
as a minor barony. In the time of Edward I. it passed into

the possession of the De Bohuns, From the time of Edward II.

till 1832 it returned two members to parliament, but since then
only one.

MIDIAN was one of the peoples of North Arabia whom
the Hebrews recognized as distant kinsmen, representing

them as sons of Abraham's wife Keturah. The word
Keturah means " incense "; thus the sons of Keturah are

the " incense-men," not indeed inhabitants of the far south

incense-land, but presumably the tribes whose caravans

brought the incense to Palestine and the Mediterranean

ports. So the Midianites appear in connexion with the

gold and incense trade from Yemen (Isa. li. 6), and with

the trade between Egypt and Syria (Gen. xxxvii. 28, 36).

At the time of the exodus the pastures of the Midianites,

or of the branch of Midian to which Moses's father-in-law

Jethro or Raguel, or Hobab) belonged, lay near Mount
Horeb (Exod. iii. 1) ; and Num. x. 29 sq. implies that the

tribe was at home in the desert of the wanderings. The
Kenites, who, in spite of their connexion with Amalek (1

Sam. XV. 6), had friendly relations with Israel, and ulti-

mately coalesced with the tribe of Judah, are represented

in Judg. i. 16, iv. 11 as the kin of Moses's father-in-law.

The Kenites, however, can have been but one fraction of

Midian which took a separate course from their early

relations to Israel^ The main body appear in Judg. vi. as

a powerful Bedouin confederation, invading Canaan from

the eastern desert, and ravaging the land as similar tribes

have done in gil ages when PcJestine lacked a strong

'^ The admixture of Midianit& elements in Judah and the other

border tribes of Israel is confirmed by a comparison of the names of

the Midiamte clans in Oen. xzr. i with the Hebrew genealogies

U Chron. a 46, iv. 17, v. 24; Oen. ilrt. 9).

government. With their defeat by Gideon and another

defeat by the Edomites in the field of Moab, probably

about the same time (Gen. xixvi. 35)j the recorded history

of Midian closes.

A place Midian is mentioned 1 Kings xi. 18, and in later tiines

the name lingered in the district east of the Gulf of 'Akaba, where

Eusebius knows a city Madian in the country of the Saracens and

Ptolemy places Uodiana. Still later Madyan was a station on the

pilgrim route from Egypt to Mecca, the second beyond Aila (Elath).

Here in the Middle Ages was shown the well from which Moses

watered the Hocks of Sho'aib (Jethro), and the place is still known

as " the caves of Sho'aib." It has considerable ruins, which have

been described by RiippeU {Seism, 1829) and Burton (Land of

Midian, 1879)..

MLDNAPUR, a district in the lieutenantrgovernorship

of Bengal, India, between 21° 37' and 22-57' N. lat., and

between 86° 35' 45" and 88° 14' E. long., is bounded on

the N. by B4nkur4 and Bardwdn, on the E. by Eooghly

and Howrah, on the S. by the Bay of Bengal, and on the

W. by Singbhiim and MAnbhiim, with an area of 5082

square miles. Its general appearance is that of a large

open plain, of which the greater part is under cultivation.

In the northern portion the soil is poor, and there is little

wood. The country along the western boundary, known

as the Jungle Mahils, is undulating and picturesque ; it

is almost uninhabited. The eastern and south-eastern

portions are swampy and richly cultivated. The chief

rivers of the district are the Hooghly and its three tribu-

taries, the Rtipn4r4yan, the Haldi, and the Rasulpur.

The Midnapur high-level canal runs almost due east and

west from' the town of Midnapur to Ulubarid on the

Hooghly 16 miles below Calcutta, and affords a continuous

navigable channel 53 miles in length. There is also

a tidal canal for navigation, 26 miles in length, extend-

ing from the Riipndrdyan river. The jungles. in the

west of the district yield lac, tasar sUk, wax, resin, fire-

wood, charcoal, &c., and give shelter to large and small

game.

The census of 1872 returned the population of Midnapur at

2,640,963 (1,257,194 males and 1,283,769 females), includiog only

122 Europeans and 157,030 Mohammedans. The aboriginal tribes

belong chiefly to the jungles and hills of Chutia Nagpur and Ban-
kuri ; the mostnumerous of them are Santdls (96',921) and Bhuraijs

(35,344). Of high-caste Hindus the returns show 136,500; and the

number of Eiyasths is given as 101,663. Among the semi-Hindu-

i2ed aborigines, the most numerous are the Bdgdis, a tribe of culti-

vators, fishermen, and day-labourers (76,825)., Belonging to agri-

cultural castes there are 1,018,686. The four municipalities are

Midnapur (31,491), Chandrakona (21,311), Ghatal (15,492), and
Tamlilk (5849). Rice is the staple crop. Irrigation is effected

chiefly from the high-level canal. Rent rates vary from lOJd. an
acre for the poorest quality of rice land to 18s. an acre for the best

irrigable lands. The district suffers occasionally from drought

;

floods are common, and very disastrous in their results. The prin-

cipal exports are rice, silk, and sugar ; and the chief imports con-

sist of cotton cloth and twist. ' Salt, indigo, silk, mats, and brass

and copper utensils are manufactured. Apart from the rivers, com-
munication is afforded by 482 miles of road. ' The total revenue in

1870-71 was £262,578, and the expenditure £53,777. The pre-

vailing diseases are fever, diarrhoea, dysentery, and cholera. The
average mean temperature is 80° Fahr., and the average annual
rainfall 66 inches.

The early history of Midnapur centres round the ancient town of

Tamliik, which in the beginning of the 5th century was an import-
ant Buddhist settlement and .maritime harbour. The first con-
nexion of the English with the district dates from 1760, when Mir
Kasim ceded to the East India Company Midnapur, Chittagong,
and Bardwan (then estimated to furnish one-third of the entire

revenue of Bengal) as the price of his elevation to the throne of
Bengal on the deposition of Mir Jafar.

MrDNAPUB, chief town and headquarters station of the

above district, is situated on the north bank of the KasAi
river, with a population in 1872 of 31,491. The town has
a large bdzdr, with commodious public offices. It is healthy,

dry, and well supplied with "water. An American mission

maintains an excellent training school, together with a

printing press, and has founded several village schools in
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the district. Its efforts have been particularly successful

among the Sant41s, and some of the earliest and most

valuable works on their language have issued from the

Midnapur rnission press. A brisk manufacture of brass

and copper utensils takes place in the town ; it is also the

centre of a large indigo and silk industry.

MIDRASH. Like all nouns of a similar form Midrash

is the equivalent of the Niph'al participle,^ and as such

yields as many modified meanings as the root Darosh

(B'I'J), to search, &c., itself has. The practical significa-

tions, towever, of Midrash, taken in historical order, are

as follows:—(1) a book of records; (2) a recension of

older, especially historical, materials
; (3) search in and

erplanation of the Scriptures, notably the Pentateuch' (in

which case the plural is invariably Midrasholh)
; (4) theory

as distinguished from practice
; (5) a college for study

and teaching
; (6) an Agadic (that is, a free) explanation,

in contradistinction to an Halakhic one
; (7) a collection

of such free explanations (in which case the plural is

Midrashim and occasionally also ifidrashoth). ' Of these

seven significations (1) and (2) are to be found in the Bible,^

(3) and (4) are mentioned for the first time in the Mish-

nah,' (5) is to be met with in the Midrash* while (6) and

/7) are to be found in early Rabbinic writings.'

The subject of this article will be—(1) the nature of

Midrash in the sense of Agadah, to the exclusion of

Halakhah (for which see Mishnah), and (2) the develop-

ment of this Midrash Agadah into books {Midrashim).

The thinking reader of the Scriptures cannot have failed

<;o observe that by the side of their ceremonial element, be

it negative or alErmative, permissive or jussive, there is

also often to be met with (and sometimes so as to be insepar-

able from it) a spiritual element. This spiritual element

rests chiefly on feeling or emotion, and produces pious

works only indirectly. Now the explanation or application

of this element, either by the Scriptures themselves or by
the rabbis, is traditionally called Midrash Haggadah
(recitation, preaching) or Midrash Agadah^ (binding the

soul to God and all that is godly).

This Haggadah or Agadah varies considerably both in

nature and form. In its nature it sometimes humours, at

other times threatens ; it alternately promises and admon-
ishes, persuades and rebukes, encourages and deters. In
the end it always consoles, and throughout it instructs and
elevates. In form it is legendary, historical, exegetic,

didactic, theosophic, epigrammatic ; but throughout it is

ethical.

And varied as was and is the Midrash Agadah, so varied

have«been its fortunes. Whilst at times it stood very

high in the estimation both of the teachers and the con-

gregations in Israel,'' it sank at other times very low
indeed.* . Nay, at one and the same time, whilst some

' Comp. Nehetn. viii. 8, where {<lpD3 evidently stands for N"lp33.
See also Kiaihi on 2 Chron. xiii. 22, and Schiller-Szinessy, Exposition,
&c., Cambridge, 1882, p. 11. » 2 Chron. xiii. 22 and xxiv. 27.

^ See Nidarim, iy. 3, and Aboth, i. 17.
* Bereshilh Kabbah, c. Ixiii. (on Opd uv. 22): n37n K? VOTW

• "13Vn DB') h^ I.CnO^ N^K- Midrash is used in the East to this

day for Beth Hammidrash. See MS. Oo. 6, 63 (of the University

Library, Cambridge), leaf 135a, lower margin (itJ'TTD^ Clp DHI

' Rasbi (e.g., on Gen. iii. 8) and Tosaphoth, passim.
' Those who identify this word as merely the Chaldaic form of the

Hebrew Haggadah (and they have, certainly, some authority on their

side) ought to write it Aggadah (iTlIN), which, however, is not the

traditional spelling of it (iTJJN). Singularly enough, the Latin retigio

is similarly derived by some from religare and by others from religere.

' Siphere on Dent. § 49 :
" If thou wishest to know Him who but

spake and the world came into being, learn Haggadah; for by so doing
thoo wilt recognize the Holy One (blessed he He !) and cling to Hia
ways f " .

*T. Y^, ifaseroth, iii. 4: " And R. Ze'erah was teasing those rabbis

9f the Agadah."

rabbis exalted it to the skies,' othet rabbis treated it

with hatred,'" or, worse still, with contempt.^' There have
actually been teachers whose treatment of it differed with
the difference of the occasion.'- The fact is the Jews
liked or disliked the Midrash Agadah according to their

political condition on the one hand and their proximity

to Jewish professors of Christianity on the other. In the

hour of prosperity the Jews preferred the Halakhah

;

''

in that of adversity they ran to hear the consoling words
of the Agadah.'^* When near Judaeo-C^ristians, whose
religious strength and argument chiefly rested on Agadah,'^'-'

the Jews disUked it ; when among themselves, or when
dwelling among Gentiles (heathen or Christian), they
showed their wonted partiality for it.

But, whatever were the likings or dislikings of the Jews
for the Midrasholh, it is certain that these traditions were
early 1^ committed to writing, and formed into special

volumes, known as " Books of Agadah." '^ Such were first

some of the Targumim and then the Midrashim. Against
writing down the traditional explanations of the Mosaic
ceremonial there existed a distinct law,''which was observed

down to near the end of the 6th century. At an earlier

period isolated disciples only, in order to refresh their

memory, wrote down short Halakhic notes, which, how-
ever, they kept in secret.'' The Targumim and Midrashim,
on the other hand, were composed very early and were
numerous, while their extensive contents were circulated

in public.

The Midrash, from whatever point of view it may be
regarded, is of the highest value. It is of the highest

value, of course, to the Jew as Jew first, inasmuch as he
finds there recorded the noblest ideas, sayings, and teach-

ings of his venerable sages of early times. In the next
place it has value to the Christian as Christian, since only

by these ideas, teachings, reasonings, and descriptions can
the beautiful sayings of the Founder of Christianity, the

reasonings of the apostles, and the imagery of the sublime

but enigmatic Apocalypse be rightly understood. But its

importance appeals also to the general scholar, because of

the inexiaustible mines of information of aU .kinds it con-

tains. The philologist will find here numerous hints on lexi-

cography and grammar, chiefly, of course, of the Semitic

languages, but also of other tongues, notably Greek and
Latin. The historian will gather here a rich harvest on

geography, chorography, topography, chronology, numis-

matics, &c. The philosopher will find here abundant and

' Ibid.: "Then said to him R. Bo bar [son of] Kohano, Why dost

thou t«a53 them ? Ask, and they will surely answer thee !"

"^ T. T., Shabbath, xvl. 1 :
" He who holds it forth becomes bumed

by it ; he who listens to it gets no reward."
" Ibid. :

" I never in my life looked into Agadic books."
" Ibid. : "Let the hand of him who wrote it be cut off"; and com-

pare with this T. B., Boho Bathro, 1236: "goodly pearl."
" Beginning of Pesikotho Bahodesh Hasshelishi : "First when the

money was at hand one desired to hear the word of the Mishnah and
the word of the Talmud. . .

."

'* Ibid.: "Now, however, when the money is not to be got, and,

moreover, when wo are sick in consequence of the (treatment by the)

government, one pines for the word of the Bible and for the word of

the Agadah."
.
" T. Y., Shabbath, xvi. 1, and T. B., Shaiiam, 116a :

" The Evan-
gelia and other Christian writings."
" See Tosepklo Shabbath, xiv. :

" I remember that one bronght before

Rabban Gamliel the elder [St Paul's teacher] the book of Job (in the)

Chaldaic paraphrase"; and T. Y., Kilayim, ii. 4: "At that time I

ran (my) eyes through the whole Book of the Psalms (in the form) of

the Haggadah [Agadah of the Psalms]." R. ?iyya Rubboh belonged
to the middle of the 2d Christian century.

1' KmjKT nsD- See T. B., Berakhoih, 23a, Temurah, lib, and
the Talmudim, passim.
" T. B. , Oittin, 606 :

" In the college of R. Yish m'ael it was taught,
' These [see Exod. x-^cxiv. 27] thou oughtest to write down, but thou
must not write down Halakhoth.'

"

" T.B., Shabbath, 66: "I found a 'secret roU,'" that is, a xoU of

Halakhoth kept secret. Comp. Rashi, tn loco.
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valuable notices on logic, psychology, metaphysics, theo-

logy, theosophy, jesthetics, rhetoric, poetry, mathematics,

geometry, astronomy, zoology, botany, biology, morphology,

chemistry, medicine, physics, 4c. The statesman—parti-

tnlarly if he be inclined to follow the Psalmist's advice—

"from the ancients I gather understanding " (csix. 100)—

will find here valuable information on ancient ethnography

in the full sense of the term—poUtics, poUtical economy.

Jaw, mUitary science, naval affairs, &c. The true scholar

will find out by the study of the Affodah that many a dis-

covery thought to belong to a recent age was weU known

to these ancient doctors.

The sources of the Agadah are five :—(1) the Targumim

and especially those on the Prophets and Hagiographa;

<2) the non-canonical Mishnah {Mathniiho Boraitho ; see

Mishkah), which contains many valuable pieces, the age

of which is often anterior, in essence if not in form, not

only to those contained in the canonical Mishnah, but

else to the sayings of the New Testament ; (3) the canonical

(officially recognized) Mishnah, which contains several

entire treatises of an Agadic nature, as Aholh} Middoth,

&c.,' and numerous pieces scattered here and there among

the Halakhah; (4) both Talmudim^ (the Palestinian and

Babylonian), which have thousands of Agadic notices

interspersed in their Halakholh ; and (5) the Midmshim,

Ka.T e^ox'Jv. It is of the last alone, as represented by their

principal collections, that we give an historical enumeration.

here :

—

<1) Megillath Ta'anith is an historical Midmsh consisting of

twelve Pcrakim, and is called so on the principle of lucus a non

luando, seeing that in it are enumerated the days of the year on

which a Jew must not fast. The Aramaic part of it alone consti-

tutes the real Megillnh, and helongs to the beginning of the 2d

Christian cent'iry.* The edilio princcps came out at Mantua, 1513,

4to ; but cheap editions have been printed at Warsaw and elsewhere.

(2) Scpher Yezirah is a philosophico-cabbalistic Midrash divided

into six Perakim, which, in their turn, are subdivided into

Mishtiiyyoth. 'It is variously ascribed to the patriarch Abraham

and to R. "Akibah, the illustrious teacher, who suffered martyrdom

under Hadrian. To this rabbi the book, no doubt, belongs both in

substance and form.' It has gone through numerous editions, the

ed. pritu. being of 1562 (Mantua, 4to), and has been translated into

latin, German, and English (New York, 1877).

(3) Olhiyyolh de-Rabbi 'Akibah is a jifim-cabbalistic Midrash on

the alphabet, belonging, in essence if not in form, to the aforesaid

teacher and martyr. Ed. princ, Constantinople, 1520, 4to.

(4) Uassekhelh Hekhaloth is an astronomico-cabbalistie Midrash

In seven Perakim. It is ascribed to R. Yishma'el the high priest.

• A valuable edition of this treatise (in Hebrew and English) has

been piibhshed by Dr C. Taylor, Cambridge, 1878.
- To these we may add, for the sake of convenience, although they

do not, strictly speaking, belong to the canonical Mishnah, the Perek

RaU>i Meir and the Agadic. parts of the Massekhtoth Kelannoth.

' Two collections of Talmudic ^jradott were made early in the 16th

century:—(1) Baggadolh Haitalmud, Constantinople, 1511, folio, of

which apparently only five copies are in existence, the finest of these

being preserved in the University Library of Cambridge ; and (2) 'En

Ya'akob {or 'En Yisrael), of which numerous and cheap editions exist,

the ed. princ. being that of Salonika, 1515-22.
* Almost all that the latest critics have said concerning the age of

the various Targumim and Midrashim will have to be unsaid. Not

only are negative statements difficult of proof ; in this case they are

absolutely incorrect. We shall only give two examples. The state-

ment " Vayyikra Rabbah cannot be early, as Rashi did not know of it,

since he nowhere mentions it," is doubly incorrect : Rashi does quote

it {e.g., on Haggai i. 1). \g.iin the statement "We must not omit to

obsprwe that no early Jewish commentator—Rashi, Ibn Ezra, &c.

—

mentions the Targum either to Proverbs or to Job and Psalms; Nathan

ben Jechiel (I2th century) is the first who quotes it," contains a re-

duclio ad absurdum in itself. For Nathan b. Yeliiel was, as is well

known, a somewhat older contemporary of Rashi (o6. 1105), and lived

full a hundred years before Ibn 'Ezra

!

'SeeT. ^., Synhedrin.&ibmni&lb. In the former place it distinctly

speaks of the Sepher Yezirah (m'V IQD), and, although in the

latter place it speaks of the Hilekholh Yezirah (HTS' ni37n), there

cannot be a doubt that SepJier (IDD) and HUekhoth (nnpH) are

there identical. Moreover, Mishniyyoth and Halakholh are, in a cer-

tain sense, convertible terms (see MiSHNiB) ; and our book (as

remarked above) consiiits of Mishniyyoth.

Judging from internal evidence on the one hand, and from what ia

known of R. Yishma'el in the Talmvdim and Midrashim (Babli

Berakhoth, 7a and elsewhere) on the other hand, there seems to be

no vaUd reason for doubting that he is the author of this small but

sublime book. This Midrash is printed in the collection Arezt

Lebanon (Venice, 1601, 4to) under the title of " Pireke Hekhaloth"

and " Massekheth Hekhaloth," and a MS. of it is preserved in the

University Library of Cambridge (Dd. 10. 11. 7. 2). The work,

however, called "The Greater and the Lesser Hekhaloth," in thirty

Perakim, printed in this century, somewhere in Poland, contains,

besides the ancient literature, a good deal of matter which is ot

mnch later date.

(5) Seder 'Olam (the Greater and the Lesser) are two historical

Midrashim, the former of which belongs to the 2d century, whilst

the latter (which is a mere extract of the former) belongs to a late

age indeed (the GaOnaic). They have been repeatedly printed,

always together, the ed. princ. being Mantua, 1513, 4to.

(6) Haggadah shcl Pesah is a liturgical Midrash of the middle of

the 2d century, as far as its main portions go. It exists now in

three principal and several minor recensions in accordance with the

various rituals (see Mahzor), and is recited at the domestic service

of the first two Passover evenings. The editions are too numerous

to be mentioned, the ed. princ. being Constantinople, 1505, folio.

(7) Megillath ArUiokhos treats ostensibly, as its name indicates,

of the sufferings of the Jews under Antiochus Epiphanes, and their

deliverance from his tyranny, but in reality of their sufferings under

Hadrian and their deliverance under Antoninus Pius. The Aramaic

text, with the exception of a few interpolations, belongs to the middle

of the 2d century. This little "roll" was for the first time published

by Filipowsky (London, 1851, 32mo). A MS. copy ot the Hebrew
is preserved in the University Library of Cambridge (Dd. 8. 34).

(8) Zohar (Midrash Hazzohar, Midrashc shel Rabbi Shim'con b.

Yohai, Midrash Yehi Or, kc. ) is a cabbalistic Midrash on the Pen-

tateuch, Canticles, Ruth, and part of Lamentations. It is variously

ascribed to the famous R. Shim'eon (disciple of R. 'Akibah, &c ) and
to R. Mosheh b. Shemtob of Leon (a second-rate cabbalist of the

time of Nahmanides and Ibn Addereth). The Zohar belongs,

strictly speaking, to neither of these, whilst, in a certain sense,

it belongs to both. The fact is—the nucleus of the book is of

Mishnic times, and R, Shim'eon b. Yohai was the author of the

Zohar in the same sense that R. Yohanan was the author of the

Palestinian Talmud, i.e., he gave the first impulse to the composi-

tion of the book. But R. Mosheh of Leon,' on the other hand, was
the first not only to copy and disseminate the Zohar in Europe,

but also to disfigure it by sundry explanatory interpolations. For
more details see Lumby, "Introduction to the Epistle of Jude," ia

the Speaker's Commentary, vol. iv. p. 388. The first two editions

of the Zohar'' on the Pentateuch came ouf simultaneously (Mantua,
1558-60, 4to, and Cremona, 1558, folio), and the td. princ. on
Canticles, Ruth, and part of Lamentations came out at Salonika

(1597, 4to). The best, though by no means critical, edition on the
Pentateuch is that of Brody, 1873, Svo. Of translations, such as

they arc, there exist those of Kuorr v. Rosenroth, Kabbala dentukUa
(vol. i., Sulzbach, 1677, and vol. ii., Frankfort, 1684, 4to), and
Tholuck, Wichtige Stellcn, &c. (Berlin, 1824, Svo), &c.'

(9) Pcsikotho^ (commonly, but by mistake, called Pesikla)

dcrab Kohano is a homiletio Midrash consisting of thirty-two
Pesiktoth for the principal festivals and fasts, and the historically

noted sabbaths and other days. It is of the ^nd of the 3d or the
begiuning of the 4th century. Having been but rarely quoted
since the 12th century, so that most scholars knew of it only

' R. Mosheh of Leon is a fair sample of the mediocrity of his time
in cabbalistic lore, and combined, as is usual, with his mediocrity an
illimitable vanity; see MS. Dd. 11. 22 (Cambridge University Library),
leaf 2a: " And I adjure every one who should deeply study this book,
or who should copy it, or read it, that he do not blot out my name
from my property (inheritance), for I have composed it . .

." Thi«
statement alone would sufiice to ppove that R. Mosheh of Leon could
never have ascribed a book composed by himself to anybody else.

' The Zohar, cleared of the main works by which it is surrounded,
and of the interpolations by which it has been disfigured both by its

first European copyist and by others down even to our own days, was
begun in Falestine late in the 2d or eaily in the 3d century, and
finished, at the latest, in the 6th or 7th century. It is impossible
that it should have been composed after that time and before the
Ren.nissance, as both language and contents clearly show.

' Whilst the principal editions of the many textual extracts made
from the Zolmr (as the Idderoth, &c.) need not be specified here, those
of the following supplementary and kindred works ought to be men-
tioned:—(1) Tikkune Hazzohar {ed. princ. Mantua, 1557, 4to), and
(2) Zohar Hadash {ed. Brine. Cracow, 1603). Nor should the Kontra
mtssepher J{azzohar, Hibburo Tinyono (by the otherwise very learned
Yitshak b, Mosheh of Satanow) be passed over. It is a mere imitation
of the Zohar,~&a imposition of a kind which is a disgrace to literature.
'For the three Midrashim—Mekhilio, Siphro, and Siphere—ee»

under MlSHKAB.
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indirectly, it was long considered lost, till, in 1868, Salomon Bubcr
of Lemberg, a man of learning, wealth, and love for the ancient
Kterature of his nation, edited it from four MSS., one of which
(formerly in possession of Carmoly) is now preserved in the Uni-
versity Library c£ Cambridge (Add. 1497). The printed editio-x

appeared at Lyck, 8vo.

(10) I'esikto Rabbathi, consisting in the latest edition ot eighty-

four Piskoth, is a Midrash of the same nature, and, in its main part,

almost of the same date, as (9). Both drew from the same sources.

This Midrash has been edited five times,—the latest, best,' and
cheapest edition being that of Friedmann (Vienna, 1880, 8vo).

(11) Tanna dcbe Eliyyahu consists of two parts, the Greater

(Rabbo) and the Lesser (Zutto),—the former in thirty-one and the

latter in twenty-five Perakim. It is an exegetical Midrash, the

name of which is already known to the Bereshith Rabbah (c. liv.

)

and the Babylonian Talmud {Kethubolh, 106o). It is only un-

critical criticism that can declare it a Gaonaic work, although, like

all other old books of the Jews, it is not without later additions.

Ed. prina., Veuice. 1598, 4to. There are modem and cheap Polish

editions.

(12) Midrash Rabbah, {T\y\) or Rabboth (ni3"1) is chiefly an

exegetical and homiletical Midrash on the Pentateuch and the

"Five Rolls" {ffa^nesh Mcgilloth, i.e.. Canticles, Ruth, Lamenta-
tions, Ecclesiastes, and Esther). It is called Rabbah either from
th» third (the first distinctive) word of its beginning (''VCIH '3T
• • • ri 3 1) or from its being the most voluminous ' Midrash ; hence
also Rabbo (N31). The Midrash on Canticles (and Ecclesiastes)

is now and then also caXXeA Midrash Hazilha (from the first distinc-

tive word of the beginning JTTn). These ten Midrashim -re,

certainly, of various styles and ages
;
yet none of them is, inter-

polation excepted, later than the beginning of the 5th century.'' It

;s remarkable that, although the Mcgilloth themselves had been early

attached to the Pentateuch (since they were long before the 10th
century, and still are, read through the synagogal year, even as was
and still is the Pentateuch itself), the Rabboth had no common
tditio princeps^—that on the Peutateuch appearing for the first time

' The Rabbah on Genesis haa 100 Parshiyyoth, that on Exodus 52,

that on Leviticus 37, that on Numbers 23, and that on Deuteronomy
11. These five .MirfrtifiAi'w are quoted according to their chapters. The
RalAah on Canticles accommodates itself to the sacred text, and is

quoted accordingly. Ruth has 8 Parshiyyoth, and is quoted according

to these. Lamentations has 1 chapter consisting of 33 introductions

[Pethihotho Vehakhime), accommodating itself, for the rest, to the

sacred text. Ecclesiastes has 3 Sedarim, and Esther has 6 Parshiyyoth.

At various times various modes of quoting these Midrashim are

current,—the most common and most expedient, however, 'being that

of quoting them according to the verses of the Bible.

^ Here might with advantage be mentioned some pieces of literature

wluch are kindred in nature, although some of them are of much
earlier date, whilst others are much later, than the ten Midrashim
just mentioned :— (1) Agadath Bereshith on Genesis, in eighty-three

cliapters,—edited for the first time by R. Menahem de Lonsano in his

Shete Yadoth, Venice, 1618, 4to; (2) Midrash Vayyisa'v, on Genesis

XXXV. 5, in one chapter,—to be found in Jellinek's Bet ha-Midrasch,

Leipsic, 1855, 8vo ; (3) amplifications of chapter Ixx. of our Midrash
RabbaJi, on Genesis xxviii. 22, by the incorporation of the whole

Apocryplion Tobit in Aramaic, &c. (see The Book of Tobit, &c.

,

Oxford, 1878, 8vo)
; (4) Midrash Vayyosha' on Exodus xiv. 30, xv.

1-18,—printed at Constantinople, 1619, 4to; a MS. of this Midrash
;s preserved in the University Library, Cambridge (Add. 854) ; (5)

Midrash 'Asereth Ifaddibberoth on Exodus xx.,—printed in Jelhnek's

Bet ha-Midrasch, Leipsic, 1853, 8vo ; (6) Midrash Petirath Aharon
on Numbers xx. 23-29

; (7) Midrash Petirath Mosheh on Deuteronomy
xxxiv.

; (8) Midrash Abbo Oitrion on Esther ; the last three are to be

found in the before-mentioned £ei ha-Midrasch
; (9) Midrash Shemuel,

also called, from its beginning, 'Eth laasothLadonai, Constantinople,

1517, folio; (10) Midrash Yonah, Prague, 1595, 4to; (11) Midrash
TiUim {TcMllim), 1512; (12) Midrash Mishe'e, i»17; the last two

are printed at Constantinople, and in folio
; (13) Sepher JIayyashar

(in which a good many old traditions are preserved, although it is,

ot course, not the one mentioned in various books of the Bible),

Venice, 1625, 4to ; (14) Dibere Hayyamim shel Mosheh, Constanti-

nople, 1516, 4to ; a fragment of this is to be found in MS. Add.
632. 4 in the University Library of Cambridge

; (15) Tosephon (or

Josippon), various works of Flavius Josephus worked up rather freely,

Mantua, 1480, folio,—translated into Latin (German and Spanisli)

several times
; (16) Zerubbaiel, Constpntinople, 1519, 8vo ; (17) Elleh

Ezkerah on the " Ten Martyrs." For several other smaller Midrashim

see Jellinek's Bet ha-Midrasch, i. and ii., 1853, iii., 1855, iv., 1857,

all at Leipsic ; v., 1873, and vi., 1877, both at Vienna ; and corap.

also Horowitz, Sammlung Kleiner Midraschim, i. , ii., Frankfort,

1881-82. The Midrashim on Isaiah and on Job seem now irretriev-

ably lost.

' As if to compensate for this drawback, the well-known Comelio

Adelkind brought out at Venice, in 1545, two editions of the Rabboth

OH the Pentateuch and Megilloth, the one at Bombergi's house and the

in 1512 (Constantinople, folio), and that on the ilegiTlcth in 1519

(somewhere in Italy, nS'7t3'K nyn03. also in folio).* The latest
and best edition is that of Vilna, 1880, folio. A translatioD in
German is now coming out at Leipsic, by Dr A. Wiinsche.

(13) Pirelf de-Rabbi Eliezcr (also called BoraUho de-RabU
Eliezer) is an astronomico-theosophical Midrash consisting of
fifty-four Perakim. It goes through the so-called "eighteen bene-
dictions," the signs of the zodiac, &c., but is unfinished. It belongs,
no doubt, to the 5th century. The fact that the name "Fatima"
occurs in it is no proof whatever that the book is post-Mohammedan,
as that name must have been already known to the idolatrous Arabs.
Ed. prin., Constantinople, 1614, and with a Latin translation,
Leyden, 1644, both editions being in 4to. There are also now
to be found cheap editions (Lemberg, Warsaw).

(14) Tanhuma is an exegetical and homiletical Midrash on the
whole Pentateuch. It is quoted according to the Parshiyyoth of
the week. Although originally of the end of the 6th or the
beginning of the 6th century, it has now two principal additions,
which form part of the book :—(1) several of tho Sheetloth of Rab
Ahai Gaon (of the 8th century), and (2) several pieces of th«
Yesod of R. Mosheh Haddarshan, of Narbonne (of the llth century).
On its relation to the "Yclamimdenu" (often quoted in the llth
century, but supposed to be lost) light will soon be thrown by the
before-mentioned Salomon Buber, who is now preparing a critical

edition of it. The ed. princ. of the Tanhuma is Constantinople,
1522, folio ; and a very valuable MS. copy of it ia in the Cam
bridge University Library (Add. 1212)

(15) Bahir ia a small cabbalistic Midrash ascribed to the pre-
Mishnic teacher, K. Nehunyah b. Hakkanah,—no doubt from
its beginning with the words. • .. njpn' j3 n»3in: '3T- 1DK.
Nahmanides {ob. c. 1268) quotes this book often in his commentary
on the Pentateuch, under the names of Sepher Eabiahir, or of

Midrasho shel Rabbi Nehunyah b. Bakkanah. Some have pro-

nounced this work a late fabrication, but others, who have
thoroughly studied it, justly describe it as "old in substance if

not inform." jEW.^rCTc, Amsterdam, 1651, 4to. A cheap edition

appeared at Lemberg (1865, 8vo), and a MS. of this work ia pre-

served in the University Library of Cambridge (Dd. 10. 11. 4).

(16) Yalkut is the only existing systematic if not exhaustive

collection of the Agudoth on the whole Bible. Its author drew not

only from most of the Midrashim named in this article, but also

from the Boraithoth (see Mishnah), both Talmudim, and the

Midrashic works now lost (as the Abkhif, Basshekhem, or

Hashkem, &c.).' This fact constitutes one of the principal points

of its value. The author was R. Shim'eon, brother (and not son)

of E. Helbo, and father of the distinguished grammarian, critic, and
divine R. Yoscph Kara. He lived somewhere in the north of France

in the llth century. The ed. princ. of the Yaljnit on Ezra,

Nehemiah, and the books of Chronicles came out at Venice, 1517,

folio (in the first Rabbinic Bible) ; that on the Prophets and
Hagiographa in 1521, and that on the Pentateuch in 1626-27, both

at Salonika, and in folio. An English translation of the whole

work has been undertaken by a band of Rabbinic scholars in

Cambridge. The first instalment, "The Yalkut on Zechariah,"

by E. G. King, B.D., Hebrew lecturer of Sidney Sussex College,

appeared in 1882. This specimen, besides giving a correct trans-

lation, contains many valuable notes.

(17) Lekah Tob is a Midrash on the Penfateucn and the five

Mcgilloth, by R. Tobiyyahu b. Eli'ezer of Greece, who lived during

the crusade of 1096. This work draws, certainly, upon the old and
well-known Midrashim, and as such it would have thoroughly

deserved the censure passed upon it by the witty but somewhat
irreverent Abraham Ibn 'Ezra (in his preface to his commentary
on the Pentateuch). But the Lekah Tob has also most valuable

explanations both by the collector himself and by his father (R.

Eli'ezer), a fact passed over by Ibn 'Ezra in silence. The Lekah

Tob on Leviticus, Numbers, and Deuteronomy came out for

the first time at Venice, in 1646, folio, under the title of Pesiklo

Zultarto (see leaf 93i in the postscript by the editor, Nnp''Dari

SmDIT, which explains the somewhat vague title on the title-

page KnSI IK KmDlt Nnp'DD). In 1753-54 it was repub-

lished at Venice, with a Latin translation, by Blasius Ugolinus

in his Thesaurus Antiquitatum Sacrarum (xv.-xvi.) imder the

name of Pesictha. The Lekah Tob on Genesis and Exodus was

other at Giustiniani's. These two editions difi'er in nothing but in

the title-pages, &c., and the vignettes of the various books. The

former edition is in possession of Dr W. Aldis Wright, and the latter

in that of Dr C. Taylor. The fact of these editions having appeared

simultaneously is. apparently, unknown to the bibUographers.

* It is noteworthy that in this edition Ahashverosh, i.e., Esther,

stands between Lamentations and Ecclesiastes, with which latter the

Miih-ash on the Mcgilloth ends.
» We may mention here the ed. princ. of three cabbalistic-MidraahK

collections which go under the name of Yalkut :—(1) Yalkut Hadash,

Lublin, 1648, 4to ; (2) Yalkut Reubeni Sakkatan, Prague, 1660,

4to ; and (3) Yalkut Reubeni Baggadol. Wilhcrmsdorf, 1681, folio.
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published, with a critical commentary, at Vilna, by Salomon Buber

(18S0. 8vo), where also simultaneously a third edition of this

Midrash on tho last three books of Moses, with a short commentary

on it, came out by Aharon Moaheh Padova. of Carlin. The Lckah

Tob on the five MegUhth is as yet unpublished ; there exist, how-

ever, several good MSS. of it, both in public and private libraries,

the finest copy in every resoect being that preserved in the Uni-

versity Library, Cambriilye (Add. 378. 1).

(18) Mcnorath Eammaor is a scientific, though incomplete,

collection of the principal Agadoth of the Talmudim and

Alidrashim, by R. Yizhak Abohab the eUer( flourished 13th century).

The editions, with and without translations, are very numerous,

—

the cd. princ being Constantinople, 1514, folio. There are trans-

lations in Spanish, Juda.o-German, and German, but not in English.

AVe append two specimens of Uidrashim,—ihQ first from

i'Mii-ofAfl.leaf 1276, ani the second from Midraah SheTnotk Hahbak^

cap. ii

FrasT SPEcniBS.—The Holy One (blessed bo He!) Kaid to the Prophct-i,* Go yo
and comfort yo Jerusalem 1

Tlwn went Hosea to comfort her and said. The Holy One (blessed be He!) icnt

me to thee to comfort thee. She said. What hast thou In thlno hand to comfort

mef Tbo Prophet said (xl7. 6 [6]), *' I will be as the dew unto Isioel!" But
Jerusiilem said to him, Cnly ycsttrday thou toldest me (ix. J6), "Ephralin Is

Boiliun. their root Is dried up, they shall bear no fruit: yea, though they bring

fonh, yet will I slay even the beloved fruit of ttu-lr wombl" and now thou
•peakest to me thus. Which shall wo believe, the first or the second proi)hecy ?

Then went Josi. to comi'ort her and said, Tho Holy One (blessed be He!) sent

me to rbco to comfort thee. She said to him. What hast tliou m thlno hand to

comfort me? Tho Prophet said (Iv. 18), "And It shall come to pass in that

day that the mountains shall drop down new wine, and the hills shnll flow with
milk. &cl " But Jerusalem said to him. Only yestcixlay thou toldest me {1. 6),
** Awake, yo drunkards, and weep; lyid howl, all ye drinkers of wine, because of

the new wine; for It Is cut off from your mouth! " and now thou spcakcst to me
thus. Which shall wo believe, the first or the second pmphecy?
Then went Amos to comfort her and said. The Holy One (blessed be He !) sent

me fo tbee to comfort thee. She sold to him, What hast thou In thine band to

comfort me? The Prophet said (ix. 11), " In that day will 1 raise up tlie taber-

nacle of David that Is fallen 1 " But Jerusalem said to bim. Only yesterday thou
toldest mc (v. 2), * The Virgin of Is/ael is fallen; she ehaU no move rise 1" and
now thou Bpcakest to me thus. Which shall we believe, the first or the second
prophecy ?

Then went Micxn - to comfort her and said. The Holy One (blessed be He!)
sent me to thee to comfoit thee. She gaid to him, What hast thou in thine hand
to comfort me? Tho Prophet said (vil. 18), "Who is a God like unto Thee, that

pardooet Inlqaity and passctb by the transgression of the remnant of His
berttagd?** But Jerusalem said to hlra. Only yesterday thou toldest me (I. 6),
" For tbe transgression of Jacob Is all this, and for the sins of the house of Israel,

Acl" and now thou speakest to me thus. Which shall we believe, the first or
the second prophecy?
Then went Nauuu to comfort her and said, The Holy One (blessed be Ho I)

Bent me to thee to comfort thee. She said to hira. What hast thou in thine hand
to comfort me? The Prophet said (d. 1 [I. 15]), •• For the wiclied shall no more
pass through thee I'* But Jerusalem said to hira. Only yesterday thou toldest

me (i. II), " There Is one come out of thee that imaglneth evU against tho Lord,
a wicked counsellort" and now thou speakest to me thus. Which shall we
believe, tho first or the second prophecy,?

Tlien went Hasakkue to comfort her and eald.The Holy One (blessed be He!)
Bent mo to thee to comfort thee. She said to hini. What hast thou In thine hand
to comfort mo? Tho Prophet said (ill, 13), "Thou wentcst forth for the salvation

of Thy people, even for the salvation with Thine Anointed One I " But Jerusalem
Bald to him. Only yesterday thou toldcat me (1. 2), " O Lord, how long shall I cry
and Thou wilt nut hear, even ciy out unto Thee of vlolei<ce and Thou wilt nat
savel *' and now thou speakest to me thus. Which ehuU we believe, tbe first or
the second prophecy?
Then went Zepuasub to comfort her and said. The Holy One (blessed be He!)

sent me to thee to comfort thee. She said to him. What hast thou In thine hand
to comfort me? The Prophet said (1. 12). "And It shall come to pass at that time
that I shall search Jerusalem with lights!" Hut Jerusalem said to him. Only
yesterday thi-o toldest me (1. 15). "A day of darkness and glocminessl " and now
thjQ speakcat to mo thus. Which shall we believe, the first or the second
prophecy?

i'nen went Haooai to comfort her and said, The Holy One (blessed be Ho!)
•ent me to thee to comfort thee. She said to him, What hast thou in thine hand
to jomfort mo f Tho Prophet said (U. 19), " Is the seed yet in the barn ! Yea, as
Ttt the vine and the fiff tree and tho pomegranate and the olive tree hath not
brought forth: from this day will I bless you!" But Jerusalem said to hlra.
Only yesterddy thou toldest rae (L 6). " Ye have sown much and biing In little,

&c I
' and now thoo speakest to me thus. Which shall we believe, the first or

(he second prophecy.
Then went ZECSAniAn to comfort her and said. The Holy One (blessed be He!)

«cnt me to theo to comfort thee. She said to lilm. What host thou in thlno hand
to <flmfort me? The Prophet said (1. 15), ''And I am very soio displeased with
Ihft heathen that are at ease : for I was but a liitle dhplcased and they helped
forward the affliction I

'* But Jerusalem said to him. Only yesterday thou toldest

m^* (I. 2), "The Lord haih been sore displeased with your fathersl " and now thou
8p.-rtkest to mo thu?. Which shall wc believe, the fli^t or the last prophecy?
Then went JIalacbi to comfort Iier and said. The Holy One (blessed be He!)

sent me to then to comfort thee. She paid to him. What hast thou In thine hand
to comfort mi*? The Prophet wild (111. 12). "And all nations shall call you
blessed : for ye Bball be a de'lehtsome Und I

** But Jerusalem said to him, Only
yesterday thou toldest me (I. 10), **I have no delhjht In you!" and now thou
epcakest to me thus. Which shall n-o bcMcve, the flist orthe last prophecy?
Then went all tlic Prophets to the Holy Ono (blessed be- He!) sayinc to Him,

Lord of the Unlvcisc. Jeruialem will not accept consolation at oar hands. Then
tlie Holy One (blessed be He!) said to them, " I and you will together go to
comfort her; and this Is why It says (Isaiah xl, 1). Comfort yo, comfort yc Jir

PBorLE. comfort her wirii mc.3 Comfort her, y»«clC'tlol onesl comfort her, yo
terrestrtal ones! Comfort her. yo living- onesl comfort her, ye dead ones!
Comfort her in this world! comfort her In tho world to come !

» Comp. Pe*ikto liahbathi, ed. Frtedmann, Icar x3^b.
• See Peiikto Rabbathi (cJ. Filedmann, leaf 1386). whpre It says (before tho

pamgiaph on Nahunt), '"Obadyah prophesied for Edom.and Yonuh for Nineveh."
This, it la true, Is a mere gloss; but It Is tbe true reason why these two j)rophct>i

Are left out.
* There Is a play here upon the meaning of the Hebrew ^DJf, which may bo

read cither '.4 "imf ("my people") or 'Immi (" wlih mo").

Seco»o Spicimbii.—And whom docs He try? Tho righteous one; for It says

(Ps. xl. 5). "Tbe Lord trieth the righteous." And by wliat does Uo tiy hlra? By
the feed ng of sheep. David He tried by sheep and found him a good shi-pherd,

for It 8ay9(PB. IxxvUl. 70), " And He took him from the 'restraints * of sheep."

What !s the meaning of 'iffmmaA/«/Af' The root Is the sumo as that of 'cayj,!*-

Jtale [haggeifiem] (Gen. vUl. 2), "And the rain wa-s restrained." David restrabied

the big sheep in favour of the small onos. Ho brought out first the young ones,

so that they should feed on the tender heibs; then he brought out the old onea

that they should feed on the less tender herbs; and, finally, he biought out tho

strong sheep that they should feed on thecoaiser herbs. Upon thlsthe Holy On©
(blessed bo He!) said, He who undei-standeth to feed slieep occuiding to their

strengrh, let htm come and feed My people! And this it Is »hat Is wiltUn

(Ps. lnvlU. 71), " From following tho ewes gicut w1Ui >oung He biought him to

teed Jacob His people r* And tlic same was the case as rcgaids JIoscs, whom
the Holy One (blessed be Ho !) tried by sheep. Our labbls say, When Moses our

teacher (peace be upon hira!) was feeding the sheep of Jethro In Uia wUdcincss,

a kid ran away from him, and Moses ran after It till they came to a mountain-

hollow. When it had reached the mountain-hollow there was a pool of water,

and the kid stood stUJ in order to dilnk. When Moses i cached the kid he suid to

It, I did not know that thou didst run away from rae because thou wast thirsty and

faint Thereupon he put it on his shoulders and walked back with it to the

flock.* Then wild tho Holy One (blessed be He!), Thou art compassionate In the

feeding of sheep belonging to mere flesh and blood (man); as thou llvest, ihou

Shalt feed My flock, even Israel I Uehold, this It la that is written (Exod. 111. I),

"And Moses was feeding the flock, Ac." (S. M. S.-S.)

MIEDZYRZECZ PODLASKI (Russian, ilejiryechie), a

district town of Russian Poland, in the government of

Siedlce, 16 miles to the east of the government capital,

on the railway between Warsaw and Brest-Litovskiy. It

is first mentioned in the year 1390 as a feudal dominion

of King Yaghello. After frequently changing hands it

became the property of the Czartoryski, and afterwards

of the Potocki family, whose palace is still to be seen in

the town. Its 10,000 inhabitants—half of whom arc

Greek nonconformists, and half Jews and Poles— carry

on some trade in bristles, and pursue minor industries.

MIERIS, the name of a family of artists who practised

painting at Leyden for three generations in the 17 th and

18 th centuries.

I. Feaus van Miiris, the elder, son of Jan van Mierls,

a goldsmith and diamond setter, was born, according to

Houbraken, at Leyden on the 16th of April 1635, and
died there on the 12th of March 1681. His father wshed
to train him to his own business, but Frans preferred

drawing to chasing, and took service with Abraham Tor-

envliet, a glazier who kept a school of design. As often

happens, the youth's style was influenced by his earliest

surroundings. In his father's shop he became familiar

with the ways and dress of people of distinction. His

eye was fascinated in turn by the sheen of jewellery and
stained glass ; and, though he soon gave up the teaching

of Torenvliet for that of Gerard Dow and Abraham van

den Tempel, he acquired a manner which had more of the

finish of the exquisites of the Dutch school than of the

breadth of the disciples of Rembrandt. It should be

borne in mind that he seldom chose panels of which the

size exceeded 12 to 15 inches, and whenever his name is

attached to a picture above that size we may surely assign

it to his son Willem or to some other imitator. Unlike
Gerard Dow when he first left Rembrandt, or Jan Steen

when he started on an independent career, he never ven-

tured to design figures as large as life. Characteristic of

his art in its minute proportions is a shiny brightness-and

metallic polish. The subjects which he treated best are

those in which he illustrated the habits or actions of the

wealthier classes ; but he sometimes succeeded in homely
incidents and in portrait, and not unfrequently he ven-
tured on allegory. He repeatedly painted the satin skirt

which Terburg brought 'into fashion, and he often rivalled

Tcrburg in the faithful rendering of rich and highly-
coloured woven tissues. But he remained below Terburg
and Metzu, because he had not their delicate perception of

harmony or their charming mellowness of touch and tint,

and he fell behind Gerard Dow, because he was hard and
bad n?t his feeling for effect by concentrated light and
shade. In the form of his composition, which sometimes
represents the framework of a window enlivened with

«Whn,onreJdlni!Ui|.. docs not think of such passiiges In thu New Tcstntnent
li5M«;t. jvUL 12. AXV. 21.anJJoUnx. U?
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greenery, and adorned with bas-reliefs within which figures
are seen to the waist, his model is certainly Gerard Dow.
It has been said that he possessed some of the humour of
Jan Steen, who was his friend, but the only approach to
humour in any of his works is the quaint attitude and
look of a tinker in a picture at Dresden, who glances know-
ingly at a worn copper kettle which a maid asks him to

mend.
It is' a question whether Houbraken has truly recorded

this master's birthday. One of his best-known pieces, a,

party of ladies and gentlemen at an oyster luncheon in

the hermitage at St Petersburg, bears the date of 1650.
Celebrated alike for composition and finish, it would
prove that Mieris had reached his prime at the age of

fifteen. Another beautiful example, the Doctor Feeling
a Lady's Pulse in the gallery of Vienna, is dated 1656

;

and Waagen, in one of his critical essays, justly observes
that it is a remarkable production for a youth of twenty-
one. In 1657 Mieris was married at Leyden in the pre-

sence of Jan Potheuck, a painter, and this is the earliest

written record of his existence on which we can implicitly

rely. Of the numerous panels known to the writer of

these lines, twenty-nine at least are dated,—the latest

being an allegory, long in the Rahl collection at Cologne,
illustrating the kindred vices of drinking, smoking, and
dicing, in the year 1680.

Mieris had numerous and distinguished patrons. He
received valuable commissions from Archduke Leopold, the

elector-palatine, and Cosmo III., grand-duke of Tuscany.
His practice was large and lucrative, but never engendered
in him either carelessness or neglect. If there be a differ-

ence between the painter's earlier and later work, it is that

the former was clearer and more delicate in flesh, whilst the

latter was often darker and more livid in the shadows.
When he died his clients naturally went over to his son
Willem, who in turn bequeathed his painting-room to his

son Frans. But neither Willem nor Frans the younger
equalled Frans the elder.

IL Willem van Mieris (1662-1747), son of Frans.

His works are extremely numeroHs, being partly imita-

tions of the paternal subjects, or mythological episodes,

which Frans habitually avoided. In no case did he come
near the excellence of his sire.

in. Frans van Mieris the younger (1689-1763) also

lived on the traditions of his grandfather's painting-room.
The pictures of all the generations of the Miens family were suc-

cessfully imitated by A. D. Snaphaan, who lived at Lcipsic and
was patronized by the court of Anhalt-Dessau To those who would
study his deceptive form of art a visit to the collection of Worlitz
near Dessau may afford instruction.

MIGNARD, Pierre (1610-1695), caUed—to distinguish

him from his brother Nicholas—Le Komain, was the chief

French portrait-painter of the 17 th century. He was born

at Troyes in 1610, and came of a family of painters. In

1630 he left the studio of Simop Vouet for Italy, where

he spent twenty-two years, and made a reputation which

brought him a summons to Paris. Succpssful with his

portrait of the king, and in favour with the court, Jtlignard

pitted himself against Le Brun, declined to enter the

Academy of which he was the head, and made himself the

centre of opposition to its authority. The history of this

struggle is most important, because it was identical, as

long as it lasted, with that between the old guilds of

France and the new body which Colbert, for political

reasons, was determined to support. Shut out, in spite of

the deserved success of his decorations of the cupola of

Val de Grace (1664), from any great share in those public

works the control of which was the attribute of the new
Academy, Mignard was chiefly adfive in portraiture.

Turenne, Bossuet, MainfenOH (Louvre)7LaValliire, S^vign6,

Montespan, Descartes (Castle Howard), all the beauties

and celebrities of his day, sat to hinr., Hia readiness and
skill, his happy instinct for grace of arrangement, atoned
for want of originality and real power. With the death of

Le Brun (1690) the situation changed; Mignard deserted

his allies, and Succeeded to all the posts held by his

opponent. These late honours he did not long enjoy; in

1695 he died whilst about to commence work on the cupola

of the Invalides. His best compositions have been en-

graved by Audran, Edelinck, Masson, Poilly, and others.

^
MIGNONETTE, or Miononnette (i.e., "little dar-

ling"), the name given to a popular garden flower, the
Reseda odorata of botanists, a " fragrant weed," as Cowper
calls it, highly esteemed for its delicate but delicious perfume.
The mignonette is generally regarded as being of annual
duration, and is a plant of diffuse decumbent tmggy habit,

scarcely reaching a foot in height, clothed with blunti.sh

lanceolate entire or three-lobed leaves, and bearing longish

spikes—technically racemes—of rather insignificant flowers

at the ends of the numerous tranches and branchlets.

The plant thus naturally assumes the form of a low dense
mass of soft green foliage studded over freely with the

racemes of flowers, the latter unobtrusive and Ukely to be
overlooked until their diffused fragrance compels attention.

The native country of the original or tj'pical mignonette
has sometimes been considered doubtful, but according to

the best and latest authorities it has been gathered wild on
the North African coast near Algiers, in Egypt, and in

Syria. As to its introduction, a MS. note in the hbrary
of Sir Joseph Banks records that it was sent to England
from Paris in 1742 ; and ten years later it appears to have

been sent from Leyden to Philip MUler at Chelsea. Though
originally a slender and rather straggling pllnt, there are

now some improved garden varieties in which the growth

is more compact and vigorous, and the iiidorescence bolder,

though the odour is perhaps less penetrating. The small

six-petalled flowers are somewhat curious in structure : the

two upper petals are larger, concave, and furnished at the

back with a tuft of club-shaped fUaments, which gives

them the appearance of being deeply incised, while the two
lowest petals are much smaller and undivided ; the most
conspicuous part consists of the anthers, which are

numerous and of a brownish red, giving the tone of colour

to the inflorescence. In a new variety named Golden

Queen the anthers have a decided tint of orange-yellow,

which imparts a brighter golden hue to the plants when
in blossom. A handsome proliferous or double-flowered

variety has also been obtained, which is likely to be a very

useful decorative plant, though' only to be propagated by

cuttings ; the double white flowers grow in large massive

panicles (proliferous racemes), and are equally fragrant

with "those of the ordinary forms.

What is called tree mignonette in gardens is due to the skill of

the cultivator. Though practically a British annual, as already

noted, since it flowers abundantly the first season, and is utterly

destroyed by the autumnal frosts, and though recorded as being

annual in its native habitat by Desfontaines in the Flora Atlantica,

the mignonette, like many other plants treated in England as

annuals, will continue to grow on if kept in a suitable temperature,

lloreover, the life of certain plants of this semiannual character

may be prolonged into a second season if their flowering and seeding

are persistently prevented. In applying these facta to the pro-

duction of tree mignonette, the gardener grows on the young

plants under glass, and prevents their flowenng by nippmg off the

blooming tips of the shoots, so that they continue their vegetative

growth into the second season. The young plants are at first sup-

ported in an erect position, the laterals being removed so as to

secure clean upright stems, and then at the height of one or two

feet or more, as may be desired, a head of branches is enconraged

to develop itself. In this way very large plants can be produced.

For ordinary purposes, however, other plans are adopted. In the

open borders of the flower garden mignonette is usually sown in

spring, and in great part takes care of itself ; but, being a favourite

either for window or balcony culture, and on account of its fragrance

a welcome inmate of town conservatories, it is also very extensively
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grown es a pot pknt, nnd for market purposes with this object it is

•ovra in pots in the autumn, and thinned out to pive the plants

rcqcisite space, since it does not transplant well, and it is thereafter

Bjtecially crown in pits protected from frosts, and marketed when
just arriving at the blooming stage. In this way hundreds of

thousands, probably, of pots of blooming mignonette are raised and
disfosed of year by yc.ir.

In classifying the odours given oCF by plants Rimmel ranks the
mignonette in the class of which he makes the violet the type ; and
Fee adopts the same view, referring it to his class of " iosmoids

"

along with the violet and wallllower.

The name is sometimes, but it would appear less correctly, written
mignionette. The genus Biscda contains some other interesting

and useful species,—among them the Hescda Luteola, which is

commonly called dyer's-weed and w:ld, and yields a valuable
yellow dye.

MIGUEL, Makia Evakist (1802-1866), usually known
as Don ilicrrEX, whose name is chiefly associated with his

pretensions to the throne of Portugal, was the third son of

King John VI. of Portugal, and of Carlotta Joachima, one

of the Spanish Bourbons ; he was born at Lisbon on

October 26, 1802. In 1807 he accompanied his parents

in their flight to Brazil, where he was permitted to grow
up a spoiled child and a worthless youth ; in 1821, on his

return to Europe, it is said that he had not yet learned

to read. In 1822 his father swora fidelity to the new
Portuguese constitution which had been proclaimed in his

absence ; and this led Carlotta Joachima, who was an
absolutist of the extremest Bourbon type, and otherwise

hated her husband, to resolve to seek his dethronement in

favour of Miguel her favourite son. The insurrections

which ensued (see Portugal) resulted in her relegation to

the castle of Queluz and the exile of Miguel (1824), who
spent a short time in Paris and afterwards lived in Vienna,

where he came under the teaching of Metternich. On the

sudden death of John VI. in May 1826, Pedro of Brazil;

his eldest son, renounced the crown in favour of his

daughter Maria da Gloria, on the understanding that she
should become the mie of Miguel. The last-named
accordingly swore allegiance to Pedro, to Maria, and to

the constitution which I^edro had introduced, and on this

footing was appointed regent in July 1827. He arrived

in Lisbon in February 1828, and, regardless of his

promises, dissolved the new Cortes in March ; having
called together the old Cortes, with the support of the

reactionary party of which his mother was the ruling

spirit, he got himself proclaimed sole legitimate king of

Portugal in July. The power which he now enjoyed he
wielded in the most tyrannical manner for the repression

of all liberalism, and his. private life was characterized

by the wildest excesses. The public opinion of Europe-
became more and more actively hostile to his reign, and
after the occupation of Oporto by Don Pedro in 1832, the
destruction of Miguel's fleet by Captain (afterwards Sir

Charles) Napier off Cape St Vincent in 1833, and the
victory of Saldanha at Santarem in 1834, Queen Christina
of Spain recognized the legitimate sovereignty of Maria,
and in this was followed by France and England. Don
Miguel capitulated at Evora on May 29, 1834, renouncing
all pretensions to the Portuguese throne, and solemnly
promising never thenceforward to meddla in Peninsular
affairs. He lived for some time at Rome, where' he en-

joyed papal recognition, but afterwards retired to Bronn-
bach, in Baden, where he died on November 14, 1866.
MIGULINSKAYA, a Cossack village (stanitsa) of Russia,

in the government of the Don Cossacks, and in the district

of Ust-Medvyeditsa, 79 miles to the west of that town, on
the left bank of the Don. It is- one of the largest and
wealthiest staniisas of the government, and has 20,600
inhabitants, who are engaged in agriculture and stock-
breedipg, and in the export of agricultural produce.

MIKHAILOVSKAYA, a Cossack village {stanitsa) of

Russia, in the government of the Don Cossacks, and in the

district of Khopersk, 14 miles to the north-west of

Uryupino, on the low left bank of the Khoper, which b
inundated when the river is full. It has an important

fair, where Tartars from Astrakhan exchange furs and

cottons for manufactured and grocery wares imported from

central Russia; the inhabitants of the district also sell

corn, cattle, and plain woollen stuffs. Population, 18,000.

MILAN (the Latin Mcdiohmum, Italian Milano, and

Germab Mailand), a city of Italy, situated .near the middle

of the Lombard plain, on the small river. Dlona, in 45° 27'

35" N. lat. and 9° 5' 45" E. long. It is 390 feet above

the sea-lovel, and lies 25 miles south of the Alps at Como,

30 miles north of the Apennines, 20 miles east of the

Ticino, and 15 miles west of the Adda.

The plain around Jlilan is extremely fertile, owing at

once to the richness of the alluvial soil deposited by the

Po, Ticino, Olona, and Adda, and to the excellent system

of irrigation. Seen from the top of the cathedral, the

plain presents the appearance of a vast garden divided

into square plots by rows of mulberry or poplar trees.

To the east this plain stretches in an unbroken .level,

as far as the eye can follow it, towards Venice and the

Adriatic ; on the southern side the line of the Apennines

from Bologna to Genoa closes the -view; to the west rise

the Maritime, Cottian, and Graian Alps, -with Monte Viso

as their central point ; while northward are the Pennine,

Helvetic, and Rhaetian Alps, of which Monte Rosa, the

Saasgrat, and Monte Leone are the most conspicuous

features. In the plain itself lie many small villages;

and here and there a larger to-mi like Monza or Sarpnno,

or a great building as the Certosa of Pavia, makes a white

point upon the greenery.

The commune of Milan consists since 1873 of the city

within the walls (area 1513 acres) and the so-called Corpi

Santi* without the walls (area 15,415 acres). The popu-

lation of the whole area increased from 134,528 in 1800

to 242,457 in 1861, 261,985 in 1871, and 321,839 in

•1881,—the city -within the walls contributing 110,884 in

1.801, 196,109 in 1861, 199,009 in 1871, and 214,004
in 1881. The climate is very variable ; thei'e is a difference

of 41° Fahr. between the extreme summer heat and winter

cold. The average number of -wet days is 72, and of

snowy days 10 per annum.
Milan is built in a circle, the cathedral being the central

point. The city is surrounded by a wall 7 miles in

circumference, and immediately outside the wall a fine

broad thoroughfare makes the circuit of the city. The
streets inside are for the most part narrow and crooked

;

the main streets are the Corso Vittorio Emanuelo, the

Strada S. Margherita, the Via Manzoni, the Corso Porta

Ticinese, and the Corso Porta Romana. There are few

piazzas of, any size; the largest is the Piazza del Duomo,
which has recently been extended, and the houses around

it modernized. To the west of the city is the open space

of the Foro Bonaparte and the Piazza d'Armi, -with the

square keep of the Visconti castle, flanked by two granite

towers, between tfiem. The castle was partly destroyed

in 1447 by the Ambrosian republic, rebuilt by Francesco

Sforza, .enlarged by the Spanish governors, and taken by
Napoleon in 1 800, when the outer fortifications were razed

to the ground, and the walls reft as they now are. North

of the Piazza d'Armi is- the modern cemetery, with a special

building and apparatus for cremation, erected in 1876.

Among the buildings of Milan the most important is the

cathedral, begun tmder Gian Galeazzo Visconti, in 1386.

It is built of brick cased in marble from tie quarries which

Visconti gave in perpetuity to the cathedral chapter. The

' The name Corpi Santi (of doubtful origin-) is eiitu applied to thu

extra-mural portions of Cremona and Pavia.
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name of the original architect is not known, but it is

certain that many German master masons were called to

Milan to assist the Italian builders. After St Peter's at

Rome and the cathedral of Seville the Duomo of Milan is

the largest church in Europe. It is 477 feet in length

and 183 in width"; the nave is 155 feet high, the cupola

226 feet, and the tower 360 feet. The work was con-

tinued through many centuries, and after the designs of

many masters, notably of Amadeo, who carried out the

octagon cupola, and of Tibaldi, who ornamented the

doors and windows of the fagadein the 16th century. The
work was finished, under Napoleon, in 1805. The style

is Gothic, though its purity is destroyed by the introduc-

tion of Romanesque windows and portals on the faijade.

The form of the church is that of a cross. Inside there

are double aisles, and aisles in the transepts. The roof is

1, Piazza del Teatio.

2, Piazza del Mercantl.
8. S. An(relo.

4. Oapedale delle Fate-
bene Sorelle.

6. Ospedale del Fate-bene
FiatcUl.

6. CaBa Satnoyloff.

7. S. Maria del Cannljio.

8. Pal. de Biera.

Plaii of Milan.

9. Pal. Beccarta.
10. S. Fedele.
11. Teatro d. Cannoblana.
12. Casa Uboldl.
13. Pal. della Raglone
14. Conaerv. dl Muslca
15. Teatro della Scala.

i6. Casino del MercantL
17. Hotel Relclimann.
18. Grand Hotel Royal.

19. Marino.
20. Hotel de la VUle.
21. Hotel Gran Bretagna.
22. Casa Origo.
23. Galleria Vlttorio

Emanuele.
24. S. Enfcmia.
25. Pal. Belglojoso.

86. Musco Cltico.

27. Bot«l de r£urope.

supported by fifty-twO columns, with canopied niches

for statues instead of capitals. The windows of the tribune

contain brilliant painted glass. To the right of the

entrance is the tomb of Archbishop Heribert, the champion

of Milanese liberty ; next to that is the tomb of Otho
Visconti, founder of that family as a reigning house, and in

the right transept the monument of Giaeomo dei Medici,

the corsair of Como, brother of Pope Pius IV. and uncle

to Saint Carlo Borromeo. Under the dome,- in a crypt,

lies the embalmed body of this cardinal saint (1538-84),

canonized for his good deeds during the great famine and

plague of 1576. The body is contained in a silver

sarcophagus faced with rock-crystal. The roof of the

cathedral is built of blocks of white marble ; and the

various levels are reached by staircases carried up the

buttresses ; it is ornamented with turrets, pinnacles, and

two thousand statues.

There are four other churches of interest in Milan. S.

Ambrogio, the oldest, was founded by St Ambrose in

the 4th century, on the ruins of a temple of Bacchus. It

is remarkable for its fine alrium, and inside for the

mosaics in the tribune, dating from the 9th centurj-, and

for the " pala " or plating of the high altar, a curious and

ancient specimen of goldsmith's work. S. Maria delle

Grazie is a Dominican church of the 15th century. The
cupola, with sixteen rides wTOught in terra-cotta, is attri-

buted to Bramantp. S. Gottardo is now built into the

royal palace, and only the apse and the octagonal campanile

remain. The latter, a beautiful example of early Lom-
bard terra-cotta work, was built by Azzone Visconti in

1336, and was the scene of the murder of Giovanni Maria

Visconti in 1412. The small church of San Satiro, founded

in the 9th century, was rebuilt by Bramante in the 15th ;

the sacristy is one of that master's finest works.

The royal and archiepiscopal palaces are both worthy!

of note. The former stands on the site of Azzone Vis-

conti's palace, and the present building was the viceregal

lodge of the Austrian governors. It contains one fine

hall with a gallery supported by caryatides. The Broletto,

or town-hall, was built by Filippo Maria Visconti for his

general Carmagnola, in 1415, who, however, never lived in

it. The Great Hospital is a long building with a fine

facade in terra-cotta from the designs of the Florentine

Antonio Averlino ; it dates from the reign of Francesco

Sforza (1456), <ind can accommodate 2400 patients. Among
the modern bnildines the most remarkable are the Arco

della Pace whih stands at the commencement of the

Simplon road (begun in 1804 by Napoleon, finished in

1833 under the Austrians), and the great Galleria Vittorio

Emanuele. connecting the Piazza del Duomo with the

Piazza della Scala—a graceful glass-roofed structure 320

yards long, 16 yards wide, and 94 feet high, buUt in

1865-67 at a cost of 320,000 lire (£12,800). The
Milanese are justly proud of this'popular promenade, as the

finest of its kind in Europe ; and in the best of their four

considerable theatres—the Scala, built in 1778 on the

site of a church raised by Beatrice Scala, wife of Bernab6

Visconti—they also possess the largest theatre in Europe,

with the single exception of the S. Carlo at Naples.

Milan is rich in works of art. It has been the home of

many excellent sculptors and architects, among others of

Amadeo and of Agostino Busti, known as Bambaia,—whose

work may be seen in the cathedrals of Como and Milan, in

the Certosa of Pavia, and in the terra-cotta buildings of the

Lombard towns. Later on, towards the close of the 15 th

century, the refined court of Lodovico Sforza attracted

such celebrated artists hs Bramante the architect, Gaffurio

Franchino the 'founder of one of the earliest musical

academies, and Leonardo da Vinci, from whose school

came Luini, Boltraffio, Gaudenzio Ferrari, and Oggiono.

In still more recent times Beccaria (1738-94) as a jurist,

Monti (1754-1828) as a poet, and Manzoni (1785-1873)

as a novelist, have won for the Milanese a high reputation

in the field of letters.

The picture gallery of the Brera is one of the finest in

Italy. It possesses Raphael's famous " Sposalizio," and

contains many frescos by Luini, Gaudenzio Ferrari, and

Bramantino. The Venetian school is particularly well

represented by works of Paolo Veronese, Paris Bordone,

Gentile Bellini, Crivelli, Cima da Conegliano, Bonifazio,

Moroni, and Carpaccio. Luini may also be studied in the

church of Monastero Maggiore, a large part of whose walls

he painted in fresco. In the archaeological museum, on the

ground floor of the Brera, are preserved uany interesting

monuments, among others the tomb of Beatrice della

Scala and the equestrian monucienf of_ her husband

Bernab6 Visconti, as well as the most exquisite sepulchral

monument of Gaston de Foix, the work of Agostino Busti.

The library of the Brera contains upwards of 200,000

rolumes, including some imporiant Venetian chronicles,
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but it is not i,o rich in MSS. as the celebrated Ambrosian

library, for which see Librakies, vol. xiv. p. 531.

Agrimllure.—The district of Milan is renowned for its excellent

agriculture. It may be divided into two regions, where different

systems of farming are pursued and different crops produced. TUo
first region lies on the lower slopes of the Alps, where they sink

into the plain. This is called the dry Milanese, for it is watered

by torrents only, which have worn themselves too deep a bed to

allow of irngation, and the peasants are obliged to collect the rain-

water in large mud-lined tanks called "poppe." The soil is for

the most part thin and light, and is frequently washed down the

incline into the plain ; in some parts it is only kept in its place by

stone walls reared at great cost. The farms are smaller hero than

in the lower plain, and are let on a system which is a compromise
between the mezzadria, which once obtained in the district, and
regular leases. The tenant pays a money rent for the house ; and
for the land he either pays in kind or in a money equivalent,

supplemented by labour given to the landlord. In cases where
vines or fruit trees are grown, the landlord supplies and maintains

them till they come into fruit. The landlord carries out all

improvements, and the tenant holds the farm at bis pleasure.

The rotation of cropping is for three years. The value of these

farms varies greatly, ranging from 7 to 14 lire ^he pertica (1000
square yards). The district produces maize and wheat in abund-
ance, a littlo flax and millet, apples, and wine. The second
agricultural district is that which lies in the plain ; it is called the

wet Milanese, from the elaborate system of irrigation which makes
the meadows yield a constant succession of crops. The plain is

traversed by innumerable canals at various levels, crossing one

another on bridges, or by siphons, so that the peasant can flood

his fields at any moment. The system is as old as the 12th
century; it was improved by Leonardo da Vinci, and is now the

most perfect network of irrigation in Europe. The farms vary in

extent from 1500 to 4500 perticbe. They are let upon leases for

nine, twelve, or fifteen years, at rents ranging from 8 '60 to 12 '50

lire the pertica,- while those near a city may bring from 15 to 20
lire. The rotation of cropping is five-yearly. The meadows yield

four crops of grass in the year ; the first three—the maggengo, the

atjostino, and the terzuolo—are cut, the fourth is grazed off.

Where the ground is perfectly flat and water can stagnate, rice is

grown ; this crop is continued for four years in succession, . then
the land is rested with cereals and grass. The other crops are

maize and wheat. Put the thief occupation is the supply of dairy

produce. The cows are bought in the Swiss cantons of Uri, Zug,
Lucerne, and Schwyz, the Inst furnishing the best milkers. The
cheese called Parmesan comes from the Milanese ; and the rich

cheese, made of unskimmed milk, known as Stracchino, is made
principally at the village of Gorgonzola, 12 miles east of Milan.

Lidustrics.—The industries of this district have increased very
rapidly since the union of Italy, and the city is now the chief

commercial centre in North Italy. The principal industry of

tlilan and~the ililanese is the production and manufacture of silk.

For feeding the worms mulberry trees are largely cultivated on the
plain; and the district counts upwards of 200 factories, where the
silk thread is unwound from the cocoons, yielding 4,000,000 lb of
raw silk in the year. Some of this is exported to France for

manufacture, but the' Mikncso can now almost rival their

neighbours in the production of silk stuffs, velvets, and brocades.

Cotton is manufactured at Saronno and Lcgnano, fustian at Busto,
linen at Cassaho, combs at Burlando, and porcelain and carriages

of very excellent workmanship in Milan itself.

Sistonj.— Bellovesus, king of the Celts, who crossed the Alps
when Tarquinius Priscus was king in Rome, is the traditional

founder of Milan. The city became the capital of the Insubrian
Gauls, and was taken by the Komans in 222 B.C. As a" Roman
municipium it continued to increase in magnificence and import-
ance ; and under Constantino it was the seat of the imperial vicar
of the West. Under Theodosius, in the 4th century, Milan, to

judge from Ausonius's description {Ordo yob. Urlium, v.), must
have been rich in temples and public buildings. Theodosius died
at Milan after doing penance, at the bidding of St Ambrose, for

his slaughter of the people of, Thcssalonica. Ambrose is still

venerated in Milan as the founder of the Jlilaucse church and the
comjiiler of the Ambrosian rite, which is still in use throughout
the diocese. After his death the period of invasions begins ; and
Milan felt the power of the Huns under Attila (452), of the
Heruli under Odoacer (476), and of the Goths under Theodoric
(493). When Belisarius was sent by Justinian to recover Italy,

Datius, the archbishop of Milan, joined him, and the Goths were
expelled from the city. But Uraia, neiihew of Viligis the Gothic
king, subsequently assaulted and retook the town, after a brave
resistance. Uraia destroyed the whole of Milan in 639 ; and hence
it is that this oity, once so important a centre of Roman civilization,

possesses so few remains of antiquity. Uarscs, in his campaigns
against the Goths, had invited otner barbarians, the Lombards, to

his aid. They came in a body under Alboin, their king, ia 668,

and were soon masters of North Italy, and entered Milan the year

following. Alboin established his capital at Pavia, and Milan

remained the centre of Italian opposition to the foreign conquest.

The Lombards were Arians, and tljo archbishops of Jlilan from

the days of Ambrose had been always orthodox. Though the

struggle was unequal, their attitude Xif resolute opposition to the

Lombards gained for them great weight among the people, who
felt that their archbishop was a power around whom they might

gather for the defence of their liberty and religion. All the innate

hatred of the foreigner went to strcigthen the hands of the

archbishops, who slowly acquired, in addition to their spiritual

authority, powers military, executive, and judicial. These powers

they came to administer through their delegates, called viscounts

When the Lombard kingdom fell before the Franks under CharleJ

the Great iu 774, the archbishops-of Milan were still further

strengthened by the close alliance between Charles and the church,

which gave a sort of confirmation to their temporal authority, and

also by Charles's policy of breaking up the great Lomuard fiefs and

dukedoms, for which he substituted the smaller counties. Under

the confused government of Charles's immediate successors the

archbishop was the only, real power in Milan. But there were

two classes of difiicultics in the situation, ecclesiastical and political;

and their presence had a marked effect on the development of the

people and the growth of the commune, which was the next stage

in the history of Milan. On the one hand the archbishop was

obliged to contend against heretics or against fanatical reformers

who found a following among the people ; and on the other,- since

the archbishop was the real power in the city, the emperor, the

nobles, and the people each desired that he should be of their party ;

and to whichever party he did belong he was certain to find

himself violently opposed by the other two. From these causes it

sometimes happened that there were two archbishops, and there-

fore no' central control, or no archbishop at all, or else an archbishop

in exile. The chief result of these difficulties was that a spirit of

independence and a capacity of judging and actiiig for themselves

was developed in the people of Milan. The terror of the

Hunnish invasion, in 899, 'further assisted the people in their pro-

gress towards freedom, forit compelled them to take arms and to

fortify their city, rendering Milan more than ever independent

of the feudal lords who lived in their castles in the country.

The tyranny of these nobles drove the peasantry and smaller

vassals to seek the protection for life and property, the equality of

toxation and of justice, which could be found only inside the walled

city and under the rule of the archbishop. Thus Milan grew

populous, and learned to govern itself. Its inhabitants became for

the first time Milanese, attached to the standard of St Ambrose,—
no longer subjects of a foreign conqueror, but a distinct people,

with a municipal life and prospects of their own. For the further

growth of the commune, the action of the great archbishop Heri-

bert, the establishment of the carroccio, the development of

Milanese supremacy in Lombardy, the destruction of Lodi, Como,
Pavia, and other neighbouring cities, the exhibition of free spirit

and power in the Lombard league, and the battle of Legnano, see

the article Italt. See also LoMBABBS.
After the battle of r^egnano, in 1174, although the Lombard cities

failed to reap the fruit of their united action, and fell to mutual
jealousy once more, Milan internally began to grow in material

prosperity. After the peace of Constance (1183) the city walls

were extended ; the arts flourished, each in its own quarter, under
a syndic who watched the interests of the trade. The manufacture

of armour was the most important industry. During the struggles

with the emperor Baibarossa, when freedom seemed on the point

of being destroyed, many Milanese vowed themselves, their goods,

and their families to the Virgin should their city come safely out

of her troubles. Hence arose the powerful fraternity of the

"Umiliati," who established their headquarters at the Brera, and
began to develop the wool trade, and subsetjuently gave the first

impetus to the production of silk. From this period also date the

irngation works which render the Lombard plain a fertile garden.

The government of- the city consisted of (A) a parlamento or con-

siglio grande, including all who possessed bread and wino of their

own,—a council soon found to be unmanageable owing to its siie,

and reduced first to 2000, then to 1500, and finally to 800 mem-
bers ; (B) a credenza or committee of twelve members, elected

in the grand council, for the despatch of urgent or secret business :

(C) the consuls, the executive, elected for one year, and compelled

to report to the great council at the term of their office. The waj'

in which the burghers used their liberty and jrowers, secured by

the peace of Constance, in attacking the feudal nobility ; how they

compelled the nobles to come into the city and to abandon theii

castles for a certain portion of the year ; how the war between the

two classes was continued inside the city, resulting in the e»tablisli-

ment of the podesti ; and the nature ahd limits of this office,—all

this has been explained in the article Italy.
This bitter and well-balanced rivalry between the nobles and the

people, and the endless danger to which it exposed the city owing
to the fact that the nobles were always ready to claim the protec-
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^ ^f fU^^T foni^al chief the emperor, brought to the front two

I'ble fimUieras protVnists o? the contending factions, -the

T^,ni ?f Vals^ina. and the Visconti, who deriTed their name

7^ fh« office th^v had held nnder the archbishops. After the
from the omce t^ey na

Frederick II. defeated the Guelf

totne nODiuiy ^"^ , . ,259 as eenore of Milan,—the
lowed as podesti in 1258, antt m i^""

f» ^, ^j ^ j^^

^S Napoleoie obtained the title of imperial yicar rom

Pnruilnh of Hansburg. But the nobles under the Visconti had been

ft^adK^gatherLg^^ength, and Napoleone was defeated at Desio

iri277. He enld hit life in a wooden cage at Castel BaradeUo

"''mho^Wnti, archbishop of Milan (1262). the "ctor of Des^

be^UlordofMila^andfoundedt^^^^^^^

r^JllV Ot^o 1^7-9'°)! Ma^ (IM/^J^^^^^^
AZ20 (1328-39), Lncchino (1339-49), and <3,oTanm (1349-54) fol-

ded n^ncce^ion. Giovanni left the lordship to three nephew^

Matteo Galeazzo, and Bemabi. Matteo was killed (1355) by his

brother, who divided the MUanese, Bemab6 reigninB m Mikn

(1354-85) and Galeazzo in Payia (1354-78). Galeazzoleft a son,

^\ln Gal a^o, who became sole lord of MUan by seizing and iro-

prisoning his ^cle Bernab6. For an account of this most powerM

^™nce se^e Italy. It was under him that the o^^^^f^l.of
^^„"f

Lnd the Certosa of Pavia were begun. He was the first duke ot

Mfkn having obtained that title from the emperor WencesU^

His sons Giolanni Maria, who reigned at Milan 1402-1412), and

Fmppo Maria, who reigned at Pavia (1102-1447 .succeededW
In 1T2, on his brother's death, Filippo united the whole duchy

nSder his sole rule, and attempted to carry out his father s policy

of acerandizement, but without success. ,iv- j „fi, .

ff^ppo was the last male of the Visconti house. At tis death a

repubfic was proclaimed, which lasted only_three years. In 1450

[he general Francesco Sforza. who had married Filippo s only chdd

Biln^ea V^conti. became dnke of Milan by r^.ht of conquest if bv

bright. Under this duke the canal of the Martesana. which

^Zncl Milan with the Adda, and tl"/ Great Hospita^^were^rred

out. Francesco was followed by five of the Sforza family. H^ son

Gdeazzo Maria (1466-76) left a Bon.Gkn Galeazzo a mno
,
whose

ffuardian and uncle Lodovico usurped the duchy (1479-1500). l^Oo

f?coTsTaptured in 1600 by fouis XII of F^-^^^-
^f *^'^

remained for twelve years under the French crown. In the partial

s'ttfement which foLwed the battle of Ravenna Massimihano

Vforra protege ot the emperor, was restored to the throne of Milan,

and™eld^it by the help Vf the Swiss tiU 1515. when Francis 1.

of France reconquered the Milanese by the battle of Mariano

and Massimiliano resigned the sovereignty for a revenue ^om france

This arrangement di^ not continue. Charles V. succeeded the

emperor Maximilian, and at once disputed the PO^^^^^'""
"f

*°

Milanese with Francis. In 1522 the imperialists entered Milan and

wocSed Francesco Sforza (son of LoSovico). Fr^^^'.^o/f-i^H?

[535 3 with him ended the house of Sforza. From this date tiU

the war of the Spanish succession (1714) MUan was a dependency of

the Spanish crown. At the close of that war it was handed over

to AusTaT a^ under Austria it remained tiU the Napoleonic

cLp^gn of 1796. For the results of that campaign. an<I for the

Sn^f lUUan progress towards independence, in which Mdan

Xed a prominent part by opening the revolat.on of 1818 the

H^^^tfei?£s^i^i^^^^^^^^

^"'ifflAZZO, a city ot Italy m the province of Messina

in SicUy,m miles west of Messina, is bmlt on the eastern

Lhore of the^Bay of Milazzo, partly on the isthmus of the

promontory, Capo Milazzo, which divides it from the Bay

ofOUvieri ItV*istsof an old or upper town protected

by strong bastioned walls, and a lower or modem town

outside of tie enceinte. The fine old cast e is now used

as a prison. Besides a certain amount of foreign com-

merceTsT vessels with a burden of 6707 tons entering in

1881, 93 with 13,496 in 1863), Milazzo carries on a good

coasting trade (194,366 tons in 1881 40,138 in 861),

and is one of the seats of the tunny-fishery^ The com^

munal population increased from 10,493 in 1861 to 13,565

in 1881, and that of the city was 7427 in 1871

Milazzo is the ancient Mylre a seapm-t and /"rt'^ f^ufe o^f

the Zanclffians (Messanians). which gives its name to the battle ot

the Mvltean plain in which the Mamertines were defeated by Hiero

S 270 B c YnTs^S it was the scene of an unsuccessful conspiracy

To tmns^r SicUy to the French. Captured by the Germans m 1718

It ^besieged by the Spaniards, "but relieved by a Neapolitan and

EnXh forf fn July 1860 the defeat of the Neapolitans in the

Sty, and these znJe of the fortress, fo™e<i almost the crown-

Sg ait if Garibaldi's victorious campaign The Bay of JWa^^h^

befn the scene of the defeat of the Carthaginian
^^JJ^^lf^^.been the scene 01 rne oeieai ui yuc ^<u>.^«^.~ -

.,
.

(260 B.O.), of Pompeins by Octavian's general Agrippa (38 B.C.), ani

of the French and Messinian gaUeys by the Pisans (1268).

MILDEW (explained as "meal-dew" or, with more

probabiUty, as " honey^ew ") is a popular name^ven

to various minute fungi from their appearance, and from

the sudden, dew-like manner of their occurrence. Like

many other popular names of plants, it is used to denote

difierent sp^ies which possess very small botamcal

affinity. The term is appUed, not only to species be-

longing to various systematic groups, but also to such

as foUow difierent modes of life. The com-mildew,

the hoihmildew, and the vine-mildew are, for example

parasitic upon Uving plants, and the mildews of damp hnen

and of paper are ^prophytes, that is, they subsist on

matter which is already dead. It is generally possible to

draw a distinct Une between parasitic and saprophytic

togi ; a species which attacks the Uving body of its host

doefnpt grow on dead matter, and vke versa. This is true

so far as I known of perhaps aU. the higher fungi except

Saprolegnm ferax (Gniith.), a parasite of freshwater

fiXs (especiaUy of the salmon), which also grows freely

S^^eHead b^esand on those of flies, &c As regards

mildews in general, the conditions of Me and growth are

mainly suiUble nutrition and dampness accompanied by a

Sgh temperature. The life-history of the same species of

mildew frequently covers two or more generations, and

tZ a.e o'ften passed on hosts of
"^^--^^X ^-

J°
some cases again the same generation confines its attack

HheTme kTnd of host, while in others the same genera-

tionlrls on various hosts. For informaUon regarding

fungi seneraUy see Ftjuous, vol. ix- p. v>Sl.

^e following examples are of common occurrence

The Corr^iiadew {Puccinm gramxnn, P"S-.
"^^^f!

VTtdinex\ —This disease of our grain crops and of many

other^s plants is very -dely distributed, Lke its host^

over thTearih, and is by far the most unportant to man o

aU^dews. Its life-history is passed in three generatio^

-two of them on the grass plants and one on thebarbe^^

In eariv sprint, the first generation is found on the dead

"'a^n^af-sheaths 'of grass P^anjsjm which h

disease has hibernate^) F—^^^^J/^tK
appearance of thm black streaiis. " "=

x „« „ tn-pat

i^croscope these streaks are seen to
«°°fn* f^^^^^f^^J

number of minute twoceUed and t^^f7^"^,^ of a s^ •

^reproductive bodie^
f^irSL^Vav: tuW^

b^pSe?mif-^°^»^^^^

rtLViVT^^sir^Stur^SYS^^^^^^
•the spore^ells gernuz^tes by emit.^g^a fi^^^^

^l atd^illiSin^nlhe leav^es of a barb^n. plant
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60on germinate by pushing out a small tube whieb per-

forates the epidermis and thus gains access to the interior

of the leaf, where it branches copiously, and forms a mass

of thread-like tissue called mycelium. The germ-tubes of

sporidia are unable to enter the leaves, .".c., of grass plants.

Ii> from si.K to ten days this mycelium gives rise to flask-

sbaped bodies called spermogonia (vol. ix. p. 831, fig. 2

B, ep), immediately under the surface of the leaf (usually

the upper one), but breaking through it at the neck of the

flask, out of which there protrudes a bunch of hairs.

Within the flasks are f'^rmed at the end of stalks many
exceedingly small oval bodies called spermatia, which escape

through the neck. The function of these bodies has not yet

been definitely made out, but that they bear a very strik-

ing resemblance to the male sexual organs of other fungi

there can be no doubt. In the same leaves and on the same

mycelium there arise several days later numerous basin-

shaped bodies containing erect stalks, bearing at the apex

a number of round aecidiospores (reproductive bodies) in

vertical series (vol. ix. p. 831, fig. 2 B, a). These con-

stitute the second generation. On their escape they

germinate by emitting a tube which, if the host on which

they fall be a grass plant, enters the leaf through one of

the stomata in the epidermis, and there by branching forms

a new mycelium. On this there soon appears, bursting

through the epidermis, a new generation consisting of round

or oval uredospores produced at the end of stalks (vol. ix.

p 831, fig. 2 C). The uredospores constantly reproduce

this generation, and in such abundance that the grain crops

OM extensively ravaged by its attack. It is in this genera-

tion that the term mildew is popularly given to the fungus.

Later in autumn on the same mycelium the two-celled

teleutospores appear, and these after hibernating renew in

ppring the life-history. This very remarkable cycle of

generations was first traced by Professor de Bary.
Tlis Hop-Mildew (Sphmrotheca Casiaijiiei, Lev., Order Erysi-

phea) is a parasitic disease of the hop, though it is often to be
found ou many other plants, such as Potmlilla, Spirma, Epilobiitm,
balsams, cucumbers, dandelions, plantains, &c. The threadlike
mycelium appears on the j'oung shoots and leaves of the hop in
white spots, which gradually extend and finally unite. This
mycelium bears in^ny min;>te, round conceptacles (perithecia) which
with their supporting threads are brown-coloured. Within each
peritbecium is found a somewhat oval body termed an ascus, con-
taining eight ascospores (reproductive bodies).

The Viiu-Mildcw (Erijsiphe Tufkeri, Berk., Order Erysiphcse) is

known only in one generation—called the oidium stage. Soon after
the flowering of the vine the attack takes place on the young leaves,
from which the thin white mycelium spreads rapidly to the older
leaves and twigs, which it does not appear to affect so injuriously.
The chief damage is done to the grapes while they arc in a very
immature condition. The mycelium which travels over the surface
sends down at intervals into the tissues short irregular protuber-
ances called haustoria, which perform for it the functions of roots.
Above these riae from the mycelium short stalks bearing each a single
oval spore at the apex. The disease spreads on the same plant not
only by the extension of the mycelium but by the scattering and
germination of the spores. Here no perithecia are known.
The Paper-ifildcw (AscoMcha chaHarum, Berk. , Order Erysiphcse)

Sows ou damp paper, and therefore is saprophytic in its mode of
e. It consists at first of a branching filamentous mycelium on

which minute globular spores occur. Finally a round brown peri-
thecium is formed among the threads which appear as radiating
from it. Within the peritbecium are numerous I'.aenT asci contain-
ing each a row of dark elliptic ascospores.
For the Erysiphese generally see FuxoL's, '^L ix. p. 833.

1I7LETUS, an ancient city on the southern shore of
the T^atmic Gulf opposite the mouth of the Mseander.
Before the Ionic migration it was inhabited by the Carians
[IHadu 876; Herod, i. 146); other authorities call the
original people Leleges, who are always hard to distinguish

from Carians. The Greek settlers from Pylus under
(feleus massacred all the men in the city, and built for
themselves a new city on the coast. It occupied a very
favourable situation at the mouth of the rich valley of
the Mieander, and was the natural outlet for the trade

of southern Phrygia (Hipponax, Fr. 45); it had four

harbours, one of considerable size. Its power extended

inland for some distance up the valley of the Mceander,

and along the coast to the south, where it founded the city

of lasus. Tbe trade with the. Black Sea, however, was

the greatest source of wealth to the Ionian cities. Miletus

like the rest turned its attention chiefly to the north, and

after a time it succeeded in almost monopolizing the traflic.

Along the Hellespont, the Propontis, and the Black Sea

coasts it founded more than sixty cities—among them

Abydus, Cyzicus, Sinope, Dioscurias, Panticapoeum, and

Olbia. All these cities were founded before the middle of

the 7th century ; and before 500 B.C. Miletus was decidedly

the greatest Greek city. During the time when the enter-

prise and energy of the seafaring population, the auvavra.^,

rai.?ed jliletus to such power and wealth, nothing is known
of its internal history. The analogy of all Greek cities,

and some casual statements in later writers, suggest that

the usual bloody struggles took place between the oligarchy

and the democracy, and that tyrants sometimes raised

themselves to supreme power in the city ; but no details

are known. Miletus was equally distinguished at this early

time as a seat of literature. The Ionian epic and lyric

poetry indeed had its homo farther north
;
philosophy and

history were more akin to the practical race of Miletus,

and Thales, Anaximander, Anaximenes, Hecataeus, all

belonged to this city. The three Ionian cities of Caria

—

Miletus, Myus, and Priene—spoke a peculiar dialect of

lonic.i

When the Mermnad kings raised Lydi^ to be a great

military kingdom, Miletus was their strongest adversary.

War was carried on for many years, till Alyattes concluded

a peace with Thrasybulus, tyrant of Miletus ; the Milesians

afterwards seem to have peaceably acknowledged the rule of

Croesus. On the Persian conquest Miletus passed under a

new master ; it headed the revolt of 500 B.C., and was
taken by storm after the battle of Lade. Darius treated

it with peculiar severity, massacred most of the inhabitants,

transported the rest to Ampe at the mouth of the Tigris,

and gave up the city to the Carians. Henceforth the

history of Miletus has no special interest ; it revived indeed

when the Persians were expelled from the coast in 479 B.C.,

and ivas a town of commercial importance throughout the

GrKco-Roman period, when it shared in the general fortunes

of the Ionian cities under the rule of Athenians, Persians,

JIacedonians, Pergamenians, and Romans in succession.

Its harbours, once protected by Lade and the other

Tragusasan islands, were gradually silted up by the

Mffiander, and Lade is now a hill some miles from the coast.

Ephesus took its place as the great Ionian harbour in the

Hellenistic and Roman times. It was the seat of a

Christian bishopric, but its decay was sure, and its site is

now a marsh.

See Schropiler, ComnienL de Reb. MiUs.; Soldan, Rcr. Miles.
Comment. ; Rayct tlilet ct leGolfe Lntmiquc; Head, "Early Elec
trum Coins," in Ifumism. Chron., vol. xvi.

MILFORD, a seaport, market-town, and contributory
parliamentary borough (one of the Pembroke district)

of Pembrokeshire, South Wales, is finely situated on
the north side of Milford Haven, about 8 miles west-

north-west of Pembroke. The land-locked estuary of

Milford Haven stretches about 10 miles inland, with a

' The coinage of Miletus during thia early period is an important
subject on account of the wide commercial connexions of the city.

The early electrum coinage belongs to the Phcenician or Grieco- Asiatic
standard, which was introduced from Phoenicia and spread over many
of the Ionian and Thracian cities through the influence of Milesian
trade. Very archaic coins of Miletus, Ephe.sns, Cyme, and Sardis are
known of this standard, and at a somewhat later date of Chios, Samosi,
Clazomena?, Lampsacus, Abydus, and Cyzicus. The lion is the regular
Milesian type, often with a star beside or above him.
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breadth of from 1 to 2 miles. In most places it has a
depth of from 15 to 19 fathoms, and, as it is completely
sheltered by hills, vessels can ride in it at anchor in all

kinds of weather. The royal dockyard, founded at

Milford in 1790, was remored in 1811, and from that time
trade has been in a languishing condition. The town
possesses iron-works. The shipping trade is confined

chiefly to coasting vessels, but with the completion of new
docks, capable of receiving vessels of the largest tonnage,

ft is supposed that a considerable trade may be carried on
with America. The population of the urban sanitary dis-

trict in 1871 wp 3252, and in 1881 it was 3813.
MILFORD, a post-village of the United States, in

Worcester county, Massachusetts, lies 34 miles southwest
ol Boston, at the junction of the Milford branch of the

Boston and Albany Railroad with the Hopkinton, Milford,

and Woonsocket Railroad. It is one of the principal seats

(rf the boot manufacture in New England, and also pro-

duces large quantities of straw goods. The population

was 9310 in 1880.

MILICZ, or MrLiTSCH, of Kremsier, Moravia, was the
most hjLuential among those preachers and writers in

Moravia and Bohemia who during the 14th century paved
the way for the reforming activity of Huss and through
him for that of Luther. He was born about 1325, was
already in holy orders in 1350, in 1360 was attached to

the court of the emperor Charles TV., whom he accompanied
into Germany in that year, and about the same time also

held a canonry in the cathedral of Prague along with the

dignity of archdeacon. About 1363 he resigned all his

appointments that he might become a preacher pure and
simple ; he addressed scholars in Latin, and (an innovation)

the laity in their native Czech, or in German, which he
acquired for the purpose. The success of his labours in

reclairhing the fallen made itself apparent in the reforma-

tion of a whole quarter of the city of Prague. As he dwelt

more and jnore on ecclesiastical abuses and the corruption

of the clergy, and viewed them in the light of Scripture,

the conviction grew in his mind that the " abomination of

desolation " was now seen in the temple of God, and that

antichrist had come, and in 1367 he went to Rome (where
Urban Y. was expected from Avignon) to expound these

views. He aflBxed to the gate of St Peter's a placard

announcing his sermon, but before he could deliver it was
thrown into prison by the Inquisition. Urban, however,

on his arrival ordered his release, whereupon he returned to

Prague, and from 1369 to 1372 preached daily In the Teyn
Church there. In the latter year the clergy of the diocese

complained of him to the papal court at Avignon, whither

he was summoned in Lent 1374, and where he died before

his case was decided. He was the author of a Libellus de

Antichristo, written in prison at Kome, a series of Postillx

and Lecttones Quadragesiinalei in Latin, and a similar

series of Postih in Czech.

MILITARY FRONTIER (German, Militargreme

;

Slavonic, GraiiiUu), a narrow strip of Austrian-Hungarian
territory stretching along the borders of Turkey, which

had for centinies a pectdiar military organization, and from

1849 to 1873 constituted a crown-land. As a separate

division of the monarchy it owed its existence to the

necessity of maintaining during the ISth, 16th, and 17th

centuries a strong line of defence against the invasions of

the Turks, ^nd may be said to have had its origin with

the establishment of the captaincy of Zengg by Matthias

Corvinus and the introduction of Uskoks (fugitives from

Turkey) into the Warasdin district by the emperor

Ferdinand L By the close of the 17th century there were

three frontier '• generalates "—Carlstadt, Warasdin, and

Petrinia (the last also called the Banal). After the defeat

of the Turkish power by Prince Eugene it was proposed to

abolish the military constitution- oi the frontier, but the
change was successfully resisted by the inhabitants of the
district ; on the other hand, a new Slavonian frontier dis-

trict was established in 1702, and Maria Theresa extended
the organization to the march-lands of Transylvania (the
Szekler frontier in 1764, the Wallachian in 1766).i

As a reward for the service it rendered the Govenunent.
in the suppression of the Hungarian insurrection in 1848,

'

the Military Frontier was erected in 1849 into a crown-land,
with a total area of 15,182 square miles, and a population
of 1,220,503. In 1851 the Transylvanian portion (1177
square miles) was incorporated with the rest of Transyl-
vama

, and in 1871 effect was given to the imperial decree
of 1869 by which the districts of the Warasdin regimenis
(St George and the Cross) and the towns of Zengg, Belovar,
IvaniS, &c., were " provincialized " or incorporated with
the Croatian-Slavonian crown-land. In 1872 the Bauat
regiments followed suit, and iu 1873 the old military

organization was abohshed in aU the rest of the frontier.

Not till 1881, however, were the Croatian-Slavonian

march-lands completely merged in the kingdoms to which
they naturally belonged.

The social aspect of the military frontier regime ia interesting,

A commnnal system of land tenure natural to the old Slavouiana
was artificially kept in existence. The mark or plot of ground
assigned to the original family of settlers remained the property ol

the family as such, and could not be portioned out among the several

members. In this way the house-community, all under the rule

of the same house-father and house-mother (who were not neces-
sarily map and wife, nor the oldest members of the community),
and all living within the same palisade, sometimes came to num-
ber two or three hundred persons. The "family" dined in a com-
mon hall, and after dinner discussed and settled matters affecting

the common weal. Every man possessing real property in the
cotmtry, and capable of bearing anns, was liable to military service

from his twentieth year. The house-communities are now begin-
ning to avail themselves of the permissive partition laws, and
strangers are free to come and acquire property in land. Watch-
towers with wooden clappers and the beacons which flashed the
alarm along the whole frontier in a few hours are still features in

the landscape.

MILITARY LAW consists of the statutes, rules of pro-

cedure, ro^al warrants, and orders and regulations which
prescribe and enforce the public obligations of the oflScers,

soldiers, and others made subject to its provisions. Its

essential purpose is the maintenance of discipline ; but it

also includes the administrative government of the military

forces of the state, more especially in the matters of enlist-

ment, service, and billeting. The term "martial law"
sometimes applied to it is, as regards modem times at least,

a misnomer. For martial law as it is now understood

applies not only to military persons but to the civil com-
munity, and may be described generally as the abrogation

of ordinary law and the substitution for it of military

force uncontrolled save by what, in the discretion of the

commanding general, may be considered the necessity of

the case.

The military law of England in early times existed, Uke
the forces to which it applied, in a period of war only.

' By 1848 the following had come to be the division of the Military

Frontier .—(1) Tfce CaHstadt (Carlotcitz), Warasdin, and Banal
Oeneralate : the Licca Kegiment (headquarters at Gospich), the Otto-

chaz Kegiment (Ottochaz), the Ogiilin (Ogulin), the Sluin (Carlstadt),

the Cross (Belovar), the St George's (Belovar), the 1st Banal (Glina),

the 2d Banal (Petrinia). (2) The Slavonian GeneralaU: the Gradiska

Regiment (Neu Gradislca), thf Brood Regiment (Tinkovcze), the Peter-

wardein (Ifitrovicz), the Tchaikist Battalion (Titel). C3) The Banat
Generalate : the German Banat Regiment (Pancsova), the WaU:(fhlan

Bsnat (Karaasebes), the lUyrian Banat (Weisskirchen). (i) Tht Tran-

sylvanian Oeneralate: The Szekler Regiment No. 14 (Csik Szereda),

the Szekler Begiment No. 16 (Keszdi Vasarhely), the Wallachian No.

16 (Orlath), the Wallaoliian .No. 17 (Naszod). Twelve towns, knowi.

as "military commnnities, " had communal constitntiona not nnUke
those of the free towns of Hungarj-—Cariopago, Zengg, Petrinia, Kos-

tainicza, Belovar, IvaniS, Brood, Peterwardein. Corlowitz, Bemlin,

Pancsova, and Weisakirchen.
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Troops were raised for a particular service, and were dis-

banded upon the cessation of hostilities. The crown, of its

mere prerogative, made laws known as Articles of War,

for the government and discipline of the troops while thus

embodied and serving. Except for the punishment of

desertion, which offence was made a felony by statute in

the reign of Henry VI., these ordinances or Articles of

War remained almost the sole authority for the enforce-

ment of discipline until 1689; when the first Mutiny Act

was passed and the military forces of the crown were

brought under the direct control of parliament. Even the

Parliamentary forces in the time of Charles I. and Cromwell

were governed, not by an Act of the legislature, but by

articles of war similar to those issued by the king and
authorized by an ordinance of the Lords and Commons,
exercising in that respect the sovereign prerogative. This

power of law-making by prerogative was, however, held to

be applicable during a state of actual war only, and

attempts to exercise it in time of peace were ineffectual.

Subject to this limitation it existed for considerably more
than a century after the passing of the first Mutiny Act.

From 1689 to 1803, although in peace time the Mutiny
Act was occasionally suffered to expire, a statutory power
was given to the crown to make Articles of War to operate

in the colonies and elsewhere beyond the seas in the same
manner as those made by prerogative operated in time of

war. In 1715, in consequence of the rebellion, this power
was created in respect of the forces in the kingdom. But
these enactments were apart from and in no respect affected

the principle acknowledged all this time that the crown of

its mere prerogative could make laws for the government
of the army in foreign countries in time of war. The
Mutiny Act of 1803 effected a great constitutional change
in this respect : the power of the crown to make any
Articles of War became altogether statutory, and the pre-

rogative merged in the Act of Parliaments So matters
remained till the year 1879, when the last Mutiny Act
was passed and the last Articles of War were promulgated.

The Mutiny Act legislated for offences in respect of which
death or penal servitude could be awarded, and the

Articles of War, wlule repeating those provisions of the

Act, constituted the direct authority for dealing with
offences for which imprisonment was the maximum punish-

ment as well as with- many matters relating to trial and
procedure. The Act and the Articles were found not to

harmonize in all respects. Their general arrangement was
faulty, and their language sometimes obscure. In 1869 a
royal commission recommended that both should be recast

in a simple and intelligible shape. In 1878 a committee
of the House of Commons endorsed this view and made
certain recommendations as to the way in which the task

should be performed. In 1879 the Government submitted
to parliament and passed into law a measure consolidating

in one Act both the Mutiny Act and the Articles of War,
and amending their provisions in certain important respects.

This measure was called the "Army Discipline and
Regulation Act, 1879." After one or two years' experience

of its working it also was found capable of improvement,
and was in its turn superseded by the Army Act, 1881,
which now forms the foundation and the main portion

of the -military law of England. It contains a proviso

saving the right of the crown to make Article of War,
but in such a manner as to render the power in effect

a nullity ; for it enacts that no crime made punishable by
the Act shall be' otherwise punishable by such Articles.

As the punishment of every conceivable offence is provided

for by the Acty any Articles inade thereunder can be no
more than an empty formality having no practical effect.

Thus the history of English military law tip to 1879 may
be divided into three periods, each having a distinct con-

stitutional aspect :—(1) that prior to 1689, when the army,

being regarded as so many personal retainers of the

sovereign rather than servants of the state, was mainly

governed by the will of the sovereign ; (2) that between

1689 and 1803, when the army, being recognized as ,a per-

manent force, was governed within the realm by statute

and without it by the prerogative of the crown ; and (3)

that from 1803 to 1879, when it was governed either

directly by statute or by the sovereign under an authority

derived from and defined and limited by statute. Although

in 1879 the power of making Articles of War became in

effect altogether inoperative, the sovereign was empowered

to make rules of procedure, hanng the force of law, which

regulate the administration of the Act in many matters

formerly dealt with by the Articles of War. These rules,

however, must not be inconsistent with the provisions of

the Army Act itself, and must be laid before parliament

immediately after they are made. Thus in 1879 the

government and discipline of the army became for the first

timR completely subject either to the direct action or the

close supervision of parliament.

A further notable change took place at the same time.

The Mutiny Act had been brought into force on each

occasion for one year only, in compliance with the con-

stitutional theory that the maintenance of a standing army
in time of peace, unless with the consent of parliament, is

against law. Each session therefore the text of the Act

had to be passed through both Houses clause by clause and
line by line. The Army Act, on the other hand, is a fixed

permanent code. But constitutional traditions are fulTy

respected by the insertion in it of a section providing that

it shall come into force only by virtue of an annual Act of

Parliament. This annual Act recites the 'illegaLity of a
standing army in time of peace unless with the consent of

parliament, and the necessity nevertheless of maintaining a

certain number of land forces (exclusive of those serving

in India) and a body of royal marine forces on shore, and

of keeping them in exact discipline, and it brings into force

the Army Act for one year.

MUitary law is thus chiefly to be found in the Army Act
and the rules of procedure made thereunder, the Militia Act,

1882, the Reserve Forces Act, 1882, and the Volunteer

Act, 1863, together with certain Acts relating to the

yeomanry, and various royal warrants and regulations

The Army Act itself is, however, the chief authority.

Although the complaint has been sometimes made, and not

without a certain amount of reason, 'that it does not accom-

plish much that it might in point of brevity, simplicity,

and clearness of expression, it is a very comprehensive

piece of legislation, and shows some distinct improvements

upon the old Mutiny Acts and Articles of War.
The persons subject to military law are the officers on

the active list and the soldiers of the regular forces (includ-

ing the royal marines), the permanent staff of the auxiliary

(i.e., the militia, volunteer, and yeomanry).force.s, and the

officers of the militia. The above persons are amenable to

its provisions at all times except while embarked on board
a commissioned ship of the royal navy, when they become
subject to the Naval Discipline Act and certain orders in

council made under its authority, fhose who are subject to

military law in certain circumstances only are—officers and
men while serving in a force raised out of the United
Kingdom and commanded by an officer of the regular

forces
; pensioners when employed in military service

under the command of a regular officer ; the non-com mi-i

sioned officers and men of the militia, during training,

when attached to the regulars or when permanently
embodied ; the officers of the yeomanry and the volunteeri*

when in command of or attached to a body of men subject

to military law, or when their corps is on actual nkVitary
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service, or when ordered on duty with their own consent

;

the men of the yeomanry when they or their corps are being
trained, when they are attached to or acting With the

regular forces, when their corps is on actual military service,

or when serving in aid of the civil power ; the men of the
volunteers when they are being trained with or are attached
to any body of troops, or when their corps is on actual
military service ; the men of the army reserve and the

militia reserve whea called out for training or on duty in

aid of the civil power ; any person who in an official

capacity equivalent to that of an officer accompanies a
l>ody of troops on active service boyond the seas ; any
person accompanying a force on active service holding a
pass from the general entitling him to be treated on the

footiiig of an officer. In this last category would of course

be included newspaper correspondents, also sutlers and
followers. In one or two cases persons are subjected

to military law to a limited extent and in respect only of

certain offences. Thus a militiaman even when not out

for training or not embodied is liable to a military trial

and punishment for fraudulent enlistment or making a

false answer on attestation. In the same manner an army
reserve man may be tried and punished by court martial

for neglect to appear at the place where he is bound
periodically to report himself, or for insubordination to his

superiors on these occasions, or for any fraud in connexion

with the receipt of his pay. A man of the army reserve

or the militia reserve has the legal status of and in fact

becomes a regular soldier when called out on occasions of

national danger or emergency under the sovereign's pro-

clamation.

When a person subject to military law commits an

offence he is taken into military custody, which means

either arrest in his own quarters or confinement. He
must without unnecessary delay be brought before his

commanding officer, who upon investigating the case may
dismiss the charge if in his discretion he thinks it ought

not to be proceeded with, or may take steps to bring the

offender before a court martial. Where the offender is not

an officer he may dispose of the case summarily, the limit

of his power in this respect being seven days' imprison-

ment with hard labour, fines not exceeding 10s. for

drunkenness, certain deductions from pay, confinement to

barracks for twenty-eight days, this involving severe extra

drills, deprivations, and other minor punishments. Where

the offence ia absence without leave for a period exceeding

seven days, the commanding officer may award a day's

imprisonment in respect of each day of such absence up

to twenty-one. It is only in the case of the imprisonment

exceeding seven days that the evidence before the com-

manding officer is taken on oath, and then only in the

event of the accused so desiring it. The commanding

officer ia enjoined by regulation not to punish summarily

the more serious kind of offences, but his legal jurisdiction

in this respect is without limit as regards any soldier

brought before him, and when he has dealt summarily

with a case the accused is free from any other liability in

respect of the offence thus disposed of. In any instance

where the commanding officer has summarily awarded

imprisonment, fine, or deduction from pay, the accused

may claim a district oourt martial instead of submitting

to the award.

Ordinary courts martial are of thjee kinds, viz.}^(l) a

regimental court martial, usually convened and confirmed

by the commanding officer of the regiment or detachment,

presided over by an officer not under the rank of captain,

composed of at least three officers of the regiment or

detachment with not less than one year's service, and

having a maximum power of punishment of forty-two days'

imprisonment with hard labour ; (2) a district court

martial, usually convened by the general of the district,

consisting in the United Kingdom, India, Malta, and'

Gibraltar of not less than five and elsewhere of not less

than three officers, each with two years' service or more,

and having a maximum power of punishment of two years'

imprisonment with hard labour
; (3) a general court martial,

the only tribuUal having authority to try a commissioned
officer, and with a power of punishment extending to death

or penal servitude, for offences for which these penalties

are authorized by statute ; it consists of not less than

nine officers in the United Kingdom, India, Malta, and
Gibraltar and of five elsewhere, each of whom must have
over three years' service, five being not under the rank of

captain. There is another kind of tribunal incidental to

service in the field, or where, in the case of an offence

against the person or property of an inhabitant, an ordinary

court martial cannot be held, namely, a field general court

martial. This court may consist of three officers only, and
it has the power of sentencing to death. Another kind of

court, called a summary court martial, may be held where

an offence has been committed upon active service and an

ordinary court cannot be conveniently assembled. In the

event of three officers not being available it may consist of

two. When thus constituted it can award only a "summary
punishment" or imprisonment; where it consists of three

officers, however, it can sentence to death. In the case of

a field general or a summary court martial many forms

and precautions prescribed in the case of ordinary courts

are not necessarily observed, the whole proceeding being

from the necessity of the case a somewhat rough and ready

means of dealing promptly with crime.

The Army Act prescribes the maximum punishment which may
be inflicted in respect of each offence. That of death is incurred

by various acts of treachery or cowardice before the enemy, or by

when on active service interfering with or impeding authority, leav-

ing without orders a guard or post, or when sentry sleeping or being

drunk on a post, plundering or committing an ofTence against "the

person or property of an inhabitant, intentionally causing false

alarms, or deserting. Whether upon active service or not, a soldier

also becomes liable to the punishment of death *ho mutinies or in-

cites to or joins in or connives at a mutiny, who uses or offers violence

to or defiantly disobeys the lawful command of his superior officer

when in the execution of his office. Penal servitude is the maximum
punishment for various acts and irregularities upon active service

not distinctly of a treacherous or wilfully injurious character, for

using or offering violence or insubordinate language to a superior, or

disobeying a lawful command when upon active service. The same

punishment is applicable when not upon active .service to a second

offence of desertion or fraudulent enlistment (i.e., enlistment by

one who already belongs to the service), certain embezzlements of

public property, wilfully releasing without authority a prisoner or

wilfully permitting a prisoner to escape, enlisting when previously

discharged from the seivice with disgrace without disclosing the

circumstances of such discharge, or any other offence which by the

ordinary criminal law of England is punishable with penal ser-

vitude. Imprisonment with hard labour for two years is the

maximum punishment for minor forms and degrees of those offences

which if committed upon active service would involve death or

penal servitude, such as using or offering violence or insubordinate

language to a superior or disobeying a lawful command, and for the

following offences:—resisting an escort, breaking out of barracks,

neglect of orders, a first offence of desertion or attempted desertion

or aiding or conniving at desertion, or of fraudulent enlistment,

absence without leave, failure •Jo appear at parade, going beyond

prescribed bounds, absence from school, malingering or produc-

ing disease or infirmity, maiming with intent to render a soldier

unfit for service, an act of a fraudulent nature, disgraceful con-

duct of a cruel, indecent, or unnatural kind, drunkenness, releasing a

prisoner without proper authority or allowing him to escape, being

concerned in the unreasonable detention of a person awaiting tnaj.

escaping or attempting to escape from lawful custody, conniving at

exorbitantexactions, making away with, losing byneglect, or wilfully

injuring miUtary clothing or equipments, iU-treating a horse used

in the service, making false or fraudulent representations in public

documents, making a wilfully false accusation against an officer or

soldier, making a false confession of desertion or fraudulent enlist-

ment or a false statement in respect of the prolongation of furlough

misconduct as a wihiess before a court martial or contempt of such

court giving false evidence on oath, any offence specified in relation
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to billeting or the impressment of carriages, making a false answer

to a question put upon attestation, being concerned in unlav.-ful

enlistment, using traitorous or disloyal words regarding the

sovereign, disclosing any circumstance relating to tne numbere,

position, movements, or other ciicumstances of any part of her

majesty's forces so as to produce effects injurious to her majesty's

service, fighting or being concerned in or conniving at a duel,

attempting suieido, obstructing the civil authorities in the apprehen-

sion of any officer or soldier accused of an offence, any conduct,

disorder, or neglect to the prejudice of good order and military dis-

cipline, any ofl'euce which if committed in England would be punish-

ible by the law of EnglaniL There is another offence which can be

:omnutted by officers only, namely, " scandalous conduct unbecom-

ing the character of an officer and a gentleman." It necessitates

cashiering, a punishment which in the case of an officer may be

•warded as an alternative to imprisonment in several other instances.

There is also an offence peculiar to officers and non-commissioned

officers, that of striking or ill-treating a soldier or unlawfully

letaining his pay. A sentence of cashiering as distinguished from

that of dismissal in the case of an officer involves an incapacity to

serve the crown again. An officer may be also sentenced to forfeiture

)f senioiity of rank and to reprimand or severe reprimand. A
aon-com missioned officer may be sentenced to be reduced to a lower

jrade or to the ranks, and where sentenced to penul servitude or

imprisonment is deemed to be reduced to the ranks. The com-
ooander-iu-chief at home or the commander-in-chief in India or in

titber of the presidencies may also cause a non-commissioned officer

to be rcducea to a lower grade or to the ranks. An acting non-

jommLssioned officer may be ordered by his commanding officer for

ui offencs or for inefficiency or otherwise to revert to his per-

manent grade, —in other words, to forfeit his acting rank.

It will have been observed that persons subject to military law
ire liable to be tried by court martial for offences which if com-
mitted in England would be punishable by the ordinary law, and to

suffer either the punishment prescribed by the ordinary criminal

law or that authorized for soldiers who commit offences to the

f)rejudice of good order and military discipline. The effect of the

after alternative is that for many minor offences for which a civilian

is liable to a short term of imprisonment, or perhaps only to a fine,

a soldier may be awarded two years' imprisonment with hard labour.

A court martial, however, cannot take cognizance of the crimes of
treason, murder, manslaughter, treason-felony, or rape if committed
in the United Kingdom. If one of these offences be committed in

any place within her majesty's dominions other than the United
Kingdom or Gibraltar, a court martial can deal with it only if it be
committed on active service or in a place more than 100 miles from
a civil court having jurisdiction to try the offence. 'With regard to

all civil offences the military law, it is to be understood, is subor-
dinate to the ordinary Jaw, and a civilian aggrieved by a soldier

in respect of a ' criminal offence against his property or person
does not forfeit his right to prosecute the soldier as if he were a
civilian.

The crimes for which soldiers are most usually tried are desertion,
ibsence without leave, loss of necessaries, violence or insubordina-
ion to superiors, drunkenness, and various forms of conduct to the
.irejudice of discipline. The punishments are generally speaking
;auged as much with regard to the character and antecedents of
the prisoner as to the particular offence. For a first offence of an
ordinary kind a district court martial would give as a rule fifty-six
days' imprisonment with hard labour, for a second or graver crime
eighty-four days. There are not many instances in which the
period of imprisonment exceeds six months. Corporal punishment,
which had been practically limited to offences committed upon
active service, and in 1879 to crimes punishable with death, was
finally abolished in 1881, and a summary punishment substituted.
This summary punishment includes the liability for a term of three
months to be kept in iron- fetters and handcuffs, and while so kept
to be attached to a fixed object so that the offender may remain in
a fixed position for a period not exceeding two hours in the day for

not more than three out of any four consecutive days and for not
more than twenty-one days in the aggregate. The offender may
also be subjected to the like labour and restraint, and may be dealt
with in the same manner as if sentenced to hard-labour imprison-
ment. But these summary punishments are to bo inflficJid so as

not to cause injury to health or leave a permanent mark on the
offender. The first instances in which this kind of punishment
waa inflicted occurred during the campaign of 1882 in Egypt.
Estimated by the results, the abolition of flogging does not appear
to have injuriously affected discipline, the conduct of the troops in

Egypt having been exceptionally good. The practice of marking a
soldier with the letters "D" (deserter) or "uC" (bad character),

in order to prevent his re-enlistment, waa abolished about a dozen
years ago in deference to public opinion, which erroneously adopted
the idea that the "marking" was effected by red-hot irons or in

some other manner involving torture. Military men for the mo.st

part regret its abolition, and maintain that if the practice were still

in force the army would not be tainted by the presence of many bad

characters who find means of eluding the vigilance of the authorities

and enlisting after previous discharge.

The coui-se of procedure in military tiials is as follows. When a

soldier is remanded by his commanding officer for trial by a district

or general court martial, a copy of the charge, together with the

statements of the witnesses for the prosecution (called the sum-

mary of evidence), is furnished to him, and he is given proper oppor-

tunity of preparing his defence, of communicating with his witnesses

or legal adviser, and of procuring the attendance of his witnesses.

Further, if he desires it, a list of the officers appointed to form the

court shall be given him. Any officer is disqualified to sit as a

member who has convened the court, who is the prosecutor or a

witness for the prosecution, who has made the preliminary inqury

into the facts, who is the prisoner's commanding officer, or who has

a pei-sonal interest in the case. The prisoner may also object to

any officer on the giouud of bias or prejudice similarly as a civilian

might challenge a juror. Except as regards the delay caused by
the writing out of the evidence, the procedure at a court martial

is very much the same as that at an ordinary criminal trial,—the

examination and cross-examination of the witnesses, addresses of the

prosecutor and prisoner, and the rules governing the admission or

rejection of evidence being nearly identical. At a general court

martial, and somerimes at a district court, a judge advocate repre-

senting the judge advocate general officiates, his functions being very

much those of a legal assessor to the court. He advises upon all points

of law, and sums up the evidence just as a judge charges a jury.

\VTien the prisoner pleads guilty the court finds a veidict accord-

ingly, reads the summary of evidence, hears any statement in

mitigation'of punishment, and takes evidence as to character beforo

proceeding to pass sentence. The sentence is that of the majority

of the court, except where death is awarded, when two-thirds of the

members in the case of a general court martial and the whole in

that of a field general court martial must concur. When an acquittal

upon all the charges takes place the verdict is announced in open
court, and the prisoner is released without any further proceeding.

When the finding is "guilty," evidence as to character is taken,

and the court deliberates in private upon the sentence, but the
result is not made known until the proceedings are confirmed and
promulgated. No conviction or sentence has any effect until it is

thus confirmed by the proper authority. The confirming authority

in the case of a regimental court is the commanding officer, in that

of a district court martial the general officer comipanding the
district, and in that of a general court, if held in the United
Kingdom her majesty, and if abroad in mpst cases the general officer

commanding. The confirming authority may order the reassembling
of the court in order that any question or iricgujarity may be revised

and corrected, but not for the purpose of increasing a sentence. He
may, however, of his own discretion, and without further reference

to the court, refuse confirmation to the whole or any portion of the
finding or sentence, and he may mitigate, commute, or entirely

remit the punishment. In the case of a general court martial

the proceedings are sent to the judge advocate general, who submits
to the queen his opinion as to the legality of the trial and sentence.

If they are legal in all respects he sends the proceedings to the
commander-in-chief, upon whom rests the duty of advising the queen
regarding the exercise of clemency. In addition to confirmation,

however, every general or district court martial held out of India

has another ordeal to go through. It is reviewed and examined in

the office of the judge advocate general, and any illegality that may
be disclosed is corrected and the prisoner is relieved of the con-

sequences. To a certaiu extent a protection against illegality also

exists in the case of regimental courts martial. A monthly return
of those held in each regiment is laid before the general command-
ing the district or brigade, by whom any question tliat.might appeal
to him doubtful would be referred to the adjutant general or the
judge advocate general for decision. It is to bo noted, however, thai
the judgi) advocate general, although fulfilling duties which are in

their nature judicial, is only an adviser. He is not actually a judge
in an executive sense, and has no authority directly to interfere with
or correct an illegal conviction. In many cases the law thus pro-
vides no remedy for an officer or soldier who may have been wronged
by the finding or sentence of a court martial, - -for instance,
through a verdict not justified by the evidence or through a non-
observance of the rules and practice prescribed for these tribunals
A person who has suffered injustice may appeal to the Queen's Bench
division of the high court of justice. But, speaking generally, that
tribunal would not interfere with a court maitiol exercising its

jurisdiction within the law as regal ds the prisoner, the crime, and
the sentence. In most cases, therefore, the virtual protector of an
accused person against illegality is the judge advocate general,
who personally advises the queen and the military authorities that
the law shall ho complied with. As a privy councillor and member
of the House of Commons that officer is responsible both to the
queen and to parliament for the right and due administration of
military law; and, not\vithstanding his want of direct executive
authority, it is not to be contemplated that any military officer
would hesitate to act upon advice given by Ijim with reference to a
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legitl question connected with a court martial. The department of
the judge advocate general consista of the judge advocate general.
who ia a lawyer, a privy councillor, and a member of parliament.
of a permanent deputy judge advocate general who is also a lawyer,
and of three military oiBcers as deputy judge advocates havin"
special experience in the working of military law.
The Army Act applies to European ofBcera and soldiers serving in

Jndia in the same manner as to the rest of the army, but natives
pf India are governed by their own Articles of War, and in the case
of civil offences they are dealt with according to 'the provisions of
the Indian penal code. The department of the judge advocate
general in India is distinct from and independent of that of the
judge advocate general of the army, and courts martial held in that
country are not subject to the supervision of a professional lawyer.
Certain prominent irregularities led to the appointment of a
barrister as judge advocate general in India in 1869. but after a few
/ears that appointment again became filled by a military officer.

The staff of the department is, however, far more numerous in India
than elsewhere. There are judge advocates general for each of
the presidencies, and a deputy judge advocate at each of the more
important military centres.

Statistics of Crime in the Army.—Commissioned officers are

rarely subjected to trial by court martial. Where an officer com-
mits himself in a military sense, and his misconduct is too serious

to be passed over merely with a mark of official displeasure, he is

usually given and seldom fails to accept the alternative of resigning

his commission. In some instances the crown isadvised to exercise

its prerogative and remove him from the army on the ground that
lier majesty has no further occasion for his services. In no circum-
stances can an officer or soldier claim a court martial as a right.

In the result, the annual number of trials of officers does not average
more than four of late years. Among the non-commissioned officers

and soldiers of the arm^*however, the trials and summary punish-
ments by commanding officers are exceedingly numerous, as will

presently be seen. In India this observarion hardly holds good, for

in that country desertion ia physically almost impossible except at

the two or three seaports where troops are stationed. Absence
without leave is for a similar reason of rare occurrence, while the

fact of the troops living in their own cantonments, and being free

from many temptations of life existing in the large towns and garri-

sons at home, places them outside the influence of certain prevalent

causes of crime. For this reason mainly the proportion of courts

martial held in 1881 was 107 per 1000 men at home as compared
with 76 abroad. Similarly the proportion of minor punishments
per 1000 was 1449 at home to 1042 abroad It is also generally

found that men engaged upon active service in the field commit
less crime than those serving in ordinary circumstances. But the

general criminal statistics of the army for 1881 show a formidable

amount of crime and punishment. Upon an average strength of

181,186 non-commissioned officers and men there were 16,523 courts

martial, of which 179 were general, 8549 district, and 7795 regi-

mental courts. There were also 224,681 minor punishments by oom-
manding officers, including 44,108 fines for drunkenness. These
figures generally show an increase of crime as compared with the

two years immediately preceding, but these two exhibited a decrease

npon previous years. Of the offences tried by court martial in

1881 the following were the principal:—mutiny 7, desertion 1697,

offences in relation to enlistment (fraudulently enlisting while

already belonging to the service or making false answers upon
attestation) 1190, violence to and disobedience of superiors 1650,

minor insubordination and neglect of orders 1472, quitting or sleep-

ing on post 681, drunkenness on duty 2661, drunkenness (tried by
court martial when the offence has been committed on a fifth

occasion within twelve months) 2147, disgraceful conduct of various

kinds 660, absence without leave not amounting to desertion 3293,

making away with or losing by neglect equipment or necessaries

3768, and miscellaneous offences chiefly of an ordinary criminal

character or to the prejudice of discipline 4181. Upon the 16,523

trials there were 349 findings of acquittal. Regarding the punish-

ments awarded, it appears that no soldier was sentenced to death

during the year, and the other awards were as follows :— penal
Beryitude 104, imprisonment with or without hard labour (almost

invariably the former) 12,125, discharge with ignominy without

other punishment 42, stoppages of pay without other punishment

65, flogging (befora the abolition of that punishment by the Act of

1881) 16, and the new summary punishment (authorized as a sub-

stitute for flogging) 3. Of the non-commissioned officers 3228

were punished oy reduction to a lower grade or to the ranks, while

691 more suffered imprisonment in addition to loss of grade, the

former number being in the proportion of about 12 and the latter

of 2 per cent, to strength. Of the men tried 305 were pardoned.

Military Law of other Countries.—The administration of military

law in other countries having large armies harmonizes in many
important respects with that of England. In some indeed it is a

question whether their systems are not superior and in advance.

They have a considerable body of "auditors" or military lawyers

who expound the law and do much to secure a uniform and exact

administration of justice. Thus in Austria there are about five

hundred of these auditors, one being attached to each regiment. In
the same country there are also courts of appeal from- the courts of

first instance, tliese latter consisting of eignt persons including the
auditor. Where the prisoner is a non-commissioned officer or a

private, that rank is represented on the court- Here also the
confirmation of superior authority is required. In the German
army there are general and regimental courts. An auditor who
is a lawyer is attached to each division, and it is his duty to
expound the law, collect the evidence, and read it to the court
in the presence of the prisoner, who is asked if he has any thing to

say. The court consists of eleven members, of whom upon the trial

of a private soldier or non-commissioned officer three are of the
rank of the accused. The power of commanding officers in regard
to disciplinary punishments is greater than in the British army,
especially in relation to officers, who may be placed iu arrest for

fourteen days. The non-commissioned officers and privates are liable

to extra guards, drills, fatigues, and different degrees of arrest, some
of a very severe character. Dismissal from the army, which is re-

garded as a most severe punishment, involving civil disgrace, is

often awarded. In Russia there are three kinds of military courts

—

namely, the re|;imental court martial, the tribunals of military
districts,

, and the supreme tribunal at St Petersburg. They are

permanent courts, are attended by legal persons, and in certain

instances have jurisdiction over the civil population as well as the
army. There is a judge advocate general at St Petersburg, where
the supreme tribunal consists of general officers and high war-office

functionaries who have studied military law or possess a large

experience of its working. In Italy there are permanent military

tribunals for the trial of non-commissioned officers and soldiers,

while special tribunals are appointed to try officers. The court is

the absolute judge of the facts, but regarding legal errors or

irregularities an appeal lies to the supreme war tribunal, which con-

sists of four civilian judges and three general officers. The French
code corresponds in many respects with those of the other great

Continental armies, but it tends rather to give individual officers

large powers of imprisonment graduated according to their rank.

The chief distinctive feature of the French system is the institution

of regiments of discipline for refractory characters. When the

general officer's power of imprisonment (two months) is exhausted

the offender may be sent before a court of discipline and by them
drafted into a compagnie de diseipline ; and cases of habitual miscon-

duct are thus dealt with, the man being struck off the strength of

his original corps and transferred to one in Algeria. The military

law of the United States is founded upon and proceeds much upon
the same lines as that of England. (J. C. O'D.

)

MILITAKY TACTICS. See Wak.
MILITIA. The militia of the United Kingdom

consists of a number of officers and men maintained for

the purpose of augmenting the military strength of the

country in case of imminent national danger or great

emergency. In such a contingency the whole or any part

of the nulitia is liable, by proclamation o.f the sovereign,

to be embodied,—that is to say, placed on active military

service within the confines of the United Kingdom. The

occasion for issuing the proclamation ' must be first com-

municated by message to parliament if it be then^in session

;

if it be not sitting, parliament must be called together

within ten days. For the purpose of keeping the force in

a condition of military efficiency, the officers and men are

subjected to one preliminary training for a period not

exceeding six (usually about two) months, and further to

an annual training not exceeding fifty-six (usually twenty-

eight) days. The force is composed of corps of artillery,

engineers, and infantry. Infantry militiamen are formed

into battalions constituting part of the territorial regiment

of the locality of which the regular forces are the senior

battalions. The officers and men when called out are liable

to duty with the regulars and in all respects as regular

soldiers within the United Kingdom. Of late years the

men have been raised exclusively by voluntary enlistment,

but where a sufficient number for any county or place is not

thus raised a ballot may be resorted to in order to complete

the quota fbced by the queen in council for that county or

place. Each man is enlisted as a militiaman for the county,

to serve in the territorial regiment or corps of the district.

The period of engagement is not to exceed six years, but

during the last of these years a militiaman may be re-

engaged for a further period also not exceeding oix year*.
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Men who illegally absent themselves are liable, in addition

to punishment for the offence, to make up for the time of

their absence by a corresponding extension of their service.

The officers are appointed and promoted by the crown, but

first appointments are given to persons recommended by

the lord lieutenant of the county who may be approved

as fulfilling the prescribed conditions in respect of age,

physical fitness, and educational qualifications. Since 1877

the officers have been permanently subject to military law.

The general body of the non-commissioned officers and men

are so subject only when called out for training or embodi-

ment. At other periods they have simply the legal status

of civilians, except as regards a liability to trial and

punishment for offences in connexion with enlistment or

for military offences committed while called out. Each

militia regiment has a permanent staff, consisting of an

adjutant and a small body of non-commissioned officers and

drummers, to conduct the recruiting drills and ordinary

business of the corps; and the members of this permanent

staff are always subject to military law. They mostly

consist of non-commissioned officers who belong to or

have served in the regular portion of the territorial

regiment. Many of the militia corps have their head-

quarters at the brigade depOt or local establishment of the

territorial regiment, and all are under the general supervision

of the (regular) colonel commanding the brigade dep6t.

The area of service does not extend beyond the United

Kingdom; but those who voluntarily offer to serve in the

Channel Islands, the Isle of Man, Malta, or Gibraltar may
be employed therein. The uniform of the officers and men
of the mili tia, is precisely the same as that of the regular

corps with which they are associated, or rather of which

they form part, except that in addition to the regimental

distinguishing mark they bear the letter " M " upon their

appointments, to denote that they belong to the mQitia

portion of the corps.

As above stated, the ranks of the militia are usually

filled by voluntary enlistment; but by a statute which,

though temporarily suspended, can be put in force provi-

sions are made for filling up any deficiency in the allotted

quQta in any county, city, or riding by ballot of the male

inhabitants if within certain limits of age. The enactment

provides as follows :

—

The secretary of state is to declare the number of militiamen re-

qnired, whereupon the lord lieutenant is to cause meetings to be

held of the lieutenancy for each subdivision. To these meetings the

householders of each parish are to send in lists of all male persons

between the ages of eighteen and thirty dwelling in their respective

houses. Before the ballot, however, the parish may supply volun-

teers to fill up the quota, every volunteer so provided and approved
counting as if he were a balloted person. If a deficiency still

exists, the persons on the lists shall be balloted for, and double the

number of those required to supply the deficiency shall be drawn
out. Any pei-son whose name is so drawn may claim exemption or

object; and the deputy lieutenants settle the question of his liability

to serve. From the corrected list those who are of the requisite

physique (the height is 5 feet 2) are enrolled in the order in which

their names are numbered until the quota is completed. If the list

is not sufficient to fill the quota, another ballot in the same manner
la to be taken. Any balloted man becoming liable to serve may,
however, provide a substitute who has the requisite physical qualifi-

cations, and is not himself liable to serve.

Within the general body of the militia is contained

another having an additional and important obligation in

the matter of service. It is called the " militia reserve,"

and is formed of men who voluntarily undertake a liability

to join the regular forces and serve in any place to which

they may be ordered in case of the proclamation of a state

of imminent national danger or great emergency. In this

respect they are in fact upon the same footing as the army

reserve, and on the occasion of the mobilization of 1878

more than 20,000 of these men became part of the regular

army. The present strmath of the militia reserve is a

little under 29,000 men, and judging by past experience it

may be computed that about 25,000 could be at once

added to the ranks of an army in the field in the event of

national danger or emergency. It is to be observed, how-

ever, that every man thus added to the regulars would be

taken away from the effective strength of the militia.

There is no statutory provision for the number of men
to be maintained, that number being what from time to

time may be voted by parliament. The latest information

available respecting the actual condition of the militia of

Great Britain relates to the year 1881, and that of Ireland

to 1880, the militia of the latter country for obvious

political reasons not having been called out for training in

1881 or 1882. Taking the militia of the United Kingdom
in 1881, we find that the establishment provided for was

139,501, of whom 18,618 were artillery, 1317 engineers,

and 1.19,566 infantry. Divided into ranks, this establish-

ment was made up of 3534 sergeants and 1260 drummers of

the permanent staff, and of the general body 3909 officers,

2520 sergeants, 5040 corporals, and 123,238 privates.

The number actually enrolled was 127,868 of all ranks,

leaving 11,633 wanting to complete. Of the number
enrolled 84,864 belonged to English, 14,138 to Scotch, and

28,866 to Irish regiments, the numbers wanting to complete

being for England 7420, for Scotland 162, and for Ireland

4051. As the Irish regiments were not called out, our

information regarding the actual effective condition of the

force as shown at the annual training does not include

Ireland. With regard to the English regiments, 74,945

were present out of an enrolled strength of 84,864. Of
the absentees 3144 were with and 6776 without leave.

In the Scotch regiments, 12,401 appeared at the training,

and of the absentees 616 were with leave and 1121 with-

out. Of the total establishment (106,584) for Great

Britain, 99,002 were enrolled, and of those enrolled 87,346

presented themselves and 3760 were absent with leave and

7896 actual defaulters. Of the English regiments five-

sixths and of the Scotch regiments two-thirds were born in

the county to which their regiments respectively belonged.

Of 92,677 men (for Great Britain) whose occpations

are disclosed, 17,665 were artisans, 22,221 mechanical

labourers, 26,227 agricultural labourers, and 26,564 other

trades. Speaking approximately, more than one-half of

the men were between twenty and thirty years of age,

about 4 per cent, between seventeen and eighteen, about

9 per cent, between eighteen and nineteen, and about 12

per cent, between nineteen and twenty, while some 20 per

cent, were over thirty years of age. More than one-half

those inspected in 1881 were between 5 feet 5 inches and

5 feet 7 inches in height, about 20 per cent, were under 5

feet 5 inches, whUe only 585 out of a total of 92,677 were

6 feet and upwards. At the date of inspection there were

296 men in military confinement and 465 in the custody

of the civil power. On the last occasion () 880) on which

the Irish militia were called out, upon eji establishment

of 32,813 and an enrolled strength of 30,515 the number
present at the training was 26,399, leaving 706 absent with

and 2264 without leave. Regiments numbering in the

aggregate 1146 men were not trained.

As distinguished from the regular forces or standing army, ihf

militia has been described as the constitutional military force of the

country ; and its history justifies the description, at least up to a

recent period when it lost its distinctive character and became to a

great extent merged in the regular army. It is the oldest force

Britain possesses, and in fact represents the train bands of early

English nistory. Its origin is to be found in the obligation of all

freemen between certain ages to arm themselves for the preseivation

of the peace within their respective counties, and generally for the

protection of the kingdom from invasion. This obligation, imposed
in the first instance upon the individuals themselves, became shifted

to the owners of land, who were comijellcd to.keep up their propor-

tion »•<' Horosa aiid armour fc the national di^feuce. The forces were
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placed under the lieutenant of tlie county, empowered in this respect

by a commission from the crown. This prerogative of the sovereign,

which had been in some instamces a matter of controversy, was
declared by statute shortly after the Restoration. By the same
statute the militia oj each county was placed under the lieutenant,

who was Tested with fhe appointment of officers, but with a reserva-

tion to the crown in the way of commissioning and dismissal. The
cost of the annual training—for fourteen days—fell upon the local

authority. Offences against discipline were dealt with by the civil

magistrates, but with a power to the officers of fining and of

imprisoning iu default Upon this footing the nulitia of England
remained for nearly a century, with the general approval of the

community. It was recognized as an instrument for defence and

for the preservation of internal order, while it was especially

popular from the circumstance that from its constitution and
organization the crown could not use it as a means of violating the

constitution or abridging the liberty of the subject. It was con-

trolled and regulated in the county ; it was officered by the land-

owners and their relatives, its ranks were filled by men not depend-

ing for their subsistence or advancement upon the favour of the

crown; its numbers and maintenance were beyond the royal control;

its government was by statute. While the supreme command was

distinctly vested in the crown, every practical security was thus

taken against its use by the crown for any object not constitutional

or legitimate. It was regarded as, and was, in fact, the army of the

state as distinguished from the standing army, which was very much
the army of the king personally. The latter consisted of hired

soldiers, and was more than once recruited by a conscription, con-

fined, however, to persons of the vagrant class not having a lawful

employment, while the former was mainly composed of those having

a fixed abode and status. The militia thus enjoyed for mauy years

as compared with the regular forces a social as well as a consti-

tutional superiority. About the middle of the. last century the

militia was reconstituted, with certain modifications, not involving

a sacrifice of the principle of its local government, but strengthening

somewhat the supervising influence of the crown. Thus the king
directly appointed the permanent stafif, and was given a veto upon
the appointment and promotion of the officers, who were to have a

property qualification. A quota was fixed for each county, to be

raised by ballot of those between the ages of eighteen and forty-five,

each parish having the option of supplying volunteers at its own
cost, and each man balloted being permitted in lieu of serving to

pay £10 to provide a substitute. When called out for service the

pay was to be the same as that of the regulars, and while embodied

or assembled for annual training the officers and men were placed

under the Mutiny Act and Articles of War, with, however, a proviso

that iu time of training no punishment was to extend to "life or

limb." The crown was given the power to call out fhe militia in

case of apprehended invasion or of rebellion, and associate it with
the regvilar army, but only upon the condition of previously in-

forming parliament if then sitting, and if it were not sitting of

calling parliament together for the purpose. A further and im-

portant security was established to prevent an unconstitutional use

of the militia by the crown: the estimate for its training was framed
each year, not by an executive minister of the sovereign, but by
the House of Commons itself. Upon the initiative of a committee

of the House, an Act was passed providing for the pay and clothing

of the militia for the year. Upon this footing substantially the

uilitia of England remained for many years, the Irish and Scotch

militias being meantime brought under the same conditions by
various enactments. The force was embodied on several occasions

during the last and in the early years of the present centuryj^and

it contributed largely to the army engaged in the Peninsula, from
1803 to 1813 just 100,000 men, or two-fifths of those raised for the

army, came from the militia. In this way, however, it lost its

distinctive character as a defensive force. During the peace which
followed the final fall of Napoleon the militia was suffered to fall

into decay; and np to 1852 it had only a nominal existence iu the

shape of an effete permanent staff with no duties to perform. In

1853 the militia was revived just in time to enable it to fulfil most

valuable functions. In the war with Russia it was embodied and

did garrison duty not only in the United Kingdom but in the

Mediterrantan garrisons, thus enabling the authorities to send most

of the available regular troops to the scene of hostilities. It further

contributed many officers and some 30,000 men to the line. It

still gives annually about 8000 recruits to the regulars. During

the Indian mutiny it filled scarcely less useful functions when
again called out. It has since then been regularly assembled for

annual training ; and when it is brigaded with the regular forces at

Aldershot and other camps of instruction its military aptitude and

proficiency have generally elicited the surprised admiration of pro-

fessional soldiers. In 1871 an important constitutional change was

made. It waj part of the new army system inaugurated iu that

year that the control of the militia should be removed from the lord

lieutenant of the county and vested wholly in the crowix. It has

now virtually ceased to exist as a distinct body, and is a part of

*i» regular forces with a UniitAtion as to the time and area and

other conditions of service. There is no longer a regiment of

militia. The body that would fonneriy be thus described is now a

collection of militiamen of a regiment largely composed of regulars.

The votes for the maintenance of the militia are now part of the

army estimates. The officers of the miUtia and the line are eligible

for duty with either force, and may sit upon courts martial indis-

criminately. This practical amalgamation of the old constitutional

force with the standing army may appear theoretically open to the

objection that it is thereby pUjjd under the direct control of the

sovereign. But the day has passed when such an objection could

have any value. The fact of the whole army being placed in all

respects under the direct control of a minister responsible not only

to the crown but to parliament is enough to dissipate any constitu-

tional apprehensions under this head.
The only colonial militia that forms an effective force is that of

Canada, which is organized as an efficient local ai'my. The
Government of the Dominion includes a minister of militia and
defence. The force is placed under the command of a general

officer, assisted by an adjutant-general, belonging to the regular

army and appointed by the queen. The trainin" of the officers is

a matter of special care, there being a military college at Kingston,

several of the governing body and professors of which are officers

of the Eoyal Artillery and Royal Engineers, as well as schools of

gunnery and musketry. For military purposes the Dominion is

mapped out in twelve districts. The militia is divided into the

active and the reserve, and the male inhabitants between the ages

of eighteen and sixty, with the usual exceptions, are liable to

military service, the extent of which varies with the age of each

man, the larger amo'unt of duty falling upon the younger. The
active militia comprises 12 regiments of cavalry, 17 field and 31

garrison batteries of artillery besides a mountain battery, 4 com-

panies of engineers, 2 mounted rifle corps, 97 battalions of from 5

to 10 companies each and 16 independent companies of infantry.

The uniform is for the most part like that of the regular army,

and the organization and general efficiency of the whole body have

been very favourably reported upon. Although the obligations of

the Canadian militia are purely local, a large number on a late

occasion offered themselves for general service; and, In the event

of a war on a large scale, it is believed that the force would con-

tribute a valuable addition to the fighting strength of the imperial

army. (J. C. O'D.)

MILK is the fluid secreted by the mammary glands of

the division of vertebrate animals called Mammalia. These

glands are in a rudimentary form in the Monotremes. In

Ornithorhynchus there is no nipple, but the mouth and

tongue are closely applied over the area on which the ducts

open, and the fluid is withdrawn by suction on the part of

the young and compression of the gland by the mother.

In Echidna the ducts of the gland open into a small pouch,

foreshadowing the larger pouches of marsupials. In

Marsupials the glands are more compact, and have a greater

number of lobules. They are found behind the marsupial

depressions or those of the pouch; they are not fewer than

two on each side nor more than thirteen, six on each side

and one midway. The ducts, long and slender during lacta-

tion, open on a nipple which is covered by a reflenon of

the skin at the back of the pouch, thus forming a kind of

hood or sheath. The nipple is protruded beyond the hood

during lactation, and is much elongated. The number of

these nipples bears a relation to the number of young 'at a

birth; thus the kangaroo, with one at a birth, has four

nipples (two, generally the anterior pair, being in use),

whilst the Virginian opossum, which produces six or more

at a birth, has thirteen nipples. Rodents show a corre-

sponding provision for the nourishment of the young in the

number of nipples. A seeming exception is the common

guinea-pig, which frequently has eight, ten, or twelve young

at intervals of two or three months, and yet the mother

has only two teats to serve them, turu and turn about;

the original stock of the domestic species breeds, however,

only once annually, and has but one to two young, so the

domestic variety is a curious anomaly due to the artificial

circumstances of its life. In the porcupines there are two

nipples, one midway between the fore and hind leg, and the

other midway between this and the base of the fore leg.

In the coypu, a creature often carrying its young on its

back whilst it swims across rivers, the teats project from

the flanks near the shoulders, and are of conaiderabla length.
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MO that the young readily reach them. The Insectirora

have, as a nile, more nipjiks thau arc found is any other

order. Thus m the tenrec {Centetfs) there are as many as

twenty-two, and they are rarely fewer than fourteen,

spread out in pairs from the pectoral to the inguinal

regipns. There are ten teats in the common hedgehog, six

to eight in moles and shrews, two in sloths and armadillos.

In Gttncea there are two long, narrow, flat glands lying

between the dermal and abdominal muscles, vvith the sub-

cutaneous blubber separating them from the skin. The

peculiarity of the arrangement in these animals, where

suckling is performed under water, is the large size of the

central duct, which acts as a kind of reservoir, so that the

young may obtain a considerable supply in a very short

time. It -would appear also that when suckling takes place

the nose of the young is above the siirface of the water.

Among Ungulates, in the elephant the glands and teats are

between the fore legs; in the rhinoceros they are inguinal;

in tKe mare and ass the glands are two in number, and are

found between the thighs, about 9 inches in front of the

vulva; the tapir has two inguinal nipples, the peccary

two ventral and two inguinal, the wild sow eight nipples,

whilst in the domestic breeds there are at least ten, extend-

ing from the pectoral to the inguinal regions. Ruminants
have the glands aggregated into a round mass in tlie

inguinal region, pendulous in full function, divisible into

two glands, each of which has a large reservoir. When in

use the teats, one pair or two pairs being the number, in

connexion with the reservoirs become so large as to receive

the special name of " udder." All the deer tribe, camebj

the giraffe, and all kinds of cows have foiu' teats ; most

antelopes and the gazelles have two teats, whilst a few

antelopes have four. As to Carnivora, the felines have

usually six nipples ; the wolf, jackal, ion, dog have usually

eight ; the seals and the walrus have four, the otters

two, the weasels six, the bears six ; and in the kinkajou

[Cercoleptes) the number is reduced to two. Amongst
Quadrumana, the aye-aye [Chiromys) has only one pair of

nipples, about an inch and a half in front of the vnolva

;

many lemurs have in addition to those a pectoral pair ; in

aU the platyrhine and catarhine Quadrumana there is only

one pair of glands, restricted to tl;e pectoral region. Here
the teats are between the fore legs, and the young clings to

the mother's breast in human fashion, but there is no protru-

sion of the breast as in the human being. (For further

details see Owen's Anatomy of Vertebrates, vol. iii. p. 769.)
• In the human race the glands are two in number, form-

ing, along 'with the skin and fat, two rounded eminences,

one on each side, on the front of the thorax. They extend

from the third to the sixth or seventh rib, and fr6m the

side of the sternum to the axilla. In the centre projects

a small conical body, the nipple. Around the nipple is a

coloured circle, or areola, which is darker during pregnancy,

and even in women who have borne children than in the

virgin state. The surface of the nipple is wrinkled, and
with a magnifying glass is seen to be covered with

papilla;. It is perforated by numerous openings, the mouths
of the milk ducts. The tissue of the nipple contains

numerous minute bloodvessels, and it has at the base

muscular fibres arranged in concentric circles and in

radiating bands. It has much of the character of erectile

tissue, as in the corpora cavernosa of the, penis, becoming
turgid, firm, and prominent from excitement. The base

of the gland lies on the pectoral muscle, a thin layer of

faiscia intervening. The surface is covered with fat, which
gives it the smooth rounded outline. It is amply supplied

with blood by the long thoracic artery, some other minute

branches of the axillary artery, the internal intercostal

artery, and the subjacent intercostals. Thp nerves come
"n the anterior and middle intercostal cutaneous branches.

and the nipple is especially sensitive. The gland is com-

posed of numerous lobe* bound together by connective and

adii)Ose tissue, and'^ach lobe is formed of smaller lobules.

Each lobe has an excretory duct, and these ducts, from

fifteen to twenty in number, converge towards the areola,

beneath which they are dilated so as to form sinuses from

Jth to ^th of an inch in calibre. From these sinuses arise

the ducts which ojien on the surface of the nijiiile. Th»
general structure will be understood by referring to the

accompanjong figures, along with the description.

Fio. 1.—Half-dlaprammatic view of a aectlon through a lobole of the mam-
mary gland, after Klein {AtJai of HistoJogy, plate xl. fig. 1). magnlfled 45
diameters, o, a dact dividing Into two bran(rhe8; b,h. b. connective tlssua

aui'i'ounding and goini; between the nltimatc poaches of the gland ; f. c, c, thO

pouches or alveoli of (lie gland, the dots representing the cells liDlog them.

Fio. 2.— A portion of the same gland, magnified about 400 diameters, showing one

complete and two incomplete alveoli, a, a. a, short, columnar, epithelial cells

lining the alveolus, each haTlnp an oval or rounded nucleus; 6,6,6, epithelium
cells, containing, next the Interior of the alveolus, a mills globtUe ; c, c, c c, milk
globules which have been set free from epithelial cells.

When a duct is traced into the gland, it is found to sub-

divide into smaller ducts, and these into still smaller, until

the smallest ductlet is reached, roimd the end of which are

clustered several alveoli or' pouches. Each alveolus has

a wall, lined with epithelium cells. In the wall of the

alveolus there are capillary blood-vessels which bring the

blood near the cells. By this blood the cells axe nourished.

There is a minute cavity in the centre of each alveolus into

which ceUs or their products can accumulate. There can

be no doubt that the formation of the milk globule takes

place in these cells. Whilst milk is not being formed the

cells have a granular appearance, and the lumen or central

cavity of the alveolus is small ; but during secretion the

cavity is enlarged and shows a few milk globules, whilst

one or more milk globules can be seen in the interior of

the cell. If the milk globule in the cell be very large, the

nucleus of the cell is pressed outwards and the protoplasm

of the cell is reduced to a thin covering, over the globule,

at this stage presenting a striking resemblance to a fat

cell containing an oil globule. Thus each milk globule is

formed in the protoplasm of the epithelium cell, and even

at an early stage each milk globule consists of a minute
drop of fat or oil surrounded by a thin albuminous envelope.

It has not been clearly ascertained whether epithelial cells,

after having secreted milk globules, degenerate and fall

off, or whether they have the power of ejecting .the milk

globules. The fluid conttituents of mill;- (watedrholding
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salts in solution) may be separated from the blood by a
kind of filtration under blood pressure, as is the case in

other secretory processes. The origin of the sugar of milk
and of the casein is unkno\\Ti. ^For a description of the

minute structure of the

milk gland, see Klein's

Atlas of Histology, p.

300, and references.)

At the beginning of

lactation the milk is

Hch in large irregularly-

formed corpuscles (fig. 3,

<7, (T, a) called colostrum

corpuscles. These are a.

contractile bodies, slow-

ly changing their form

and squeezing out the

oily particles. At first Fig. 3.—A drop of milk mapilfiedSOO diameters.

they are the only bodies "' "•
"'

"'"""""' "'T'"':'^'-

present, but they are soon replaced by the ordinary milk

globules. Such globules have bright refractive edges,

the svirface is smooth, they vary in size from ^^j^jth to

^^j!j_jyth of an inch in diameter, and each consists of a

drop of fatty matter surrounded by a layer of albumen
^"Ascherson's membrane").

A secretion of milk takes place in ne-wly-bom children,

from the fourth to the eighth day, and also in rare cases

in men (Hermann's PAysio/o^y,,p. 158). During gestation

in the human being the mammary glands increase in size

;

immediately after the birth of the chUd active secretion

commences; and usually it is on the stoppage of the secre-

tion, ten months afterwards, that the process of menstrua-

tion, which has been arrested by impregnation, again is

re-established.

The secretion of milk is undoubtedly affected by the

nervous system, as is shown by fear or mental distress

arresting or injuring the quality of the secretion, and by the
" rush " or feeling of fulness in the breast experienced by
the mother when the child's mouth touches the nipple, or

even «vhen she sees her offspring. The nervous mechanism,

however, is unknown, as it has been observed that secretion

may continue even after section of all the nerves known to

pass to the gland. The nature of the diet has a marked
influence on the quality of the secretion. Thus the

amount of casein and of fat is greater during an animal

than during a vegetable diet. Fatty foods do not seem to

increase the amount of fat or butter ; an ample supply of

carbo-hydrates (starches and sugars) increases the amount
of sugar. These facts indicate that most if not all of the

constituents of milk are formed from changes in the pro-

toplasm of the epithelial cells. In some women the milk

is deficient in fat and casein, and consequently is less

nutritious. Prolonged lactation diminishes the amount of

fat and sugar without materially affecting the amount of

albuminous matter ; but the milk is less nutritious and is

unfit for the child. The occurrence of menstruation during

lactation also' deteriorates the milk. (j. g. m.)

Milk as Food.

The mOk of various domesticated animals is more or less

used by man for food. The milk of the cow, which may
be taken as typical of all others, and is indeed by far the

most important and valuable of all, is, when newly drawn,

an opaque white fluid, with a yellowish tinge, soft, bland,

and sweetish to the taste, and possessed of a faintly animal

odour. This odour, according to Schreiner, is due to the

presence of sulphuretted hydrogen, and disappears after a

short exposure. The specific gravity of mili ordinarily

ranges from r029 to 1033, very -eeldom reaching r035 or

(ailing so low as 1-027. In chemical constitution it con-

sists of an emulsion of fatty globules (cream) in a watery
alkaline solution of casein, and a variety of sugar, peculiar
to milk, called lactose. The fat (which when separated we
know as butter) and the lactose constitute the carbonaceous
portion of the milk regarded as food. The casein, which
forms the principal constituent of cheese, and a certain

proportion of albumen which js present, form the nitro-

genous, while the complex saline substances and water
are the mineral constituents. These various substances are

present in the proportions which render milk a perfect and
typical food suitable to the wants of the young of the
various animab for whom it is provided by nature. The
milk of all animals, so far as is known, contains them,
although they are present in somewhat different propor-

tions. It is probable that the milk of ruminants possesses

certain physical and physiological distinctions from that of

non-ruminant animals, which wUl account for the virtues

attributed to the milk of the ass and mare. The following

table exhibits the chemical constitution of the kinds of

milk most frequently used by man -.—
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600 gallons of milk, from -wlucli nearly 600 lb of cheese

or 200 B) of butter would be obtainable.

Dairy Treatment.—Cows are commonly milked by band
two or three times a day. A milking machine of American
origin, which was introduced about the year 1862, has been

entirely abandoned. The milk should be drawn from the

animals in as clean a condition as possible, but notwith-

standing every precaution some amount of hair and
epithelial and other animal debris invariably enters the

milk-pail. It has therefore to be immediately strained

through a sieve with fine -wire-cloth or hair strainer. As
milk is peculiarly susceptible of taint, and absorbs odours

of all kinds with great avidity, it is of the utmost con-

sequence that all vessels in which it is placed or kept
should be so made as to be easily purified and that

they should be kept scrupulously clean. In Switzerland

milk is strained with most beneficial effect through sprigs

of washed fir tops, which inserted loosely and uprightly

into the hole of a funnel arrest all hair, skin, clots, and
slimy matter on the acicular leaves. The milk drains

through in a clean condition with a fresh slightly

aromatized flavour favourable to its keeping. A fresh

sprig is used on each occasion of straining milk, so that

there is freedom from the risk of taint which arises through

the use of imperfectly cleaned -wire gauze. The milk must
be removed from the cow-house as quickly as possible

;

and, if intended for use as new milk and for sale in the

neighbourhood of the dairy, it may at once be put up for

delivery. But if it has to travel a distance, or if it is to

be kept for creaming or cheese-making, it should be rapidly

cooled down, and kept in a cool airy mUk-room if prac-

ticable, surrounded -with fresh cold water.

The ordinary method of separating cream either for

direct use or for butter making is by allowing it to form
on the surface and skimming it off with a broad flat spoon

;

but ingenious adaptations of centrifugal machines—of

which Laval's separator is one of the best known—have
been introduced for the purpose of effecting the rapid and
complete separation of the cream. The centrifugal force

of such machines throws the denser portions of the fluid

towards the sides of a rapidly revolving cylinder, collecting

the cream on an inner layer, which is carried oS by one
channel while the impoverished milk escapes by another.

The Laval separator gives very rich cream, as will be seen

from the following analyses by Voelcker :

—
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effect milk similarly concentrated, with a proportion of sugar
added, and hermetically sealed in tin cans. The manufacture was
transplanted to Switzerland in 1865, after which condensing
factories were established in England, Ireland, Denmark, Bavaria,

Norway, and elsewhere. With the introduction of the condensing
trade there has also been associated the factory system of dealin"

with dairy products, by which the milk of many dairies is carried

to one centre and dealt with either for condensing or for. cheese or

b itter making. The fallowing epitome of the process of condens-

ing milk is from a paper by Mr AVillard of Cornell university,

Kew York (Jour. Eoy. Aaric. Soc, 2d series, vol. viii., 1872).

Tlie milk when received at the factory ia first passed, ho says,
" through a strainer to the receiving vat ;, from this it is conducted

off, going through another strainer, dnto the heating cans, each

holding about 20 gallons ; these canS ore set in hot water, and the

milk is held in them till it reaches a temperature of, 150° to 175°

Fahr. ; it then goes through another strainer into a large vat, at

the bottom of which is a coil of copper pipe, through which steam

is conducted, and here the milk is heated up to the boiling point.

Then the best quality of white granulated sugar is added, in the

proportion of H lb of sugar to the gallon of milk, when it is drawn
into the vacuum-pan having a capacity of condensing 3000 quarts

or more at a tirae. The milk remains in the vacuum-pan subjected

to steam for about three hours, during which time about 75 per cent,

of its bulk in water is removed, when it is drawn off into cans,

holding 40 quarts each. The cans are only partially filled, and are

then set in a large vat containing cold water, the water being of a

height equal to that of the milk in the cans. Here it is stirred

until the temperature of the condensed fluid is reduced to s, little

below 70°; it is then turned into large drawing-cans with faucets,

in order to facilitate the filling of the small cans, .... holding

1 lb each, which al-e immediately soldered to exclude the air."

In the case of plain condensed milk the concentration is usually

carried farther than is practised.in preparing the preserved milk, it

being evaporated down to between one-fourth and one-fifth of the

original bulk. It is not put up in sealed tins, being intended for

immediate use, and keeps sweet only for a few days, varying with

the state of the weather, whereas the sugared milk in sealed cans

keeps for years. The large amount, however, of cane sugar added
to preserved milk seriously disturbs its balance of proportion as a

perfect food, and renders it unfit to be used alone in a dilute state

as a substitute for mother's milk by infants, a purpose for which it

is largely employed. It should also be observed that the relative

proportion of fat is small, the milk being partially skimmed before

it is operated on, so that the statement that preserved milk diluted

with a small proportion of water is equal to cream is not to be

relied on. Preserved milk, rich in cream, has always a more or

loss rancid oily taste, and cannot be obtained so sweet and even in

flavour as that largely deprived of fat. According to a German
[latent of E. Klebs in Prague, plain condensed milk may be

preserved by adding to every 100 litres of the original inilk a

solution of 50 grains ef benzoate of magnesium in one litre of

water.

Adulteration.—Practically the invariable mode of sophisticating

milk for sale consists in the addition of water and in the subtrac-

tion of cream,— in other words, passing off skimmed or partly

skimmed as new milk. Now and again there are found certain

little refinements on these simple frauds, such as adding a quantity

of sugar to correct the specific gravity, flour or starch to increase

opacity, and a touch of colouring matter to cover the bluish tinge

which would betray skimmed milk. In the United Kingdom no

official standard of what constitutes pure milk has been promul-

gated, but the so-called Somerset House standard has been

generally recognized in law courts. According to this, new milk

should contain as a minimum of solids not fat 8 '6 per cent, and of

fat 25 per cent., and of water a maximum of .88'9 per cent. The
most satisfactory manner of discovering the probable genuineness

of a sample of milk is by chemical analysis carried sufficiently far

to determine the amount of fat and of other solids present.

Numerous attempts have been made to place in the hands of dairy-

men, dealers, and consumers of milk a trustworthy method of

estimating the condition and value of the article by simple

'luantitive tests for cream or fat—at once the most valuable con-

stituent and one the presence of which in average proportion is

indicative of the quality of the whole. The simplest but at the

same time the least trustworthy and efficient method is by means

of the so-called "creamometer," which consists merely of a

graduated glass tube in which a measured amount of milk is placed

and- the amount of cream it throws up is read off by means of the

scale. Specific gravity determinations have by themselves no

significance, seeing milk deprived of its cream can by dilution with

water be brought to correspond exactly with the original milk.

But by a combination of two methods,—first taking the specific

gravity, ne.xt observing the yield of cream by the "creamometer,"

and finally taking the specific gravity of the milk deprived of

cream, rcard bcin" had to the temperature of the milk in tliese

observations, an approximately accurate idea of _ the value of a
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sample may be obtained. Among so-called" " lactoscopcs, " tht
operations of which are based on the fact that milk rich in cream
is a much more opaque fluid than that from which cream has been
taken or to which water is added, that invented by Professor
Feser of ilunich is one of the simplest and most useful. It con-<

sists of a glass tube open at the upper'eud and attenuated at its

lower extremity. Into this narrower portion is fused a small
cylindrical rod of opaque milk glass on which black lines ai'.

marked. These lines arc invisible when tho lower portion of the
tubr, is filled with a measured quantity of milk, but on addition ol
water they become visible. When tho black linos become by th»
gradual admixture of water perfectly distinct, the richness of tha
milk in cream globules is indicated by the height to which thfl

mixture of milk and water has risen in the wide portion of tha
tube, which has engraved on it a scale showing on one side tha
amount of water added and on the other the proportion of cream
equivalent to the transparency resulting from such addition.

Statistics.—In the year 1878 it was calculated by Mr J. C. Morton
that the total yield of milk from the 2,250, 00(J cows and heifers

in milk or in calf in England and Scotland amounted to about
1,000,000,000 gallons yearly. He assumed that about one-sixth oS
that quantity (167,000,000 gallons) went to feed calves, and that
the daily consumjition of the population was 1,000,000 gallons,

being rathermore than a quarter of a pint per head, which accounts
for 365,000,000, still leaving 468,000,000 gallons to be used for

butter and cheese making. Two-thirds of this quantity, or

312,000,000 gallons, Mr Morton assumes was used for cheese-making,
yieldin" 2,800,000 cwts. of cheese (rather less than 1 lb per gallon

of milk), and the remainder, 156, 000, 000 gallons, of milk devoted to

butter-making would yield 530,000 lb of butter, or 1 tb of butter

for every 21 pints of milk. In these figures no account is taken ol

Ireland, whence at that period there were 'sent to England alono

yearly 3,500,000 tb of salted butter. In June 1882 the number of

cows and heifers in milk and in calf in Great Britain did not vary

greatly from the number on which Mr Morton's estimate for 1873

was based, being 2,267,175, whilst in Ireland the number w.a3

1,398,905, making the total for the United Kingdom 3,682,317.

If we take approximately Mr Morton's data as the basis of calcu-

lation, the 3,682,317 milk cows and heifers in the United King-

dom would yield, at 440 gallons per head, 1,620,219,480 gallons

of milk. Further, assuming that one-sixth of this is consumed
by calves, one-third consumed by population, one-third used for

cheese-making, and one-sixth used for butter-making, we have as

the yield of cheese 4,846,000 cwts. and as the yield of butter

920^000 cwts. As Ireland is much more a butter-producing than a

cheese-yielding country, the quantity of cheese made is probably

overestimated in these figures, and the amount of butter made is

correspondingly understated. To bring out the consumption of

dairy products for the year_the following imports must be added:

—
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»ci4 Oltf, sugar 2-10, albuminoids 1-86, fat 178, salts 0-609,

carbonic acid 0'177, and water 93 '46. A distilled spirit is prepared

from koumiss, 'nhich is drunk among the Tartars under tne name
of araca or arsa. Koumiss has of late years come into prominent
notice as a remedial agent in cases of pulmonary consumption, and
generally as'a nutritious form of food easily assimilated by delicate

stomachs. It is probable that all its virtues reside in the original

mOk from which it is prepared, in which case the koumiss can only

be regarded as valuable in so far that it is a convenient form under

which the essential properties of the milk can be preserved for use.

Under the name of koumiss a prenaratiou of cow's mil': is now very

generally sold. It is made by aading to each quart of new milk
about a tablespoonful of common sugar and brewer's yeast, allowing

the fermentation to proceed a sufficient length, then bottling and
corking as in the case of aerated waters. Such a preparation con-

tains about the same proportion of alcohol as genuine koumiss, but

a non-alcoholic variety can also be obtained, made by a process of

natural fermentation, which continuing after bottling develops

s large amount of carbonic acid and renders the liquor highly

effervescent. (J. PA.)

illLL, JAJres (1773-1836), tistorian and political and
inental philosopher, was born 6th April 1773, in the

little village called Northwater Bridge (Bridge of North
Esk), in the parish of Logie-Pert, in the county of Forfar.

His father, James Mill, was a shoemaker ; his mother,

Isabel Fenton, belonged to a race of respectable farmers.

The father was industrious, good-natured, and pious, but

not known as specially intelligent. The mother was of a

proud disposition, and resolved to educate James, her eldest

son, for a superior destiny. He began his education at

the parish school, and went on to the Montrose Academy,
where he remained till the unusual ago of seventeen and a

half, when he went to the college of Edinburgh (1790).

According to the usage of the time and neighbourhood, he
ought to have been sent about thirteen or fourteen to

Marischal College, Aberdeen. His remaining so long at

the Montrose Academy, and his going to Edinburgh for

bis university course, must be connected with his being

taken up by Sir John and Lady Jane Stuart of Fettercairn,

who engaged him to be tutor to their only daughter,

known for having inspired the afEection of Sir Walter
Scott, and for being the mother of Principal James David
Forbes. Sir John and Lady Jane Stuart contracted a
warm attachment for Mill, which lasted throughout their

lives. At Edinburgh University MiU was distinguished as

a Greek scholar. But he received his greatest impulse
from Dugald Stewart, for whom he always expressed
unbounded admiration. In October 1798 he was licensed

as a preacher, but seems to have preached very seldom.
His years from 1790 to 1802, besides being occupied with
incessant studies extending into history and moral and
political philosophy, were devoted to various tutorships.

Failing to find a career to his mind in Scotland, in 1802
he went to London in company with Sir John Stuart,

then member of parliament for Kincardineshire. He soon
obtained literary occupation, to which he applied himself
with untiring energy. His first important venture was to
start a periodical on a new plan, entitled Tlte Literary
Journal, which began to app^r in January 1803, and
continued under his editorship till the end of 1806. It

was the most comprehensive in its aims of any periodical

hitherto in existence, being a summary view of all the
leading departments of human knowledge. Thomas
Thomson, the chemist, took charge of science ; and many
other men of ability co-operated. Mill himself wrote
largely in biography, historj-, political philosophy, political

economy, and also in theology, on which his views at the

tune were broad without being sceptical. The publisher

of the journal was Baldwin, who was also tho proprietor

of the St James's Chronicle, a Conservative paper appear-

ing three times a week. For two or three years, from
1805 onwards. Mill was editor, but at last gave it up,

partly on conscientious grounds, although in conducting

it bo never lent himself to the expression of any illiberal

views, but often made it the vehicle of the opposite.

In 1804 ho wrote a pamphlet on the Corn Trade,

advocating the impolicy of a bounty on the esijortation of

grain. This was the beginning of his career as 'a political

economist. In 1805 he published a translation of Villers's

work on the Eeformation, an unsparing exposure of tho

vices of the papal system. He added notes and quotations

by way of confirmation of the author's views. On this

subject also he continued to hold strong opinions all through

life, and often recurred to it in his articles in the reviews.

In 1805 he married Harriet Burrow, whose mother, a

widow, kept an establishment for lunatics in Hoxton. He
then took a house in Rodney Street, Pentonville, where his

eldest son, John Stuart, was born in 1806. It was about

the end of 1806 that he entered upon the composition of

the History of India, which he expected to finish in three

or four years. He was actually engaged upon it for twelve,

giving, however, a considerable portion of his time to other

writing for the support of his family. The strain upon hi?

energies for those years was enormous.

He became acquainted with Jeremy Bentham in 1808,

and was for many 3'ears Bentham's chief companion and

ally. In 1810 Bentham, to have ilill nearer him, gave

him jNIilton's house, which adjoined his own, and was his

property. After a few months' trial Mill had to give up
this house on account of his wife's health, and went to live

in Newington Green; but in 1814 Bentham leased the

house No. 1 Queen's Square, now 40 Queen Anne's Gate,

close to his own garden, and gave it to MiU at a reduced

rent; here he remained till 1831.. The intimacy with

Bentham was rendered still closer. For four years, from

1814 to 1817, Bentham was at Ford Abbey, near Chard,

in Somersetshire, and there Mill and his family were

domesticated with him nine or ten months each year,—i;^

which retirement it is probable that MiU was able tc

accelerate the completion of his history.

In the twelve years between 1806 and 1818 tie wrote a

great many articles for various periodicals. Among these

were the Anti-Jacobin Review, the British Review, and the

Eclectic Revieio ; but there is no means of tracing his con-

tributions. In 1808 he began to wiite for the Edinbvrg!
Review, and contributed steadily till 1 8 1 3, most of his article •^

being known. In the Annual Review for 1808 two articles

of his are traced—a " Review of Fox's History," and an

article on " Bentham's Law Reforms," probably his first

published notice of Bentham. The first kno^vn article in

the Edinburgh was on " Money and Exchange " (October

1808). In 1809 (January and July) he wrote at great

length on Spanish America and General Miranda, with

whom he was on terms of intimate friendship. In the J.uly

number he also wrote on China. In 1810 (April) he made
a severe attack on the East India Company. He also

wrote on the liberty of the press and on the Church of

England in connexion with the Lancasterian schools. He
was an active member of the committee for promoting
education on Lancaster's plan. In 181 1 a periodical named
the Philanthropist was started by WilUam Allen, and
published in quarterly numbers till 1817. Mill co-operated

with Allen both in the writing and in the management.
He contributed largely to every number,—his principal

topics being education, freedom of the press, and .prison

discipline (under which he expounded Bentham's " Panop-
ticon"). He made powerfid onslaughts on the church in

connexion with the Bell and Lancaster controversy. In
1814 Macvey Napier engaged him to contribute to the
supplement to the fifth edition of the Encyclopxdin
Britannica. Many of the articles became notable. The
list included " Government," " Jurisprudence," " Lioerty
of the Press," "Prisons and Prison Discipline," "Colony."
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"Law of Nations," "Education," "Beggar," "Benefit
Societies," "Banks for Savings." In "Jurisprudence" and
"Prisons" he was largely indebted to Bentham ; in most
«f the others he was either altogether or in great part

original. The article on " Government " will occupy a
permanent position in English history.

In 181 S was published the History of India, which had
a great and speedy success. It was the means of changing

the author's future position. The year following he was
appointed an oflScial in the India House, in the important

department of the examiner of Indian correspondence.

He gradually rose in rank till he was appointed, in 1830,

head of the office. He introduced his eldest son into the

same department in 1823.

In 1824 Bentham projected the Westminster Review, and
Mill was a principal writer for three years. Some of his

most vigorous writings are included among those contribu-

tions. The first was an elaborate criticism of the Edinbtirgh

Review as 3, whole ; it was followed by an onslaught on the

Quarterly. Other articles dealt with EngUsh history and
with ecclesiastical establishments, which he severely im-

pugned. To a periodical of short duration. The Par-
liamentary History and Review, he contributed an elaborate

political retrospect of the parliament of 1820-26. In

1829 appeared the Analysis of the Human Mind. From
1831 to 1833 he was largely occupied in the defence of the

East India Company during the controversy attending the

renewal of its charter, he being in virtue of his office the

spokesman of the court of directors. In 1834 Sir William

tiolesworth projected the London Review, and Mill con-

tributed to it during the last two years of his life. His

most notable article was one entitled " The Church and its

Reform," which was much too sceptical for the time, and
injured the Review. His last published book was the

Fragment on Mackintosh, which appeared in 1835. He
died on the 23d June 1836

A considerable space would be required to do justice to Mill's

character—iatcUeotual and moral—as shown both in his writings

uid in his intensely active and influential career. He was an ex-

cellent scholar, iu the sense of knowing the Greek and Roman
classics. His other accomplishments included general history, the

philosophy of politics in the most comprehensive acceptation, logic,

ethics, and mental philosophy. The type of his intellect was logi-

cal in the highest degree; he was, above all things, clear and pre-

cise, aa enemy of every form of looseness of reasoning, and a crusher

of prevailing fallr.cies. This is the most notable feature in his

writings thiougbout. His was also an original mind. Except in a

few subjects, which had been so well elaborated by Bentham that

he was content to be little more than an expounder of Bentham's

views, he gave a fresh turn to whatever topic he took up At a

time when social subjects were subjected almost exclusively to an

empirical handling, he insisted on bringing first principles to bear

at every point; in this lay both his strength and his weakness.

His greatest literary monument is the History of India. The
materiiSs for narrating the acquisition by England of its Indian

empire were put into shape for the first time; a vast body of political

theory was brought to bear on the delineation of theiflindu civiliza-

tion ; and the conduct of the actors in the successive stages of the

conquest and administration of India was subjected to a severe

criticism. The work itself, and the author's official connexion with

India for the last seventeen years of his life, effected a complete

change in the whole system of governing that country.

Mill played a great part as a politician and political philosopher

in English affairs as well. He was, more than any other man, the

founder of what was called philosophical radicalism. His writings

on government and his personal influence among the Liberal poli-

ticians of his time determined the change of view from the French

Eevolation theories of the rights of man and the absolute equality

of men to the claiming of securities for good government through

a great extension of the electoral suffrage. Under this banner it

was that the Reform Bill was fought and won.

His work on Political Economy was intended as a text-booK of

the subject, and shows all the author's precision and lucidity. It

followed up the views of Ricardo, with whom Jlill was in habitual

intimacy. It urged strongly the modem application of- the prin-

ciple of population, and started the doctrine of taxing land for the

unearned increment of value.

By his Analysis cf i^s. Mind and his Fragm^t on Mackxntosh

Mill acquired a position in the history oi psycnology and ethics.
Attached to thi a posteriori school, he vindicated its claims with
conspicuous ability. He took up the problems of mind very much
after the fashion of the Scotch school, as then represented by Reid,
Stewart, and Brown, but made a new start, due in part to Hartley,
and still more to his own independent thinking. He carried out the
principle of association into the analysis of the complex emotional
states, as the affections, the ssthetic emotions, and the moral
sentiment, all which he endeavoured to resolve into pleasiirable and
painful sensations. But the salient merit of the Analysis is the
constant endeavour after precise definition of terms and clear state-

ment of doctrines. The Fragment on Mcickinlosh is a severe ex-
posure of the flimsiness and misrepresentations of Mackintosh's
famous dissertation on ethical philosophy. It discusses, in a very
thorough way, the foundations of ethics from the author's point o;

view of utility.

Mill's influence on the young men of his time by nis conversatior.
has been especially celebrated. Among those that came under this
influence were some of tlie greatest names in the generation that
succeeded him. He had himself a very high ideal of pnblic virtue,
which he carried out, at the risk of sacrificing all his chances of
worldly advancement, and he impressed this ideal on those that
surrouuded him,—most of all on his own son, who has since eclipsed
his father in fame, if not in genius.

See J. S. Mill's Autobiography, Bain's Life of James Hill, G. S
Bower's Hartley and James Mill, (A. B. *)

MILL, John (c. 1645-1707), editor of an historically

important critical edition of the New Testament, T'as born
about 1645 at Shap in Westmoreland, entered Queen's
College, Oxford, as a servitor in 1661, and took his master's

degree in 1669. Soon afterwards he was chosen fellow

and tutor of his college; in 1676 he became chaplain to

the bishop of Oxford, and in 1681 he obtained the rectory

of Blechingdon, Oxfordshire, and was made chaplain to

Charles 11. From 1685 till his death he held the appoint-

ment of principal of St Edmund's Hall; and in 1704 he
was nominated by Queen Anne to a prebendal stall in

Canterbury. He died on June 23, 1707, just a fortnight

after the publication of his Greek Testament.

MUI's Novum Tcslamcntum Orsecum, mini Icetionibtis vanantibus
MSS. Exemplarium, Versionum, Edilioiium SS. Patrum et Scrip-
torum Ecclesiasticorum, et in easdetn nqlis (Oxford,' fol. 1707), was
•undertaken by the advice and encouragement of Fell, his predecesscr
in the field of New Testament criticism ; it represents the labour of

thirty years, and is admitted to mark a great advance on all that

had previously been achieved. The text indeed is that of R.
Stephauus (1550), but the notes, besides embodying all previously
existing collections of various readings, add a vast number deriveil

from his o\vn examination of many new MSS. and Oriental versions

(the latter unfortunately he used only in tlie Latin translations).

He was the first to notice, though only incidentally, the value ef

the concurrence of the Latin evidence with the Codex Alexandrinus,
the only representative of an ancient non-Western Greek text then
sufficiently known ; this hint was not lost on Bentiey (see Westcott
and Hort, Introduction to New Testament). Mili's various readings,

numbering about thirty thousand, were attacked by Whitby in Kis

Examen as destroying the validity of the text ; Antony Collins also

argued in the same sense though with a different object The latter

called forth a reply from Bentiey (PhilclctUhcrus Lipsiensis). In 1710

Kuster reprinted Mill's Testament at Amsterdam with the readings

of twelve additional MSS.

MILL, John Stuaet (1806-1873), son of James Mill
(q.v), was born m London on the 20th May 1806. His

education was from first to last undertaken by his father,

and is likely long to remain a standing subject for wonder

and discussion. Much of the wonder is no doubt due to

his father's monstrous inversion of custom, the boy being

set almost as soon as he could speak to work at our time-

honoured subjects of secondary and higher education. He
was taught the Greek alphabet at the age of three, and one

of his earliest recollections, as he has recorded in his auto-

biography, was learning lists of common Greek words with

their English meanings, written for him by his father on

cards. By his eighth year he had gone through in the

original a great many Greek books. " Of grammar," he

says, " until some years later, I learnt no more than the

inflexions of the nouns and verbs, but after a course of

vocables proceeded at once to translation ; and I faintly
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remember going through jEsop's Fables, the first Greek

book which I read. The Atiabasis, which I remember

better, was the second. I learnt no Latin until my eighth

year. At tuat time I had read under my father's tuition

a number of Greek prose authors, among whom I remember

the whole of Herodotus and of Xenophon's Cyropxdia -^nd

Memorials of Socrates, some of the lives of the philosophers

by Diogenes Laertius, part of Lucian, and Isocrates Ad
Demonicum and Ad Nicoclem. I also read, in 1813, the

first six dialogues (in the common arrangement) of Plato,

from the Eutliyphron to the Thealetus inclusive." Besides

all these Greek books, he had read a great deal of history

in English—Robertson's histories, Hume. Gibbon, Watson's

Philip II. and III., Hooke's Roman Histortj, Eollin's

Ancient History, Langhome's Plutarch, Burnet's Ilisiory

of My Own Times, thirty volumes of the Atuiual Peyister,

Millar's Historical View of the English Government,

Mosheim's Ecclesiastical History, M'Crie's Knox, and two

histories of the Quakers.

That Mill " knew Greek " and " read Plato " before he

was eight years old is often repeated, sometimes as an

instance of amazing precocity, sometimes as an awful

example of injudicious parental forcing. The astonishment

that a child should have done so much at such an age is

probably as little grounded in reason as was !MiU's own

opinion that any child might have done the same. It is

forgotten that many thousands of persons have known

Greek before the age of eight without a knowledge of the

technicalities of Greek grammar. In presence of the fact

that Jlill was never distinguished for great memory of

detail or richness of historical or literary allusion, it is a

fair conclusion that the matter of his reading at this age

was of as little service to him in after life as if he had read

the trashiest of boy's ovra books. This is not to say that

for educational purposes his early years were wasted as in

his own and his father's opinion they generally are. But

undoubtedly the main factor in Mill's education was not

„ the literature put into his hands, but his constant inter-

course with the active richly stored mind and strenuous

character of his father. If any should be tempted to

imitate the method, thoy should bear in mind that this

was the cardinal element of it. The tutor was of more
importance than the books. The reading of Plato's

dialogues would have been only an exercise in rough

translation if the boy had not had a Socrates with him in

living communion. The child was a constant inmate of

his father's study, and trotted by his side in his walks,

giving from jottings on slips of paper as good an account

as he could of what he had read. He thus learnt at aa
unusually early age by example, precept, and practice the

habit of strenuous application to difficult wot'ii. The
fact that Mill was taught thus early to take his chief

pleasure in overcoming intellectual difficulties, and to realize

the meaning of general terms, accounts for the singular

and altogether unparalleled ease which he acquired in the

treatment of political and social generalizations, not in

barren abstract vagueness, but in close relation with facts.

This on the intellectual side ; and on the moral side the

child was almost from the dawn of consciousness instructed

to regard himself as consecrated to a life of laboiu- for the

public good ; his ambition was kindled to foUow in the

footsteps of the great men of all ages, and at the same

time the utmost care was taken to purify that ambition

from unworthy motives.

A contemporary record of Mill's studies from eight to

thirteen is published in Dr Bain's sketch of his life. It

shows that the' Autobiography rather understates than

overstates the amount of work done. At the age of eight

he began Latin, Euclid, and algebra, and was appointed

Bchoolmaster to the younger children of the faniily a

post, he hints, more serviceable to his intellect than to his

manners. His main reading was still history, but he went

through all the Latin and Greek authors commonly read

in the schools and universities, besides several that are not

commonly read by undergraduates. He was not taught to

compose either in Latin or in Greek, and he was never an

exact scholar in the academic sense ; it was for the subject-

matter that he was required to read, and by the age of

ten he could read Plato and Demosthenes with ease. His

father's History of India was published in 1818; immedi-

ately thereafter, about the age of twelve, John, under hia

energetic direction, began a thorough study of the scholastic

logic, at the same time reading Aristotle's logical treatises

in the original In the follo\\ing year he was introduced

to political economy. And there, when the pupil was
nearly fourteen, this remarkable education terminated.

From that time he worked less immediately under hia

father's eye. It was an inevitable incident of such an
education that Mill should acquire many of his father's

speculative opinions, and his father's way of defending

them. But his mind did not receive the impress passively

and mechanically. " One of the grand objects of educa-

tion," according to the elder Mill, "should be to generate

a constant and anxious concern about evidence"; and 'na

laboured with all the energy of his strong will against

allowing his son to become a parrot of his own opinions

and arguments. The duty of collecting and weiginng
evidence for himself was at every turn impressed upon tha

boy ; he was taught to accept no opinion upon authority
;

he was soundly rated if he could not give a reason for his

beliefs. John Stuart Mill was deliberately educated as an
apostle, but it was as an apostle of reasoned truth in

human affairs, not as an apostle of any system of dogmatic
tenets. It was purposely to prevent any falling off from
this high moral standard till it should become part of ins

being that his father kept the boy so closely with himselti

Much pity has been expressed over .the dreary cheerless'

existence that the child must have led, cut off from all

boyish amusements and companionship, working day after

day on his father's treadmill ; but a childhood and boyhood
spent in the daily enlargemeiit of knowledge, with the

continual satisfaction of difficulties conquered, buoyed up
by day-dreams of emulating the greatest of human
benefactors, need not have been an unhappy childhood,

and Mill expressly says that his was not imhappy. It

seems unhappy only when we compare it with the desires

of childhood left more to itself, and when we decline to

imagine its peculiar enjoyments and aspirations. Mill

pomplains that his father often required more than could

reasonably be expected of him, but his tasks were not so

severe as to prevent him from growing up a healthy, hardy,

and high-spirited boy, though he was not constitutionally

robust, and his tastes and pursuits were so different from
those of other boys of the same age.

Most of Mill's fifteenth year was spent in France in the

family of Sir Samuel Bentham. Away from his father,

he maintained his laborious habits ; the discipline held.

Copious extracts from a diary kept by him at this time
are given by Dr Bain, and show how methodically and
incessantly he read and wrote, studied botany, tackled

advanced mathematical problems, made notes on the scenery

and the people and custom^ of the country. On his return

in 1821 he continued his old studies with the addition of

some new ones. One of the new studies was Roman law,

which ho read with John Austin, his father having half

decided on the bar as the best profession open to him.
Another was psychology, [u 1823, when he had just
completed his seventeenth year, the notion of the bar as a
livelihood was abandoned, and he entered as a clerk in the

efflmiiier's office of the India House, "with the 'vmder-
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standing that he should be employed from the beginning

in preparing drafts of despatches, and be thus trained up
w a successor to those who then filled the highest depart-

ments of the office."

Mill's work at the India Hoxise, which was henceforth

his livelihood, did not come before the public, and those

who have scouted his political writings as the work of an
abstract philosopher, entirely unacquainted with afiairs,

have ignored the nature of his duties. From the first he
was more than a clerk, and after a short apprenticeship he
was promoted, in 1828, to the responsible position of

assistant-examiner. The duty of the so-called examiners

was to examine the letters of the agents of the Company
in India, and to draft instructions in reply. The character

of the Company's government was almost entirely depend-

ent upon their abilities as statesmen. For twenty years,

from 1836 to 1856, Mill had charge of the Company's
relations with the native states. In the hundreds of

despatches that he wrote in this capacity, much, no doubt,

was done in accordance with established routine, but few

statesmen of his generation had a wider experience of the

responsible application of principles of government to

actual emergencies. That he said so little about this work
in the Avlohiography was probably because his main con-

cern there was to expound the influences that affected his

moral and mental development. A man of different

temperament might have found abundance of dramatic

interest in watching the personal and political changes in

BO many distinct states. But !Mill makes no reminiscences

of this kind, nor does he give any clue to the results of

his own initiative.

To return to his extra-oflBcial activity, which received an

immense impulse about the time of his entering the India

House from what must strike a man of the world as a strange

source. The reading of Dumont's exposition of Bentham's

doctrines in the Traite de Legislation was an epoch in

Mill's life. It awoke in him an ambition as enthusiastic

and impassioned as a young man's first love. The
language that he uses about it in his autobiography reveals

a warmth of inner life that few people would suspect from

the record of hk dry studies. When he laid do-\vn the last

volume, he says, he had become a different being. It

gave unity to the detached and fragmentary component

parts of his knowledge and beliefs. "I now had opinions

—

a creed, a doctrine, a philosophy—in one among the best

senses of the word, a religion, the inculcation and diffusion

of wliich could be made the principal outward purpose of

a life. And I had a grand conception laid before me of

changes to be effected in the condition of inankind through

that doctrine." He had been carefully bred to contemplate

work for human welfare as the ruling motive of his life

;

that motive had now received definite direction.

Many a youth has entered the world with ambition

equally high, but few have felt as Mill felt the first shock

of despair, and fewer still have rallied from that despair

with such indomitable resolution. The main secret of the

great " crisis " of his youthful life is probably to be found

in the lofty ardour of the aspirations then conceived and

shaped. For four years he worked with faith and hope in

his mission, and these were years of incessant propagandist

activity. The enthusiast of seventeen, burning to reorganize

human affairs so a? to secure the greatest happiness of the

greatest number, set siege to the public mind through

several approaches. He constituted a few of his youthful

friends, imbued •n-ith the principles of his new creed, into

a society which he called the " Utilitarian " Society, taking

the word, as ha tells us, from one of Gait's novels. Two

newspapers were open to him—the traveller, edited by a

friend of Bentham's, and the Chronicle, edited by his

father's friend Black. One of his first efforts was a solid

argument for freedom of discussion, in a series of letters

to the Chronicle apropos of the prosecution of Richard
Carlile. But he watched all public incidents with a
vigilant eye, and seized every passing opportunity of

exposing departures from sound principle in parliament
and courts of justice. Another outlet was opened up for

him in 1824 by the starting of the Westminster JSeview,

and still another in the following year in the Parliamentary/
History and Review. This year also he found a congenial
occupation in editing Bentham's Rationale of Judicial

Evidence. Into this he threw himself with zeal. And all

the time, his mind full of public questions, he discussed
and argued eagerly with the many men of promise and
distinction who came to his father's house. He engaged
in set discussions at a reading society formed at Grote's

house in 1825, and in set debates at a Speculative Society

formed in the same year.

"A very disquisitive yoath," was Peacock's description

of young llill at this period, and this was probably how
the enthusiast struck most of his outside acquaintances.

But the glow of a great ambition as well as the energy of

a piercing intellect might have been felt in his writings.

His mission was none thu less arduous that he proposed to

convert the world by reason. Only the fulness of unbroken

hope could have supported his powers, if he had had a

frame of iron, under the strain of such incessant labour.

All of a sudden, a misgiving which he compares to the

Methodist's " first conviction of sin " made a rift in the

wholeness of his faith in hia mission. " It was in the

autumn of 1826. I was in a dull state of nsrves, such

as everybody is occasionally liable to; unsusceptible to

enjoyment or pleasurable excitement ; one of those moods

when what is pleasure at other times becomes insipid or

indifferent In this frame of mind it occurred to

me to put the question directly to myself, ' Suppose that

all your objects in life were realized, that all the changes

in institutions and opinions which you are now looking

forward to could be completely effected at this very

instant, would this be a great joy and happiness to you ?

'

And an irrepressible self-consciousness distinctly answered,

' No !

' At this my heart sank within me ; the whole

foundation on which my life was constructed fell down.

All my happiness was to have been found in the continual

pursuit of this end. The end had ceased to charm, and

how could there ever again be any interest in the means ?

I seemed to have nothing left to live for."

The passage in his autobiography in which Mill gives

an account of this prostrating disenchantment and his

gradual release from its benumbing spell is one of the most

interesting chapters in personal history. The first break in

the gloom came, he tells us, from his reading in Marmontel's

Memoires "the passage which relates his father's death,

the distressed position of the family, and the sudden

inspiration by which he, then a mere boy, felt and made

them feel that he would be everything to them—would
supply the place of all that they had lost." >Iill was

moved to tears by the narrative, and his burden grew

lighter at the thought that all feeling was not dead within

him, that he was not a mere intellectual machine. This

incident, and the delight that he now began to take in

Wordsworth's " Poems founded on the Affections," gives a

clue to one of the secrets of Mill's despondency. It was

an unsatisfied longing for personal affection, for love and

friendship, of which his life hitherto had been barren.

His father seems to have been reserved, cndemonstrative

even to the pitch of chilling sternness in his intercourse

with his family ; and among young Mill's comrades con-

tempt of feeling was almost a watchword, because it is so

i

often associated with mischievous prejudice and wrong

I

conduct. Himself absorbed in abstract questions and pro-
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jects of general philanthropy, he had been careless of

winning or keeping personal attachment. But it was not

till despair first seized him, as he looked back at the

poverty of the results of his work as an apostle, that Mill

began to feel the void in his affections and the need of

human sympathy. We must remember how little when

his ambition was formed he knew of the living world

around him. Ho know in terms that political and social

change must be slow ; he could whisper patience to him-

self, and say to himself that his life must be happy because

the attainment of his great object must occupy the whole

of it ; but without experience he could not have been

prepared for the actual slowness of the reformer's work, or

armed against its terribly oppressive influence. Inevitably

he underrated the stolidity and Strength of the forces

arrayed against him. Four years seems a long tirao at that

age. In 1826 Mill could look back to four years of eager

toil. What were the results t He had become convinced

that his comrades in the Utilitarian Society, who never

numbered more than ten, had not the stiifi in them for a

world-diaking propaganda ; the society itself was dissolved;

the Parliamentary Revieio was a failure ; the Westminster

did not pay its expenses ; Bentham's Judicial Evidence pro-

duced little effect on the reviewers. His own reception at

the Speculative Debating Society, where he first measured

his strength in public conflict, was calculated to produce

self-distrust. He found himself looked upon with curiosity

as a precocious phenomenon, a " made man," an intellectual

machine set to grind certain tunes. The most clear and

cogent reasoning failed to sway his audience. Great things

had been expected of this society as a means of bringing

together for close discussion the leading young men then

in public life or looking forward to it. Its first session

proved a fiasco. The leaders that had been expected stayed

away. With these repulses to his hopes along the whole

line of his activity, Mill must also have suffered from the

nervous exhaustion that only the hope and heat of the

fight had kept him from feeling be^re. ' No wonder that

he was disheartened, began to feel defects in his father's

training, to question and analyse his own faith, to yearn

for the solace of personal affection, and to reconstitute his

scheme of life.

That in spite of this rude shock the foundations laid by
his early training remained stable appears from the facts

that all through the period of his gloom he continued

working as before, and that he considered himself bound,

once convinced that his old plan of life was insuiHcient, to

build up a thoroughly reasoned new plan wherewith to

give new heart and hope to his work. The new system

was much less different from the old than might be sup-

posed from what he says of the struggle that it cost him
to reach it. Regard for 'the public good was still his

religion, the ruling motive that gave unity to his conduct.

But he now recognized that this was too vague and insub-

stantial an object to be sufficient of itself for the satisfac-

tion of a man's affections. It is a proof of the dominating

force of his father's character that it cost the younger Mill

such an effort to shake off his stern creed about poetry

and personal emotion. Like Plato, the elder Mill would
have put poets under ban as ministers of prejudice and
enemies of truth. And he often insisted on the wisdom
of restricting as ranch as possible the private affections,

while expanding as much as possible the public affections.

Lander's ma.xim of " few acquaintances, fewer friends, no
familiarities " had his cordial approval. These doctrines

the younger Mill at first took up with boyish enthusiasm

and pedantry, but it was against this part of his father's

creed that he now felt himself forced in reason to revolt.

He stood too much in awe of hLs father to make him the

confidant of his difficulties. He WTOstled with them in

the gloomy solitude of his own mind. Ho was victorious
;

he reached firm ground at last ; but the struggle left him

in several respects changed. He carried out of the struggle

as the fruits of victory a more catliohc view of the elements

of human happiness, a delight in the poetry of nature and

the affections as well as the poetry of heroic unselfish

character and action, a disposition to study more sympa-

thetically the point of view of opponents, a more courteous

style of polemic, a hatred of sectarianism, an ambition

no less noble and disinterested but moderated to practical

possibilities.

In the course of the next few years Jlill WTote compara-

tively httle, fcut he "carried on," as he says, "a quantity

of thinking respecting a host of subjects." It was a period

of search, deliberation, germination, and striking root.

Coincident if not causally connected with the relief from

his spiritual crisis came his first consciousness of power
as "an original and independent thinker." In the dia-

lectic conversations with a small band of students at

Grote's house, he regained the self-confidence that had been

shaken in the larger and rougher arena of the Speculative

Debating Society. The beginning of his works on log^c

and political economy may be traced back to those discus-

sions, and he learnt from them, he teUs us, the habit of

"never accepting half solutions of difficulties as complete

;

never abandoning a puzzle, but again and again returning

to it until it was cleared up ; never allowing obscure

corners of a subject to remain unexplored, because they did

not appear important ; never thinking that he perfectly

understood any part of a subject until he understood the

whole." He learnt also an important moral lesson from
the Speculative Society, besides learning the strong points

of other political and social creeds and the w^eak points of

Benthamism from defending it point by point against all

comers. With all his despondency, he did not abandon
the meetings of the society after the fiasco of the first

session. He stood by it firmly, and in a short time had
the triumph of seeing its debates famous enough to attract

men with whom it was profitable for him to interchange

opinions, among others Maurice and Sterling. He ceased

to attend the society in 1829, but he carried away from

it the strengthening memory of failure overcome by per-

severing effort, and the important doctrinal conviction that

a true system of political philosophy was " something much
more comjjlex and many-sided than he had previously had
any idea of, and that its office was to supply, not a set

of model institutions, but principles from which the insti-

tutions suitable to any given circumstances might be

deduced."

The first sketch of Mill's political philosophy appeared

in a series of contributions to the Exami7ier in the autumn
of 1830 on "Prospects in France." He was in Paris soon

after the July Revolution, made the acquaintance of the

leading spirits among the younger men ; and in his discus-

sion of what they were doing and what they should do in

making a now constitution we find the germs of many
thoughts afterwards more fully developed in his •Represen-

tative Government.

The division of a mans life into periods must always
be a rough partition, but we may conveniently and uath
tolerable accuracy take these letters as marking the close

of his period of meditative search, of radication, and his

return to hopeful aspiring activity. It was characteristic

of the nature of the man that he should be stirred to such
delight by the Revolution in Franco, and should labour so

earnestly to make his countrymen understand with what
gravity and sobriety it had been effected. Their owb
Reform Bill came soon after, and it is again characteristir

of Mill—at once of his enthusiasm tod of his steady deter-

mination- to do for humanity the work that nobody else
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eeemed able or willing to do—that we find him in the heat

of the struggle in 1831 writing to the Examiner a series

of letters on " The Spirit of the Age " which drew from
Carlylc the exclamation, "Here is a new mystic!" Wo
can easily see now what it was in these remarkable essays

that fascinated Carlyle ; it was the pervading opinion that

in every natural state of society power must be in the

hands of the wisest. This was the condition of stability

;

when power and wisdom ceased to coincide, there was a

disturbance of the equilibrium till this coincidence was
again effected. But whether Carlyle was right in tlie

epithet ''mystic" may be judged from the fact that Mill's

inductive logic was the direct result of his aspirations after

political stability as determined by the dominion of the

wisest. " Why is it," he asked, " that the multitude accept

implicitly the decisions of the wisest, of the specip.lly

skilled, in physical science ? " Because in physical science

there is all but complete agreement in opinion. " And why
this agreement ? " Because aU accept the same methods
of investigation, the same tests of truth. Is it possible

then to obtain unanimity as to the methods of arriving at

conclusions in social and political matters, so as to secure

similar agreement of opinion among the specially skilled,

and similar general respect for their authority? The
same thought appears in a review of Herschel's H'atural

Philosophy, written about the same time. Mill remarks
that the uncertainty hanging over the very elements of

moral and social philosophy proves that the means of

arriving at the truth in those sciences are not yet properly

understood. " And whither," he adds, " can mankind so

advantageously turn, in order to learn the proper means,
and to form their minds to the proper habits, as "to that

branch of knowledge in which by universal acknowledg-
ment the greatest number of truths have been ascertained,

and the greatest possible degree of certainty arrived at
!

"

By 1831 Mill's enthusiasm for humanity had been
thoroughly reawakened, and had taken the definite shape
of an aspiration to supply an unimpeachable method of

search for conclusions in moral and social science. From
the platform on which Carlyle and Mill met in 1831 they

travelled different roads,—the one to preach the duty of

obedience to the wisest, the other to search for a means by
which wisdom might be acquired such as would command
respect and win the assent of free conviction. No mystic

ever worked with warmer zeal than Slill. But his zeal

encountered a check which baffled him for severlil years,

and which left its mark in various inconsistencies and
incoherences in Jiis completed system. He had been bred

by his father in a great veneration for the syllogistic logic

as an antidote against confused thinking. He attributed

to his early discipline in this logic an impatience of vague
language which in all likelihood was really fostered in him
by his study of the Platonic dialogues and of Bentham, for

he always had in himself more of Plato's fertile ingenuity

in canvassing the meaning of vague terms than the school-

man's rigid consistency in the use of them. Be this as it

may, enthusiastic as he was for a new logic that might
give certainty to moral and social conclusions. Mill was no
less resolute that the new logic should stand in no
antagonism to the old. In his Westminster review of

Whatel/s Logic in 1828 (invaluable to all students of the

genesis of Mill's logic) he appears, curiously enough, as an

ardent and brilliant champion of the syllogistic logic against

highfliers such as the Scotch philosophers who talk of

"superseding" it by "a supposed system of inductive

logic." His inductive logic must "supplement and not

supersede." It must be concatenated with the syllogistic

logic, the two to be incorporated in one system. But for

several years he searched in vain for the means of con-

<a.te&atioa.

Meantime, while recurring again and again, as was his
custom, to this cardinal difficulty, Mill worked indefatigably

in other directions where he saw his way clear, exjxitiating

over a wide range of political, social, economical, and
philosophical questions. The working of the new order ia

France, and the personalities of the leading men, had a pro-

found interest for him ; he wrote on the subject in the

Examiner. He had ceased to write for the Westminster

in 1828; but during the years 1832 and 1833 he con-

tributed many essays to Tait's Magazine, the Jurist, and
the 2Ionthly Repository. In 1835 the London Review was
Btarted, with Mill as editor ; it was amalgamated with the

Westminster in 1836, and Mill continued editor till 1810.

Much of what he wrote then was subsequently incorporated

in his systematic works ; some of his essays were reprinted

in his first two volumes oi hissertations and Discussions

(1859). The essays on Bentham and Coleridge constituted

the first manifesto of the new spirit which Mill sought to

breathe into English Radicalism. But the reprinted papers

give no just idea of the immense range of MUl's energy at

this time. His position in the India Office, where alone

he did work enough for most men, cut him off from
entering parliament; but he laboured hard though
ineffectually to influence the legislature from without by
combating the disposition to rest and be thankful. In

his Autobiography he admits that the attempt to form a

Eadical party in parliament at that time was chimerical.

It was in 1837, on reading Whewell's Inductive Sciencet

and re-reading Herschel, that Jlill at last saw his way
clear both to formulating the methods of scientific investh

gation and joining on the new logic as a supplement to the

old. Epoch-making as his logic undoubtedly was, fron

the multitude of new views opened up, from the additiot

of a now wing to the rambling old building, and from the

inspiring force with which every dusty chamber was

searched into and illuminated, iMill did not escape all the

innumen.ble pitfalls of language that beset the pioneer in

such a subject. It is evident from a study of his purpose?

and the books from which he started that his worst

perplexities were due to his determination to exhibis

scientific method as the complement of scholastic logic.

In his defence of the syllogism he confounds the syllogistic

forms with deductive reasoning. Every deductive reason-

ing may be thrown into the form of a syllogism, but not

every syllogism is deductive. The reasoning in several of

the syllogistic forms is not deductive at all in the sense

of involving a movement from general to particular.

Although he knew Aristotle in the original. Mill did not

recognize the fact that the syllogistic machinery was

primarily constructed for the reasoning together of terms.

As regards the word induction, Mill uses it in different

connexions to cover three or four distinguishable meanings

—induction viewed as the establishment of predications

about a general term, induction viewed as inference from

the known to the unknown, induction viewed as verifica-

tion by experiment, and induction viewed as the proof of

propositions of causation. The form of his system was

really governed by the scholastic notion of induction as a

means of establishing general propositions ; the inductive

part of his system is introduced after the deductive under

this character ; while the greater portion of the substance

of what he treats of under the name of induction, and

especially the so-called experimental methods, have nothing

whatever to do with the establishment of general proposi-

tions, in the technical sense of general propositions.

But the permanent value and influence of Mill's inductive

logic is not to be measured by technical inaccuracies and

inconsistencies, to which an academic mind may easily

attach undue importance. In tLs technical history of the

science. Mill's Logic may be viewed as an attempt to fuse
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the practical tests of truth set forth in Herschel's Discourse

on Xalural Philosoph;/ with the theoretic views of induc-

tion propounded in Whatel/s Logic. But in the history

of thought the great importance of the work is due not so

much to its endeavour to formulate the methods of science

and lay bare the first principles on which they rest as to

its systematic application of scientific method to what he
called the moral sciences. Jlill has often been criticized

as if he had pretended to teach men how to conduct their

investigations and how to make discoveries in the physical

sciences. His work was rather to educe from the practice

of men of science the principles on which they proceed in

testing and proving their speculations concerning cause

and effect in the physical world, and see w^hether the same
principles could not be applied in testing and proving
speculations concerning cause and effect in the moral
world. What is the effect upon human character and
human happiness of given social and physical conditions

—

cUmate, institutions, customs, laws ? How can conclusions

upon such points be proved ? These were the questions

in which Hill was interested, and the striking novelty of

his work was its endeavour to show that propositions of

cause and effect in human affairs must be proved, if they

admit of proof at all, absolute or approximate, on the

same principles with propositions of cause and effect in

the material world.

The Logic was published in 1843. In 1844 appeared
his Essays on Soiiie Unsettled Questions in Political

Economi/. These essays were worked out and written

many years before, and show Mill in his first stage as a
political economist. Four out of the fivs essays are

elaborate and powerful solutions of perplexing technical

problems—the distribution of the gains of international

commerce, the influence of consumption on production, the

definition of productive and unproductive labour, the pre-

cise relations between profits and wages. Though Mill

appears here purely as the disciple of Kicardo, striving

after more precise statement, and reaching forward to

further consequences, we can well understand in reading
these essays, searching, luminous, large and bold in outline,

firmly wrought in detail, how about the time when he first

sketched them he began to be conscious of power as an
original and independent thinker.

That originality and independence became more con-
spicuous when he reached his second stage as a political

economist, struggling forward towards the standpoint
from which his systematic work was written. It would
seem that in his fits of despondency one of the thoughts
that sat upon him like a nightmare and marred his dreams
of human improvement was the apparently inexorable
character of economic laws, condemning thousands of
labourers to a cramped and miserable existence, and
thousands more to semi-starvation. From this oppressive
feeling he found relief in the thought set forih in the
opening of the second book of his Political Economy—that,

while the conditions of production have the necessity of
physical laws, the distribution of what is produced among
the various classes of producers is a matter of human
arrangement, dependent upon alterable customs and
institutions. There can be little doubt that this thought,
whether or not in the clear shape that it afterwards
assumed, was the germ of all that is most distinctive in
his system of political economy. It was as far as possible
from the rigidity of his method of exposition to fall into
the confusion of supposing that it was for political

economy to discuss the equity of different modes of
distribution, or the value of other objects of human
endeavour conflicting with the production of wealth ; but
he put economic inquiries clearly in their proper place as
leading to conclusions that were not always final and bind-

ing on the practical statesman, but had to bo taken with

otter considerations as governing rational human action.

Besides thus putting political economy in its just correla-

tion with other parts of social science and conduct. Mill

widened the scope of economic inquiries by discussing the

economic consequences of various ideal social arrangements,

and more especially different modes of distributing produce

between landlord, capitalist, and labourer. Jlill certainly

redeemed political economy from the reproach of being a

dry science. Nobody with any interest in human improve-

ment can read his work with indifference. And he did

this without in any way disturbing the original conception

of political economy as the science of cause and effect in

the production of wealth. One of his most eminent

successors, the late Professor Cairnes, thus admirably

summed up his work as a political economist :
—

" As he
himself used to put it, Ricardo supplied the backbone of

the science ; but it is not less certain that" the limbs, the

joints, the muscular developments—all that renders

political economy a complete and organized body of

knowledge—have been the work of Mill."

While his great systematic works were in progress,

Mill wrote very Little on events or books of the day. He
turned aside for a few months from his Political Economy
during the winter of the Irish famine (1846-47) to

advocate the creation of peasant-proprietorships as a
remedy for distress and disorder in Ireland. He found

time also to write elaborate articles on French history and
Greek history in the Edinhurgh Review apropos of !Michelet,

Guizot, and Grote, besides some less elaborate essays.

The Political Economy was published in 1848. Mill

could now feel that the main work he had proposed for

himself was accomplished ; but, though he wrote compara-

tively little for some years afterwards, he remained as

much as ever on the alert for opportunities of useful

influence, and pressed on with hardly diminished

enthusiasm in his search for useful truth. Among other

things, he made a more thorough study of socialist WTiters,

with the result that, though he was not converted to any
of their schemes as being immediately practicable, he
began to look upon some more equal distribution of the

produce of labour as a practicability of the remote future,

and to dwell upon the prospect of such changes in human
character as might render a stable society possible without

the institution of private property. This he has called his

third stage as a political economist, and he says that he
was helped towards it by the lady, Mrs Taylor, who became
his wife in 1851, and with whom he had lived in intimate

friendship for more than twenty years before. It is

generally supposed that he writes with a lover's fextrava-

gance about this lady's powers when he compares her with

Shelley and Carlyle. But a little reflexion will show that

ho wrote with his usual accuracy and sobriety when he
described her influence on him. He expressly says that

he owed none of his technical doctrine to her, that she

influenced only his ideals of life for the individual and for

society. ; and his language about her is really only a
measure of the importance that he attached to such ideals

above any systems of reasoned truth. There is very little

propositional difference between Mill and his father ; but
it is obvious from what he says that his inner Life became
very different after he threw off his father's authority.

This new inner life was strengthened and enlarged by Mrs
Taylor. We must remember also that Mill in his early

years had been so strictly secluded from commonplace
sentiment that what the general world would consider

commonplace must have come to him with all the freshness

of a special revelation.

During the seven years of his married life Mill published

less than in any other period of his career, but four of his
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most closely reasoned and characteristic works, the Liberty,

the Utilitarianism, the Thoughts on Parliamentary Reform,
and the Subjection cf Women, besides his posthumously
published essays on Nature and on the Utility of Religion,

were thought out and partly written in collaboration with

his wife. In 1856 he became head of the examiner's

office in the India House, and for two years, till the

dissolution of the Company in 1858, his official work,

never a light task, kept him fully occupied. It fell to

him as head of the office to write the defence of the

Company's government of India when the, transfer of its

powers was proposed. Mill was earnestly opposed to the

transfer, and the documents in which he substantiated the

proud boast for the Company that " few governments even

under far more favourable circumstances have attempted
so much for the good of their subjects or carried so many
of their attempts to a beneficial issue," and erposed the

defects of the proposed new government, are models of

trenchant and dignified pleading. His prediction that the

Indian Secretar/s council would serve as a screen and
not as a check was in the opinion of many amply verified

a' few years ago.

On the dissolution of the Company, Mill was offered a

seat in the new council, but declined. His retirement

from official work was followed almost immediately by his

wife's death, and- from this calamity he sought reUef in

active literary occupation. Politics, sociology, and psycho-

logy divided as before the energies of his active mind.

One of his first cares was to publish with a touching

dedication to his wife the treatise on Liberty, which they

had wrought out together, principle by principle and
sentence by sentence. This pious duty discharged, he
turned to current poUtics, and published, in view of the

impending Keform BUI, a pamphlet on parliamentary

reform. The chief feature in this was an idea concerning

which he and Mrs MUl often deliberated, the necessity

of providing checks against uneducated democracy. His

fanciful suggestion of a plurality of votes, proportioned to

the elector's degree of education, was avowedly put forward

only as an ideal ; he admitted that no authentic test of

education could for the present be found. An anonymous
Conservative caught at the scheme in another pamphlet,

proposing income as a test. Soon after, Mill supported

in Fraser's, still with the same object, Mr Hare's scheme
for the representation of minorities. In the autumn of

the same year he turned to psychology, reviewing Mr
Bain's works in the Edinburgh Review.

In this way the indefatigable thinker worked on, throw-

ing himself by turns into the various lines along which he

saw prospects of fulfilling his mission as an apostle of pro-

gress. In his Representative Government (I860) he systema-

tized opinions already put forward in many casual articles

and essays. His Utilitarianism (published in Fraser's in

1861) was a closely reasoned .systematic attempt to answer

objections to his ethical theory and remove misconceptions

of it. As the inventor of the term Utilitarianism, he was

entitled to define its meaning; and he was especiaUy

anxious to make it clear that he included in utility the

pleasures of the imagination and the gratification of the

higher emotions, and to show how powerfully the good of

mankind as a motive appealed to the imagination. His

treatise on the Subjection of Women, in its ruling intention

a protest against the abuse of power, was Mill's next work,

though it was not published till 1869. His Examination

of Hamilton's Philosophy, published in 1865, had engaged

1 large .share of his time for three years before. When it

first occurred to him that a criticism of the chief of our

native intuitional psychologists would cause a wholesome

stir and serve enlightenment, he thought only of an article

such iws he wrote about Austin's Jurisprudence or Grote's!,

36—13*

Plato. But he scon found that the subject required a book,
and i. book appeared which certainly answered the purpose
of rousing the sleepy realms of philosophy and theology.

• AVhile mainly occupied in those years ivith philosophical
studies, Mill did not remit his interest in current politics.

He made his -voice heard on the contest in America in

1862, taking the side of the North—then very unpopular
in London—and using all his strength to explain what has
since been universally recognized as the issue really at
stake in the struggle, the abolition of slavery. It was
characteristic of the closeness with which he watched
current events, and of his zeal in the cause of " lucidity,"

that, when the Reader, an organ of science and unpartisan
opinion, fell into difficulties in 1865, Mill joined with some
distinguished men of science and letters in an effort to keep
it afloat. He supplied part of the money for carrying it

on, contributed several articles, and assisted the editor,

Mr Fraser Rae, with his advice. The effort was vain,

though such men as Herbert Speucer, Huxley, Tyndall,

Cairnes, Mark Pattison, F. HarrLson, Sir Frederick Pollock,

and Lockyer were among the contributors.

In 1865 a new channel was opened to his influence.

He was requested to stand for Westminster, and agreed
on conditions strictly in accordance with his principles of

parliamentary election. He would not canvass, nor pay
agents to canvass for him , nor would he engage to attend

to the local business of the constituency. He was with
difficulty persuaded even to address a meeting of the

electors. The story of this remarkable' election has been
told by Mr James Beal, one of the most active supporters

of Mill's candidature. In parliament he adhered to his

lifelong principle of doing only work that needed to be

done, and that nobody else seemed equally able or willing

to do. . It may have been a consciousness of this fact

which prompted a remark made by the Speaker that Mill's

presence in parliament elevated the tone of debate. The
impression made hy him in parliament is in some danger

of being forgotten, because he was not instrumental in

carrying any great measure that might serve as an abiding

memorial. But, although in one of his first speeches

against the suspension of the Habeas Corpus Act in Ireland

he was very unfavourably received, Jlill thoroughly

succeeded in what is called " gaining the ear of the House."

The only speech made by him during his three years in

parliament that Was listened to with impatience vioa,

curiously enough, his speech in favour of counteracting

democracy by providing for the representation of minorities.

His attack on the conduct of General Eyre in Jamaica

was listened to, but witli repugnance by the majority,

although his action in this matter in and out of parliament

was far from being ineffectual. He took an active part in

the debates on !Mr Disraeli's Reform Bill, and helped to

extort from the Government several useful modifications

of the BUI for the Prevention of Corrupt Practices. The
reform of land tenure in Ireland, the representation of

women, the reduction of the national debt, the reform of

London government, the abrogation of ths declaration of

Paris, were among the topics on which he spoke with

marked effect. He took occasion more than once to

enforce what he had often advocated in writing, England's

duty to intervene in Continental politics in support of the

cause of freedom. As a speaker MUl was somewhat

hesitating, pausing occasionally as if to recover the thread

of his argument, but he showed great readiness in extem-

poraneous debate. Viewed as a candidate for ministerial

office, he might be regarded as a failure in parliament, but

there can be no doubt that his career there greatly extended

his influence.

MiU's subscription to the election expenses of 1&
Bradlaugh, and his attitude towards Governor Eyre, arc
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generally regarded as the main causes of his defeat in the

general election of 186S. But, as ho suggests himself, his

studied advocacy of unfamiliar projects of reform had made
him unpopular with " moderate Liberals." When he was
first elected on a sudden impulse of enthusiasm, extremely

little was known about him by the bulk of the electorate;

and his writing about checks against democracy had pre-

pared many for a more conservative attitude on questions

of practical politics. He retired with a sense of relief to

his cottage and his literary life at Avignon. His parlia-

mentary duties and the quantity of correspondence brought

upon him by increased publicity had absorbed nearly the

whole of his time. The scanty leisure of his first recess

had been devoted to writing his St Andrews rectorial

address on higher education and to answeri.ng attacks on
his criticism of Hamilton ; of the second, to annotating, in

conjunction with Mr Bain and Mr Findlater, his father's

Analysis of the Mind. But now he could look forward to

a literary life pure and simple, and his letters show how
much he enjoyed the change. His little cottage was filled

with books and newspapers ; the beautiful country round

it furnished him with a variety of walks ; he read, wrote,

discussed, walked, botanized. His step-daughter. Miss
Taylor, his constant companion after his wife's death,

"architect and master-mason all in one," carried out

various improvements in their quiet home for the philo-

sopher's comfort. "Helen," he wrote to Mr Thornton,
" has carried out her long-cherished scheme (about which
she tells me she consulted you) of a ' vibratory ' for me,

and has made a pleasant covered walk, some 30 feet long,

where I can vibrate in cold or rainy weather. The
terrace, you must know, as it goes round two sides of the

house, has got itself dubbed the ' semi-circumgyratory.'

In addition to this Helen has built me a herbarium, a

little room fitted up with closets for my plants, shelves

for my botanical books, and a great table whereon to

manipulate them all. Thus, you see, with my herbarium,

my vibratory, and my semi-circumgyratory, I am in clover

;

and you may imagine with what scorn I think of the

House of Commons, which, comfortable club as it is

said to be, could offer me none of these comforts, or, more
perfectly speaking, these n«cessaries of life." Mill was an
enthusiastic botanist all his life long," and a frequent con-

tributor of notes and short papers to the Pliytologist. One
of the things that he looked forward to during Ms last

journey to Avignon was seeing the spring flowers and
completing a flora of the locality. His delight in scenery

frequently appears in letters written to his friends during
his summer and autumn tours.

No recluse ever had a more soothing retreat than Mill's

Avignon cottage, but to the last he did not relax his

laborious habits nor his ardent outlook pn human afiairs.

The essays in the fourth volume of his dissertations—on
endowments, on land, on labour, on metaphyseal and
psychological questions—were written for the Fortnightly

Review at intervals after his short parliamentary career.

One of his first tasks was to send his treatise on the

Subjection of Women through the press. The essay on
Theism was written soon after. The last public work in

which he engaged was the starting of the Land Tenure
Reform Association. The interception by the state of the

unearned increment, and the promotion of co-operative

agriculture, were the most striking features in his pro-

gramme. He wrote in the Examiner and made a public

speech in favour of the association a few months before

his death. The secret of the ardour with which he tqok
up this question probably was his conviction that a great

struggle was impending in Europe between labour and
capital. He regarded his project as a timely compromise.

Mill died at Avignon on the 8th of May 1873.

WitLin the limita of this article it is impossible to attempt a

criticism of Mill's conclusions in so many helds of research; one

must be content with trying to indicate the purpose and the.spirit

of his work. Perhaps we still stand too near to judge with mt bias;

some years hence men will be better able to say whethei he made
sciolism less reckless or brought mankind appreciably nearer that

dominion of the wisest which was the remote goal of liis endeavour.

It will be long before humanity finds a nobler example of the

searcher after the best means of social improvement. He sought

after clear ideas with the aidour of a mystic, the patience and
laborious industry of a man of science; he encountered opponents

with a generosity and a courtesy worthy of &ny prcux chn-alicr of

modiaival romance, while he was not inferior to that ideal in the

vigour of his blows against injustice. As regards his influence, it

has been well said that "no calculus can integrate the innumerable

pulses of knowledge and of thought that ho has made to vibrate in

the minds of his generation." Ho quickened thought upon every

problem that he touched. Any estimate of Mill's service to political

or pliilosophical thought at this moment is liable to be injuri-

ously affected by the temporary discredit into which some of his doc-

trines have fallen. He was not infallible; he made no' claim to dog-

matic authority. But in criticism of detail, according to our present

light, we may pasily blind ourselves to the greatness of the work
thit Mill accomplished in the development of opinion. (W. M.)

MILLAU, or Milhau, capital of an arrondissement in

the department of Ave3Ton, France, is situated on the left

bank of the Tarn, half a mile below the point at which
that river is joined by the Dourbie, and 48 miles to the

south-east of Rodez, on the Rodez and Montpellier line.

Itself 1210 feet above the level of the sea, it is overlooked

by hills covered vrith vineyards and fruit trees or by bare and
scarped rocks. The streets of Millau are narrow, and some
of the houses of great antiquity, but the town is surrounded

by spacious boulevards. On two sides the Place d'Armes
is adorned by stone columns supporting gaUeries of wood

;

the-only buildings of special interest are the Romanesque
church of Notre Dame, and {he belfry of the old hStel de
ville. The principal industry is the manufacture of gloves,

but various branches of the leather manufacture are also

carried on. The chief articles of commerce are wool (both

raw and prepared), Roquefort cheese, wine, almonds, and
live stock. The population in 1881 was 16,628.
The viscounts of Millau are mentioned as early as the 10th

centuTy; in the 16th it became one of the leading strongholds of

the Reformed party in the south of France. Its industry suffered

severely by the revocation of the edict ot Nantes.

ItllLLENNIUM. In the Mstory of Christianity three

main forces are found to have acted as auxiliaries of the

gospel. They have elicited the ardent enthusiasm of many
whom the bare preaching of the gospel would never have

made decided coiiverts. These are (1) a belief in the

speedy return of Christ and in His glorious reign on earth;

(2) mystical contemplation, which regards heavenly bless-

ings as a possible possession in the present life; and (3)

faith in a divine predestination of some to salvation and
others to perdition. Each of these forces has at particular

times proved too strong for church authority and burst the

embankments with which the church had at once narrowed
and protected Christian life and thought. They have pro-

duced ecclesiastical, social, and political convidsions, where

the elemental force of religious conviction has destroyed

all organization, whether of church or of state. They have
released from its fetters the free spirit of Christianity,

though often enough they have associated with it a

fanaticism more damaging to the gospel than the temporiz-

ing policy of the hierarchy.

First in point of time came the faith in the nearness of

Christ's second advent and the establishing of His reign of

glory on the earth. Indeed it appears so early that it

might be questioned whether it ought not tc> be regarded

as an essential part of the Christian religion. That
question, however, will scarcely be answered in the affirma-

tive. The ideas of the Sermon on the Mount, or the

pregnant thoughts of the Pauline theology, are independent

of the expectation that the kingdom of glory will shortly



MILLENNIUM 315
he established. On the other hand, it must bo admitted
that this expectation was a prominent feature in the earliest

proclamation of the gospel, and materially contributed to

its success. If the primitive churches had been under the

necessity of framing a " Confession of Faith," it would
certainly have embraced those pictures by means of which
the near future was distinctly realized. But then these

pictures and dreams and hopes were just the things that

made systematized doctrine impossible^ it is possible to

formulate the mythological ideas, but not the shifting

imagery of the imagination.

In the anticipations of the tuture prevalent amongst the

early Christians (c. 50-150) it is necessary to distinguish

a fised and a fluctuating element. The former includes

(1) the notion that a last terrible battle with the enemies

of God was impending
; (2) the faith in the speedy return

of Christ
; (3) the conviction that Chi-ist will judge all

men, and (4) will set up a kingdom of glory on earth.

To the latter belong views of the Antichrist, of the heathen

world-power, of the place, extent, and duration of the

earthly kingdom of Christ, itc. These remained in a state

of solution ; they were modified from day to day, partly

because of the changing circumstances of the present by
which forecasts of the future were regulated, partly because

the indications—real or supposed—of the ancient prophets

always admitted of new combinations and constructions.

But even here certain positions were agreed on in large

sections of Christendom. Amongst these was the expecta-

tion that the future kingdom of Christ on earth should

have a fixed duration,—according to the most prevalent

opinion, a dui-ation of one thousand years. From this fact

the whole ancient Christian eschatology was known in

later times as " chiliasm,"—a name which is not strictly

accurate, since the doctrine of the millennium was only one
feature in its scheme of the future.

1. This idea that the Messianic kingdom ot the future

on earth should have a definite duration has—like the

whole eschatology of the primitive church—its roots in the

Jewish apocalyptic literature, where it appears at a com-
parativMy late period. At first it was assumed that the

Messianic kingdom in Palestine would last for ever (so the

prophets ; cf. Jerem. xxiv. 6 ; Ezek. xxxvii. 25 ; Joel iv.

20 ; Daniel vi. 27 ; Sibyll. iii. 49 sq., 766 ; Psalt. Salom.

rvii. 4; Enoch Ixii. 14), and this seems always to have

been the most widely accepted view (John sii. 34). But
from a comparison of prophetic passages of the Old Testa-

ment learned apocalyptic writers came to the conclusion

that a distinction must be drawn between the earthly

appearance . of the Messiah and the appearance of God
Himself amongst His people and in the Gentile world for

the final judgment. As a necessary consequence, a limited

period had to be assigned to the Messianic kingdom. It

is not altogether improbable that the mysterious references

to the sufferings of the Messiah had also an influence on

some minds. This, however, is doubtful. It is certain at

all events that the whole conception marks the beginning

of the dissolution of realistic and sensuous views of the

future. The age was too advanced to regard the earthly

Messianic kingdom as the end. There was an effort to

find a place among the hopes of the future for those more
spiritual and universal anticipations, according to which

eternal and heavenly blessedness will be the portion of the

faithful, this earth and heaven vnU. pass away, and God
will be aU in all. As to the period to be assigned to this

earthly kingdom, no agreement was ever reached in

Judaism, any more than in the detailed descriptions of its

joys and pleasures. According to the ApocalyjDse of Baruch

(jd. 3) this kingdom will last "donee finiatur mundus
corruptionis." In the Book of Enoch (xci. 12) '"a week"
is specified, in the Apocalj'pse of Ezra (vii. 28 sq.) four

hundred years. This liguie, corresponding to tne four
hundred years of Egyptian bondage, occurs also in the
Talmud (Sanhedrin 99a). But this is the only passage

;

the Talmud has no fixed doctrine on the point. The
view most frequently expressed there (see Von Otto in

IlUgenfdd's ZeiUchrift, 187?, p. 527 sq.) is that the
ilessianic kingdom will last for one thousand (some said

two thousand) years. '• fn six days God created the
world, on the seventh Ho rested. But a day of God is

equal to a thousand years (Ps. xc. 4). Hence the world
will last for six thousand years of toil and labour ; thea
will come one thousand years of Sabbath rest for the people
of God in the kingdom of the Messiah." This idea must
have already been very common in the first century before
Christ. The combination of Gen. j., Dan. ix., and Ps. xc.

4 was peculiarly fascinating.'

2. Jesus Himself speaks of only one return of the Son
of Man—His return to judgment. In speaking of it, and
of the glorious kingdom He is to introduce, He makes use
of apocalyptic images (Matt. viii. 11, xxvi. 29 ; Luke xxii.

• 16; Matt. xix. 28); but nowhere in the discourses of

Jesus is there a hint of a limited duration of the Messianic

kingdom. The apostolic epistles are equally free from
any trace of chiliasm (neither 1 Cor. xv. 23 sq. nor 1 Thess.

iv. 16 sq. points in this direction). In the Apocalypse of

John, however, it occurs in the following shape (chap. xx.).

After Christ- has appeared from heaven in the guise ef a
warrior, and vanquished the antichristian world-power,

the wisdom of the world, and the devil, those who have

remained steadfast in the time of the last catastrophe, and
have given up their lives for their faith, shall be raised up,

and shall reign with Christ on this earth as a royal priest-

hood for one thousand years. At the end of this time Satan

is to be let loose again for a short season ; he *ill prepare

a new onslaught, but God will miraculously destroy him
and his hosts. Then will follow the general resurrection

. of the dead, the last judgment, and the creation of new
heavens and a'new earth. That all believers will have a

share in the first resurrection and in the Messianic

kingdom is an idea of which John knows nothing. The
earthly kingdom of Christ is reserved for those who have

endured the most terrible tribulation, who have withstood

the supreme effort of the world-power,—that is, for those

who are actually members of the church of the last daya

The Jewish expectation is thus considerably curtailed in

the hands of John, as it is also shorn of its sensnal

attractions. " Blessed and holy is he that hath part in the

first resurrection ; on such the second death hath no power

;

but they shall be priests of God and of Christ, and shall

reign with Him a thousand years." -More than this John

,
does not say. But other ancient Christian authors were

not so cautious. Accepting the Jewish apocalypses as

sacred books of venerable antiquity, they read them eagerly,

and transferred their contents bodily to Christianity. Nay
more, the Gentile Christians took possession of them,

and just in proportion as they were neglected by the

Jews^who, after the war of Bar-Cochba, became indiffei^

ent to the Messianic hope and hardened themselves once

more in devotion to the law—they were naturalized in the

Christian communities. The result was that these books

became " Christian " documents ; it is entirely to Christian,

not to Jewish, tradition that we owe their preservation.

The Jewish expectations are' adopted, for example, by

Papias, by the writer of the epistle of Barnabas, and by

Justin. Papias actually confounds expressions of Jesus

with verses from the Apocalypse of Baruch, referring to

the amazing fertility of the days of the Messianic kingdom

(Papias in Iren. v. 33). Barnabas {Ep., 15) gives us the

Jewish theory (from Gen. i. and Ps. xc. 4) that the

present condition of the world is to last six thousand years
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from the crc-vtion, that at the beginning of the Sabbath

(the seventh toillennium) the Son of God appears, to put

an end to the time of "the unjust one," to judge the ungodly

and renew the earth. But he does not indulge, like Papias,

in sensuous descriptions of this seventh millennium; to

Barnabas it is a time of rest, of sinlessness, and of a holy

peace. It is not the end, however; it is followed by an

eighth day of eternal duration,—"the beginning of another

world." So that in the view of Barnabas the Messianic

reign still belongs to ouros o aluiv. Justin (Dial., 80)

speaks of chiliasm as a necessary part of complete

orthodoxy, although he knows Christians who do not

accept it. He believes, with the Jews, in a restoration

and extension of the city of Jerusalem; he assumes that

this city will be the seat of the Messianic kingdom, and
he takes it as a matter of course that there all believers

(here lie is at one with Barnabas) along ndth patriarchs

and prophets will enjoy perfect felicity for one thousand

years. In fact he reads this view into the Apocalypse of

John, which he understands to mean that before the

general resurrection all believers are to rule for a time

with Christ on earth. That a phUosopher like Justin,

with a bias towards anHellenic constructionof the Christian

religion, should nevertheless have accepted its chiliastic

elements is the strongest proof that these enthusiastic

expectations were inseparably bound up with the Christian

faith down to the middle of the 2d century. And another

proof is found in the fact that even a speculative Jewish
Christian like CerLathus not only did not renounce the

chiliastic hope, but pictured the future kingdom of Christ

as a kingdom of sensual pleasures, of eatmg and drinking

and marriage festivities (Euseb., R. E., iii. 28, vii. 25).

3. After the middle of the 2d century these ex-

pectations were gradually thrust into the backgroimd.
They would never have died out, however, had not
circumstances altered, and a new mental attitude been
taken up. The spirit of philosophical and theological

gpeciilation and of ethical reflexion, which began' to spread
through the churches, did not know what to make of the

old hopes of the future. To a new generation they seemed
paltry, earthly, and fantastic, and far-seeing men had good
reason to regard them as a source of political danger. But
more than this, these wild dreams about the glorious king-

dom of Christ began to disturb the organization which the
churches had seen fit to introduce. In the interests of

self-preservation against the world, the state, and the
heretics, the Christian communities had formed themselves
into compact societies with a definite creed and constitu-

tion, and they felt that their existence was threatened by
the white heat of religious subjectivity. So early as the

year 170, a church party in Asia Minor—the so-caUed

Alogi—rejected the whole body of apocalyptic writings

and denounced the Apocalypse of John as a book of fables.

All the more powerful was the reaction. In the so<alled

Mont^nistic controversy (<;> 160-220) one of the principal

issues involved was the continuance of the chiliastic

expectations in the churches. The Montanists of Asia
Minor defended them in their integrity, with one slight

modification : they announced that Pepuza, the city of

Montanus, would be the site of the New Jerusalem and
the millennial kingdom. Modifications of this kind,

which have often appeared in later times in connexion
with the revival of millennarianism, are a striking evidence
of the tendency of every sect to regard its own little

membership as the centre of the world and its fortunes as
the kernel of universal history. After the Montanistic
controversy, chiliastic views were more and more
discredited in the Greek Church ; they were, in fact,

stigmatized as "Jewish" and consequently "heretical."

It was the Alexandrian theologj* that superseded them

;

that is to say, Nco-Platonic mysticism triumphed over

the early Christian hope of the future, first among the
" cultured," and then, when the theology of the " cultured "

had taken the faith of the " uncultured " under its protec-

tion, amongst the latter also. About the year 260 an
Egyptian bishop, Nepos, in °a treatise called tXcyxot

aWijyopioTuiv, endeavoured to overthrow the Origenistic

theology and vindicate chiliasm by exegetical methods.

Several congregations took his part ; but .ultimately

Dionysius, bishop of Alexandria, succeeded in healing

the schism and asserting the allegorical interpretation of

the prophets as the only legitimate exegesis. During this

controversy Dionysius became convinced that the victory

of mystical theology over " Jewish " chiliasm would never

bo secure so long as the Apocalypse of John passed for

an apostolic writing and kept its place among the

homologoumena of the canon. He accordingly raised the

question of the apostolic origin of the Apocalj-jjse; and by
reviving old difficulties, with ingenious arguments of his

own, he carried his point. At the time of Eusebius the

Greek Church was saturated with prejudice against the

book and with doubts as to its canonicity. In the coiirse

of the 4th century it was removed from the Greek
canon, and thus the troublesome foundation on which
chiliasm might have continued to bmld was got rid of.

The attempts of Methodius of Tyre at the beginning of

the 4th century and ApoUinarius of Laodicea about

360 to defend chiliasm and assail the theology of Origen
had no result. For many centuries the Greek Church kept
the Johannine Apocalypse out of its canon, and consequently

chiliasm remained in its grave. It was considered a

sufficient safeguard against the spiritualizing eschatology

of Origen and his school to have rescued the main doctrines

of the creed and the regula fidei (the visible advent of

Christ ; eternal misery and hell-fire for the wicked

,

Anything beyond this was held to be Jewish. It was
only the ehronologists and historians of the church who,
following Julius Africanus, made use of apocalyptic

numbers in their calculations, while court theologians like

Eusebius entertained the imperial table with discussions as

to whether the diaing-haU of the emperor—the second
David and Solomon, the beloved of God—might not be the
New Jerusalem of John's Apocalypse. Eusebius was not
the first who dabbled in such speculations. Dionysius of

Alexajidria had already referred a Messianic prediction of

the Old Testament to the emperor GaUienus. But
mysticism and political servility between them gave the
death-blow to chiliasm in the Greek Church. It never
again obtained a footing there ; for, although, late in the
Middle Ages., the Book of Revelation—by what means we
cannot tell—did recover its authority, the church was by
that time so hopelessly trammelled by a magical cultus as
to be incapable of fresh developments. In the Semitic
churches of the East (the Syrian, Arabian, and Ethiopian),
and in that of Armenia, the apocalyptic literature was
preserved much longer than in the Greek Church. They
were very conservative of ancient traditions in general, and
hence chiliasm survived amongst them to a later date than
in Alexandria or Constantinople. It is to these churches
that we are mainly indebted for the extensive remains of
the old apocalyptic literature which we now possess. From
remote cloisters of the East Europe has recovered within
the last forty years many works of this kind which once
enjoyed the highest repute throughout Christendom.

4. But the Western Church was also more conservative
than the Greek. Her theologians had, to begin with, little

turn for mystical speculation ; their tendency was rather
to reduce the gospel to a system of morals. Now for
the moralists chiliasm had a special mgnificance as the one
distinguishing feature of the gospel, and the only thing
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that gave a specifically Christian character to their system.

This, however, holds good of the Western theologians only
after the middle of the 3d century. The earlier fathers,

Irenaeus, Hippolytas, Tertullian, believed in chiUasm
simply because it was a part of the tradition of the church
and because Marcion and the Gnostics would have nothing
to do with it. Irenaeus (v. 28, 29) has the same conception

of the millennial kingdom as Barnabas and Papias, and
appeals in support of it to the testimony of disciples of the

apostles. Hippolytua, although an opponent of Montanism,
was nevertheless a thorough-going millennarian (see his

book De Aniichristo). Tertullian (cf. especially Adv.
Mardon., 3) aimed at a more spiritual conception of the

millennial blessings than Papias had, but he still adhered,

especially in his Montanistic period, to all the ancient

anticipations. It is the same all through the 3d and 4th
centuries with those Latin theologians who escaped the

influence of Greek speculation. Commodian, Victorinus

Pettavensis, Lactantius, and Sulpicius Severus were all

pronounced millennarians, holding by the >very details of

the primitive Christian expectations. They still believe,

as John did, in the return of Nero as the Antichrist ; they
still expect that after the first resurrection Christ will reign

frith His saints " in the flesh" for a thousand years. Once,

but only once (in the Gospel of Nicodemus), the time is

reduced to five hundred years. Victorinus wrote a
commentary on the Apocalypse of John ; and all these

theologians, especially Lactantius, were diligent students

of the ancient Sibylline oracles of Jewish and Christian

origin, and treated them as divine revelations. As to the

canonicity and apostolic authorship of the Johannine

Apocal3T)se no doubts were ever entertained in the West

;

indeed an Apocalypse of Peter was stiU retained in the

canon in the 3d century. That of Ezra, in its Latin

translation, must have been all but a canonical book,

—

the numbers of extant manuscripts of the so-caUed 4 Ezra

being incredibly great, while several of them are found

in copies of the Latin Bible at the beginning of the 16th

century. The Apocalypse of Hermas was much read till

far through the Middle Ages, and has also kept its place

in some Bibles. The apocalj^ptic " Testamenta duodecim

Patriarcharum " was a favourite reading-book ; and Latin

versions of ancient apocalypses are being continually

brought to light from Western libraries {e.g., the Assumptio

Mosis, the Ascensio Jesajx, &.C.). All these facts show
how vigorously the early hopes of the future maintained

themselves in the West. In the hands of moralistic theo-

logians, like Lactantius, they certainly assume a somewhat
grotesque form, but the fact that these men clung to them
is the clearest evidence that in the West miUennariani^m

was still a point of " orthodoxy " in the 4th century.

This state of matters, however, gradually disappeared

after the end of the 4th century. The change was brought

about by two causes,—^st, Greek theology, which reached

the West chiefly through Jerome, Rufinus, and Ambrose,

and, second, the new idea of the church wrought out by
Augustine on the basis of the altered political situation of

the church. Jerome, the pupil of the Greeks, feels him-

self already emancipated from "opiniones Judaicce"; he

ridicules the old anticipations ; and, though he does not

venture to reject them, he and the other disciples of the

Greeks did a great deal to rob them of their vitaUty. At
the same time the influence of Greek theology was by no

means so great in the West that this of itself could have

suppressed chiliastic views. It was reserved for Augustine

to give a direction to Western theology which carried it

clear of millennarianism. He himself had at one time

beUeved in it ; he too had looked forward to the holy

Sabbath which was to be celebrated by Christ and His

people on earth. But the signs of the times pointed to a

different prospect. Without any miraculous interposition

of God, not only was Christianity victorious on earth, but
the church had attained a position of supremacy. The
old Roman empire was tottering to its fall ; the church
stood fast, ready to step into its inheritance. It was not
simply that the world-power, the enemy of Christ, had
been vanquished ; the fact was that it had gradually
abdicated its poUtical functions in favour of the church.
Under these circumstances Augustine was led, in his con-

troversy with the Donatists and as anupologist, to idealize

the political side of the cathoUc church,—to grasp and
elaborate the idea that the church is the kingdom of Christ
and the city of God. Others before him may have taken
the same view, and he on the other hand never forgot that
true blessedness belongs to the future ; but still he was the
first who ventured to teach that the catholic church, in its

empirical form, was the kingdom of Christ, that the
millennial kingdom had commenced with the appearing of

Christ, and was therefore an accomplished fact. By this

doctrine of Augustine's, the old millennarianism, though not
completely extirpated, was at least banished from the realm
of dogmatic. For the ofiicial theology of the church it

very soon became a thing of the past ; certain elements of

it were even branded as heretical. It still lived on, how-
ever, in the lower strata of Christian society ; and in

certain undercurrents of tradition it was transmitted from
century to century. At various periods in the history of

the Middle Ages we encounter sudden outbreaks of

millennarianism, sometimes as the tenet of a small sect,

sometimes as a far-reaching movement. And, since it had
been suppressed, not, as in the East, by mystical specula-

tion, its mightiest antagonist, but by the political church
of the hierarchy, we find that wherever chiliasm appears

in the Middle Ages it makes common cause with all

enemies of the secularized church. It strengthened the

hands of church democracy ; it formed an alliance with

the pure souls who held up to' the church the ideal of

apostolic poverty ; it united itself for a time even with

mysticism in a common opposition to the supremacy of the

church ; nay, it lent the strength of its convictions to the

support of states and princes in their efibrts to break the

political power of the church. It is sufficient to recall the

weU-known names of Joachim of Floris, of all the numerous
Franciscan spiritualists, of the leading sectaries from the

13th to the 15th century who assailed the papacy and
the secularism of the church,—above all, the name of

Occam. In these men the millennarianism of the ancient

chiirch came to life again ; and in the revolutionary move-
ments of the 15th and 16th centuries—especially in the

Anabaptist movements—it appears with all its old imcom-
promising energy. If the church, and not the state, was
regarded as Babylon, and the pope declared to be the

Antichrist, these were legitimate inferences from the

ancient traditions and the actual position of the church.

But, of course, the new chiliasm was not in every respect

identical with the old. It could not hold its ground

without admitting certain innovations. The " everlasting

gospel " of Joachim of Floris was a different thing from

the announcement oi Christ's glorious return in the clouds

of heaven ; the " age of the spirit " which mystics and

spiritualists expected contained traits which must be

characterized as "modern"; and the "kingdom" of the

Anabaptists in Miinster was a Satanic caricature of that

kingdom in which the Christians of the 2d century looked

for a peaceful Sabbath rest. Only we must not form our

ideas of the great apocalyptic and chiliastic movement of

the first decades of the 16th century from the rabble in

Miinster. There were pure evangehcai forces at work in

it ; and many Anabaptists need not shun comparison with

the Christians of the apostolic and post-apostolic ages.
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The German and Swiss Reformers also believed that the

end of the world was near, but they had different aims in

riew from those of the Anabaptists. It was not from
poverty and apocalypticism that they hoped for a reforma-

tion of the church. In contrast to the fanatics, after a
brief hesitation they threw millennarianism overboard,

and along with it all other " opiniones Judaicje." They
took up the same ground in this respect which the

Roman Catholic Church had occupied since the tltoie of

Augustine. How millennarianism nevertheless found its

way, with the help of apocalyptic mysticism and Anabajitist

influences, into the churches of the Reformation, chiefly

among the Reformed sects, but afterwards also in the

Lutheran Church, how it became incorporated with
Pietism, how in recent times an exceedingly mild type of
" academic " chiliasm has been developed from a belief in

the verbal inspiration of the Bible, how finally new soots

are stiU springing up here and there with apocalyptic and
chiliastic expectations,—these are matters which cannot be
fully entered npon here. But one remark ought to be
made in conclusion. A genuine and li-v-ing revival of

chiliastic hopes is always a sign that the church at large

has b^ome secularized to such a degree that tender
consciences can no longer feel sure of their faith T^ithin

her. In this sense all chiliastic phenomena in the history

of the church demand respectful attention. But when
attempts are made to find room for millennarianism in a
dogmatic system, it must always assume a form in which
it would be utterly unrecognizable to the mUlennarians
of the ancient church, who, just because they- were
millennarians, despised dogmatic, in the sense of philo-

sophical theology. The claims of chUi.asm are sufficiently

met by the acknowledgment that in former times it was
associated—to all appearance inseparably associated

—

with the gospel itself. Those who try to remodel it,

so as to conserve its " elements of truth," put contempt
on it while they destroy it; for it was in its day the

most uncompromising enemy of all remodelling, and it

can only exist along with the lUJsophisticated faith of the
early Christians.'

Cf. Schiircr, Lehrlwh der KeutestamentUchen ZeUgeschichfe, 1874,
S§ 23, 29 ; Corrodi, Kritische GeschickU des Ckiliasmm, 1781. A
thorough history of chiliasm has not yet appeared. (A. HA.)

MILLER, H0GH (1802-1856), eminent in science and
literature, and one of the most remarkable among self-

taught men of genius, was born at Cromarty, on the north-

east coast of Scotland, on the 10th of October 1802. His
father, a sagacious and strong-willed seaman, who earned a
livelihood by sailing his own sloop, perished at sea when
Hugh was five years old. His mother looked much, in

the upbringing of her son, to her two brothers, James and
Alexander Wright, the one a saddler, the other a carpenter.

Scrupulous integrity, sincere religion, unflagging industry,

and resolute contentment were the lessons which these

men, not so much by precept as by example, impressed
upon the boy. But young Miller had inherited from his

father a strong individuality and obstinate force of vrill,

and began at a very early age to take a line of his own.
The enchantment of open air and freedom—the irresistible

charm of mother nature on the hill and by the sea—made
him at thirteen an incorrigible truant; and his schoolmaster

thought it likely that he would prove a dunce. Neverthe-

less the truant -schoolboy was already giving indications of

tJie destination of the man. At an age too early to date

he had found in his pen a divining rod that led him to

waters of inexhaustible delight. His mother summed- up,

in the singular dialect of the district, the impression derived

from her son's boyhood and youth in the words, " he was
aye vritin." But the writing from the first, and increasingly

as time went on, could be discriminated from the ordinary

productions of boyhood. A continuity of idea, an Inde-

finable grace and freshness, marked his performances.

They were never bombastic or verbose. At no period of

his life did he suffer from a flax of words. But, boy and

man, he had a felicitous knack of fitting words into their

right places and avoiding jerkiness and inequality. In

verse- he lacked the passionate intensity required for true

rhythmic movement, but he had a fine sense of cadence

and modulation in prose.

It is a curious fact that what determined Hugh Miller

to apprentice himself to a stone-mason was his delight

in literary composition. Uncmploj'ed during the winter

frosts, the mason, he perceived, could enjoy for some
months every year the ecstacy of writing. One result of

his decision was that he never learned any language but

English. Another was that fifteen years of the quarry and
the hewing-shed, with stern experiences of overwork and
privation, sowed in his frame the seeds of incurable disease.

Jleanwhile the advantages of his decision were ludisputabla

Under the discipline of labour the refractory schoolboy

became a thoughtful, sober-minded man. Miller always

looked back to his years of hand-labour with a satisfaction

that has something in it of solemnity and pathos. " Noble,

upright, self-relying toil," he exclaims ;
" who that knows

thy solvJ worth and value would be ashamed of thy hard

hands, and thy soiled vestments, and thy obscure tasks,

—

thy humble cottage, and hard couch, and homely fare
!

"

It cannot be added that his fifteen years of close and
constant intercourse with fellow-workmen inspired him with

much respect for their class. He was most unfortunate

in his comrades during the two seasons, 1824 and 1825,
when he worked at Niddrie in the neighbourhood of

Edinburgh. Swinish in their enjoyments, meanly selfish

in their class ambitions, and fatuously subject to talking

charlatans, that Niddrie squad of reprobates which he de-

scribes in My Schools and Schoolmasters stamped on the

mind of Hugh MOler an indelible con miction of the inca-

pacity and degradation of the hand-workers.

Returning to Cromarty, he worked in happy patience as

a stone-cutter year after year, sedulously prosecuting at

the same time the grand object of his ambition, to write

good English. He found time to invigorate and enrich hii

mind by careful reading, and was habitually and keenly
observant both of man and of nature. His reading was
not extensive but well chosen, and embraced Locke and
Hume; Goldsmith and Addison were, more than any
others, his masters in style. It was to get time to write that

he had become a stone-mason ; another of the surprises of

bis career is that it was in advertising himself as a mason
that he came before the world as a literary man. A stone-

mason, figuring as £> poetical contributor to the Invernen
Couner, might, he thought, be asked by some of the

readers to engrave inscriptions on tombs. He therefore

forwarded some of his verses to the editor. These seem
to have been consigned to the waste-paper basket, which
had been the fate of an " Ode on Greece " offered to the
Scotsman when he was at Edinburgh. Piqued by hi»

second failure, he now resolved, at all hazards, to see him-
self in print. In 1829 appeared the small volume contain-
ing Poems Written in the Leisure Hours of a Journet/muii
Mason. It procured its author the valuable friendship o!
Mr Robert Carruthers, and was favourably noticed by the
press. Miller looked at his poems in print, and concluded,
at once and irreversibly, that he would not succeed as a
poet. It was a characteristic and very manly decision,
proving that there was no fretting vanity in his disijosition.

Doubtless also it was right. His field was prose. Bat,
though his poems yielded nothing in the way of fortune,
they were a beginning of fame. The simple natives of
Cromarty began to think him a wonder. Some very ela
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qnent letters on the herring fishery extended his reputation.

Good judges in Edinburgh detected in his work the mint-

mark of genius, and Miller's first jjrose volume. Scenes and
Legends of Cromarty, was published there in 1835. In the

interval he had become the accepted lover of iliss Lydia
Fraser, a young lady of great personal attractions, rare in-

tellectual gifts, and glowing sympathy with all that was
good and brave and bright. Her affection naturally

steadied him in his resolution to emerge from the hand-

working class ; the mallet and chisel gradually dropped

from his grasp ; and when his prose venture appeared he

was being initiated, in Linlithgow, into the duties of a

bank clerk. On his return to Cromarty he found employ-

ment in the local branch of the Commercial Bank.

He was a married man, and his tent seemed stably fixed

at Cromarty, when the agitation that preceded the Disrup-

tion of 1843 made the air of Scotland vibrate. Miller

loved his church, and deliberately esteemed her the most
raluable institution possessed by the Scottish people.

Fervently as he had sympathized witt 'iose who procured

political representation for Scotland byV''^ Reform Bill, he
EtiLl more fervently took part with those svho claimed that

Scottish congregations should have no pastors thrust upon
them. In the summer of 1839 he wrote his famous
famphletletter to Lord Brougham ; Dr Candlish read it

with " nothing short of rapture " ; and the first days of

»840 saw Miller installed in the editorial chair of the Witness

Lewspaper, published twice a week in Edinburgh to- advo-

cate the cause of noa-intrusion and spiritual independence.

He continued to edit the Witness till his death, which took

place in the night between the 23d and 24th of December
i856. Unremitting brain work had overtaxed a system
permanently injured by the hardships of his early mason
life; reason at length gava way, and Miller died by a pistol

shot fired by his own hand. A post-mortem examination,

attested by four medical men of the highest character,

evinced the presence of "diseased appearances" in the

brain ; and he left a few words indicating the form taken

by the insane delusion which had mastered him.

During the three years preceding the Disruption, cham-
pionship of the church by Miller did more, probably, than

any other single agency to win for it the suffrage of the

Scottish people. Months before the day of separation,

the name " Free Church " was prospectively assigned to

the party proposing to sever connexion with the state

;

and, whether Hugh Miller suggested the name or did not,

Le was one of the chief architects of the institution. Nor
has the sequel shown that his labour was vain.

But long ere now an enthusiasm parallel in intensity

with that which he felt for his country and his church,

and to which even his old literary enthusiasm had become
subservient, had taken possession of him. From mfancy
he had been a keenly interested observer of all natural

facts and objects, and during his career as apprentice and
journeyman mason he had accumulated a vast store of the

particular information belonging to the geologist. But it

was not until later that he expressly undertook the study

of geology. We still find him, when twenty-seven, laying

down charts of study and production without a word about

science. When, however, he had convinced himself that

his road to the stars was not by poetry, and when the

limited success of his prose tales and literary essays in the

volume on Cromarty suggested a profound misgiving as

to the adequacy of his purely literary materials to produce

an important result, he bethought him of his hoard ,of

scientific knowledge, and addressed himself with the con-

centrated energy of mature manhood to geological reading

and geological researches. These, in fact, were not new

to him, and he was much. impressed by the interest excited

among scientific readers by a geological chapter in fhe

Scenes and Legends. His chief master was Lyell, whom
he reverenced henceforward as one of the greatest of living

men. The principal, scene of his own investigations was
the Cromarty district, whore he ransacked every wrinkle
of the hill-side, and traced every stratum sawn through by
the watercourse, and where, on the beach at ebb, in indurated
clay of bluish tint and great tenacity, belonging to the
Old Red Sandstone formation, he discovered and dug out
nodules which, whei) laid open by a skilful blow of the
hammer, displayed certain organisms that had never been
seen by a human eye. He had entered upon correspondence
with ilurchison and Agassiz; and "fellows of the Geological

Society and professors of colleges" had been brought by his

descriptions " to e.xplore the rocks of Cromarty." Along
with the patriotic and religious enthusiasm, therefore, tha."

burned within him when he went to champion his church
in Edinburgh, there glowed, in the depths of his heart,

not indeed a stronger but a more gentle and perhaps a
dearer enthusiasm for that science in which, he felt per*

suaded, he had something of his own to say, something to

which the world of culture would be glad to listen. Sc
early as September 1840 there began to appear in tlie

Witness a series of articles entitled " The Old Red Sand-
stone." They attracted immediate and eager attention

;

and the month was not at an end when, at the meeting of

the British Association, Murchison brought them under
the notice of the geological section, presided over by LyeU.
Agassiz, already iamiliar from Miller's correspondence
with the organisms described, contributed information

respecting them, and proposed that one of the most
remarkable of the fossils should be called Pterichtkys

Milleri. Buckland joined warmly in the encomiums of

Murchison and Agassiz, vowing that " he would give his

left hand to possess such powers of description as this

man." The articles which met with so enthusiastic a
reception from the most eminent geologists in Europe
formed the nucleus of a book soon after published, and
entitled I'he Old Red Sandstone. It established Miller's

reputation not only as an original geologist but as a
practical thinker of great sagacity, and as- a lucid and

. fascinating writer. He had at last fairly found his hand

;

it is impossible to turn from the Scenes and Let/ends to the

new volume without feeling that the spirit of the author

has become more exultant, his touch at once stronger and
more free.

During his seventeen years of residence in Edinburgh he published
a variety of books, all of them more or less geological, but diiiiiing

attention not on account of their geology alone. His First Imptun-
sio)is of England and its People, the fruit of eight weeks'. wanJenog
arranged in the leisure hours of a hard-worked editor, will be. best

appreciated when we contrast its grace and gentleness, the classio

jnoderation of its tone, the quiet vivacity and freshness of its

observation, the sense and sentiment and justice of its criticism,

witli the smartness of the ordinary newspaper correspondent, or the
vulgarity and the impudent omniscience of the couvcntional book
of travels. Apart from its masterly descriptions, partly geological

partly scenic, and tliat prose poem on the ubiquity of the ocean
which, though brief, will compare not unfavourably with select

pages from Wilson or from Ruskin, its two passages on Westminster
Abbey and Stratford-on-Avon would alone suffice .to prove that

the Cromarty stone-mason was a man of extraordinary genius.

Of his autobiographical volume, Uy Schools and Schoolmasters, bo
opinion but one has ever been expressed. It ranks among th«

finest masterpieces of its kind in the English language. •

As a geologist his reputation is securely baseiT upon his astuid

discovery of important fossil organisms, one of which bears lii*

name, and on his contributions, thoroughly serviceable at the time

they were made, to our knowledge of the formation in which
those organisms occur. His cye-to-eye acquaintance with nature is

attested on every page ; and, if his enthusiasm does not often ris«

into spray and suige of rapture, it is a deep ground-swell per-

ceptible in aU he wrote. His powers of observation were singularly

strong and accurate, and were accompanied with the most careful

reflexion and a fine rich glow of imaginative vision. His discem-

. ueiit of tlu true position of tha ventral plate of Pterichthys, when
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the best ichthyologists unanimously insisted on its being ilorsal,

affords one of the nicest illustrations to be found of an obser-

rational faculty which reasons as wells as sees.

Ho was also, in his principal geological books, Tlie Footsteps of

l?ie Cicnlor and Tlu Testimony of the Locks, a polemical defender of

theism and of revelation against some whom he regarded as their

dendlv assailants. It would have been safe and pleasant for Miller

to naive all consideration of the religious question. Ho would thu^

have escaped the dreaded sneer of the scientific expert. He would

have escaped, also, the cold suspicion of many on his own side ;

for the great mass of mediocre religionists like nothing so well as the

simple Ignoring of difficulties and hushing up of objections. But

he shrank instinctively from the moral cowardice of reserve The
advance of science has tended to compromise some of his controvereial

positions. When he occupied the chair of the Koyal Physical Society

of Edinburgh in 1S52, be could look the most eminent repre-

sentatives of contemporary geology in the face, and claim their

assent to the possibility of drawing definite lines of demarcation

between the Tertiar)-, Secondary, and Palaeozoic strata. He could

speak of "the entire type of organic being" as altering between

these periods. " All on the one side of the gap," he could dare to

affirm, " belongs to one fashion, and all on the other to another

and wholly ditlerent fashion." In the thii-ty intervening years

every form of the cataclysnial scheme of geological progression has

been discioditcd. It has become impossible to obtain anything like

a consensus of opinion among scientific men as to the placing of

those frontier lines between period and period which, however wide

may be the marrius of gradation assigned to "morning" and
"evening," are indispensable to the maintenance of Miller's theory

of the six-days' vision of creation. "Geographical provinces and
lones," says Professor Huxley, "may have been as distinctly

marked in the Faheozoic epocn as at present, and those seemingly
sudden appearances of new genera and species which we ascribe

to new creation may be simple results of migration." Such is now
the received opinion of geologists, and we may be sure that Miller,

who never shut his eyes to an established fact, would have accepted
it. He has said in so many words that the Bible does not teach
science.

In the long and memorable debate on the origin of species he
strenuously engaged, maintaining, against the author of the Vestiges,

the doctrine of specific creation. But when he did so he could
feel that Buckland, Sedgwick, llurchison, and Lyell were on his

side- nor is it a paradox to allege that he was an ally of Darwin
hitt.ielf. Iftheauthorof the Fci^i'jcs was right, Darwin was wrong.
In point of fact, the former was very nearly right ; but, precisely

because Darwin supplies what is lacking in lus argument, those who
intelligently assent to the Origin of Species ire bound not to assent
to the Vestiges.

But it is chiefly perhaps in connexion with the sweetness and
classical animation of his style, and the lovely views he gives of

nature's facts, that we ought to praise Hugh Miller. In an age
prodigal of genius, yet aboundiug also in extravagance, glare, and
bombast, the self-educated stone-mason wrote with the calmness
and moderation of Addison. His powerful imagination was dis-

ciplined to draw just those lines, and to lay on just those colours,
which should reanimate the past. As his friend Carruthers, an
admirable critic of style, observed, "the fossil remains seem, in
his glowing pages, to live and flourish, to fly, swim, or gambol,
or to shoot up in vegetative profusion and splendour, as ie the
primal dawn of creation. Such power belongs to high geniUs.."

Tens of thousands he has incited to the study of nature ; tens of
thousands he has taught to find in geology no mere catalogue of
defunct organisms, no dreary sermon in fossil stones, but a "science
of landscape " as well as an intelligent understanding of the rocky
framework of the world.

In 1871 appeared The Life and tellers of Bxioh Uiller, by Peter Bayno
(2to1s., London). Miller's works have circulated on the European continent, and
LAve been widely read in .America. They have been issued in the United States
in an edition of twenty volumes, comprising the Life and Letters. (P. B.)

MILLER, Wru-iAJi (1781-1849), the founder of an
American religious sect holding peculiar miUennarian views,
was born at Pittsfield, Massachusetts, in 1781. He received
a very imperfect education. In the war of 1812 he served
as captain of volunteers on the Canadian frontier. "UTiile

residing at Low Hampton, N.Y., he began in 1833 publicly
to lecture on the subject of the millennium, asserting that
the second coming of Christ would take place in about
ten years. His doctrines awakened wide interest among
certain classes of the community. In 1840 a semi-monthly
journal. The Si</ni of (he Times, was started by one of his
followers, and two years later the Advent Herald made its

appearance. About 1843 the second coming of Christ was
expected by as many as 50,000 believers in the doctrines of

Miller ; and, although the disappointment of their hopes

somewhat diminished their numbers, many continued their

adherence to his tenets regarding the nature of the millen-

nium. At present the number of Millerites or AdveutLsts is

estimated at from 1 5,000 to 20,000. Miller died at New
Hampton, "Washington county, Is^.Y., December 20, 1849.

MILLER, William (1796-1882), one of the greatest

of modern line-engravers, was born in Edinburgh on the

28th of May 1796. After studying in London under

George Cook, a pupil of Basire's, he returned to his

native city, where he continued to practise his art during

a long lifetime. He executed plates after Thomson of

Duddingston, Macculloch, D. O. Hill, Sir George Harvey,

and other Scottish landscapists, but his most admirable

and most voluminous works were his transcripts from
Turner. The first of these was the Clovelly (1824), of The
Sonthem Coast, a publication undertaken by his master

and his brother William B. Cook, to which Miller also con-

tributed the Combe Martin and the Portsmouth. He
was engaged on the illustrations of England and Wales,

1827-38 ; of The Rivers of Fra?ice, 1833-35 ; of Roger's

Poems, 1834 ; and very largely on those of The Prose and
Poetical Worlcs of Sir Walter Scott, 1834. In The Pro-

vincial Antiquities and Picturesque Scenery of Scotland,

1826, he executed a few excellent plates after Thomson
and Turner. Among his larger engravings oU Turner's

works may be mentioned The Grand Canal, Venice ; The
Rhine, Osterprey, and Feltzen ; The Bell Rock: The Tower
of London; and 'The Shepherd. Theart of William Miller

was warmly appreciated by Turner himself, and Mr Ruskin
has pronounced him to be on the whole the most successful

translator into line of the paintings of the greatest EngUsh
landscapist. His renderings of complex Turnerian sky-

effects are especially delicate and masterly. Towards the

end of his life MiDer abandoned engraving and occupied his

leisure in the production of water-colours, many of which
were exhibited in the Royal Scottish Academy, of which
he was an honorary member. He resumed his burin,

however, to produce two final series of vignettes from
drawings by Birket Foster illustrative of Hood's Poems,

published by Moxon in 1871. Miller was a much
respected member of the Society of Friends. He died

while on a visit to Sheffield, on the 20th of January
1882.

MILLER'S THUMB {Cottvs-goUo), a weU-known little

fish, abundant in all rivers and lakes of northern and
central Europe with clear water and gravelly bottom.
The genus Cottus, to which the MiUer's 1 numb belongs, is

easilr recognized by its broad, flat head, rounded and
scaleless body large pectoral and narrow ventral fins, with
two dorsal fins, the anterior shorter thdn the posterior

;

the prsopercidunr 's armed with a simple or branched
spine. The species of the genus Cottus are rather numerous,
and are confined to the north temperate zone of the globe,

the majority being marine, and known by the name of "Bull-
heads." The Miller's Thumb is confined to freshwater:
and only one other freshwater species is found in F-irope,

C. pacilopus, from rivers of Hungary, Galicia, and the
Pyrenees ; some others occur in the fresh waters of northern
Asia and North America. The Miller's Thumb is common
in all suitable localities in Great Britain, but is ex+r°nie'y
rare in Ireland;. in the Alps it reaches to an altitude
exceeding 7000 feet. Its usual length is from 3 to 5
inches. Generally hidden under a stone or in a hollow of
the bank, it watches for its prey, which consists of small
aquatic animals, and darts when disturbed with extra-
ordinary rapidity to some other place of refuge. The
female deposits her ova in a cavity under a stone, whilst
the male watches and defends them until the young aro
hatched and able to shift for themselves.
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MILLET (French, millet • Italian, miglietto, diminutive

of miglio = Latin mille, a thousand, in allusion to its

fertility) is a name applied with little definiteness to a con-

siderable number of often very variable species of cereals

belonging to distinct genera and even subfamilies of

Graminex. The true raiUet, however, is generally admitted

to be Panicum {Seiaria) miliaceum, L. (German Uirse,

with which P. miliare, Lam., is reckoned by some
botanists). It is indigenous to the East Indies and North
Australia, but is mentioned by Hippocrates and Theo-
phrastus as already cultivated in South Europe in their

time. Some suppose it to be one of the earliest grains used
in bread-making, and ascribe the origin of its name to vanis,

bread, rather than to the paniculate inflorescence- It is

annual, requires rich but friable soil, grows to about 3 or 4
feet high, and is characterized by its bristly, much branched
nodding panicles. One variety has black grains. It is

largely cultivated in India, southern Europe, and northern

Africa, and ripens as far north as southern Germany, in

fact, wherever the climate admits of the production of wine.

The grain, which is very nutritious,

is used in the form of groats, and
makes excellent bread when mixed
with wheaten flour. It is also largely

used for feeding poultry and cage-

birds, for which purpose mainly it is

imported. P. italicum, L. {Setaria

italica, Beauv.), is <5f similar origin

and distribution, and is one of the

most wholesome and palatable Indian

cereals. It is annual, grows 4 to 5

feet high, and requires dry light soil.

German Millet {P. germanicum, Ger-

man KolbenMrse, Mohar) is probably

merely a less valuable and dwarf
variety of P. italicum, having an
erect, compact, and shorter spike.

The grains of both are very small,

only one half as long as those of

jommon millet, but are exceedingly

prolific. Many stalks arise from a

single root, and a single spike often

yields 2 oz. of grain, the total yield

being five times that of wheat. They
are imported for poultry feeding like

the former species, but are extensively

used in soups, &c., on the Continent.

Numerous other species belonging to

this vast genus—the largest among grasses, of which the

following are among the most important—are also culti-

vated in tropical or sub-tropical countries for their grain or

as fodder grasses, or both, each variety of soU, from swamp
to desert, having its characteristic forms. They are very

readily acclimatized wherever the temperature is sufficient,

e.g., in Australia, and seem destined to rise in agricultural

importance.

Polish Millet is P. digitaria ; P. frumenlaceum, Roxb. , Shamalo,

a Deccau grass, is probably a native of tropical Africa ; while the

perennial P. sarmentosum, Koxb., also largely cultivated in tropical

countries, is from Sumatra. P. decompositum is the Australian

millet, its grains being made into cakes by the aborigines. P.

maximum, Jacq. , is the Guinea Grass ; it is perennial, grows 3 feet

high, and yields abundance of highly nutritious grain. P. spec-

labile, Nees. , is the Coapim of Angola, but has been acclimatized in

Brazil and other tropical countries. Other gigantic species 6 or 7

feet high form the field crops on the banks of the Amazons. Of species

belonging to allied genera, Pennisetum thyphoideum. Rich. (Pcni-

cellaria spicata, Willd.), Bajree, sometimes also called Egyptian

Millet, a Guinea corn, is largely cultivated in tropical Asia, Nubia,

nn4 Egypt. P. disticTium. grows south of the Sahara. Species of

Paspalum, Eleusine, and Milium are also cultivated as millets.

But the most important dry grain of the tropical countries

Fio. 1.

—

Panicum
italicum.

MiUet, Turkish Millet,

of Africa and Asia, particularly of India, is Sorghum vulgare,
Pers. {Holcus Sorghum, L., Andropogon Sorghum, Roxb.),
Durra, Great Millet, Indian Millpt TnrHoT, m;iio* ^l

Guinea Com (the French
sorgho, German Mohren^
hirse or Kaffemkom, Ta-
mil Cholum, Bengalese
Joioari). It ranges prob-
ably as extensively as

wheat, being ahio largely

cultivated in southern
Europe, the United
States, and the "West
Indies. In Asia Minor,
Arabia, Italy, and Spain
it may be said to replace

oats and barley, It is

annual, and may reach
12 feet in height; it is

extremely prolific, even
rivalling maize, of which
it is » near congener. Its

flour is very v/hite, blit

does not easily make good
bread ; it is largely used
in cakes and puddings
and for feeding cattle and
poultry. The panicles are

used for brooms, and the

roots for velvet-brushes.

S. bicolor, S. nigmm, S.

Fio. 2.—Sorghum vulgare.

rubrum, S. Kaffrorum (Kaffre

Corn), S. saccharatum, and other species or varieties are

also of economic importance, the last-named (the "Chinese
sugar-cane") being much cultivated in the United States as

a source of molasses, the juice, which contains much glucose

but comparatively little cane sugar, being simply expressed
and concentrated by evaporation. S. mdgare is the grain

referred to by Pliny as millet.

For systematic and economic purposes, see Grasses ; Luerssen,
itcd.-Pharm. Botanik, Leipsic, 1880; Drury, Useful Plants oj

India, London, 1873 ; F. v. MiiHer, Select Plants for Naturaliza-
ticm in Victoria, Melbourne, 1876. For archaeology, see Hehn's
KuUurpflanzen, &c., Berhn, 1877. On Sorghum cerunum ("rice
corn," &c. , of western Kansas) see Drummond's "Report" in Pari.
Papers, No. 2570 (1880).

MILLET, Jea^t FEANgois (1814-1875), was a painter

of French peasant life, and it may be questioned whether
France has produced in our day any greater or more
original artist. He himself came of a peasant family, and
was born on the 4th of October 1814 in the hamlet of

Gruchy, near Gr^ville (La Manche), in the wild and
picturesque district called La Hague. His boyhood waa
passed working in his father's fields, but the sight of the

engravings in an old illustrated Bible set him drawing, and
thenceforth, whilst the others slept, the daily hour of rest

was spent by Millet in trying to render the familiar scenes

around him. From the village priest the lad learnt to read

the Bible and Virgil in Latin, and acquired an interest in

one or two other works of a high class which accompanied'

him through life ; he did not, however, attract attention

so much by his acquirements as by the stamp of his mind.

The whole family seems, indeed, to have worn a character

of austerity and dignity, and when Millet's father finally

decided to test the vocation of his son as an artist, it was

with a gravity and authority which recalls the patriarchal

households of Calvinist France. Two drawings were pre-

pared and placed before a painter at Cherbourg namei
Mouchel, who at once recognized the boy's gifts, and

accepted him as a pupil ; but shortly after (1835) Millet's

father died, and the eldest son, with heroic devotion, took

his place at home, nor did he return to his work until the
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pressing calls from without were solemnly enforced by the

\rishe3 of his own family. He accordingly went back to

Cherbourg, but after a short time spent there with another

master (Langlois) started with many misgivings for Paris.

The council-general of the department had granted him a

sum of 600 francs, and the town council promised an

annual pension of 400, but in spite of friendly help and
introductions Millet went through great difficulties. The
system of the ficoie des Beaux Arts was hateful to him,

and It was not until after much hesitation that he decided

to enter an official studio—that of Delaroche. The master

was certainly puzzled by his pupil ; he saw his ability,

and, when Millet in his poverty could not longer pay the

monthly fees, arranged for his free admission to the studio,

but Jie tried in vain to make him take the approved direc-

tion, and lessons ended with " Eh, bien, allez b. votre guise,

V0U3 Stes si nouveau pour moi que je ne veux rien vous

dire." At last, when the competition for the Grand Pri,x

came on, Delaroche gave Millet to understand that he
intended to secure the nomination of another, and there-

upon Millet withdrew himself, and \vith his friend MaroUe
started in a little studio in the Euo de TEst. He had
renounced the beaten track, but he continued to study
hard whilst he sought to procure bread by painting por-

traits at 10 or 15 francs a" piece and producing small
" pastiches " of Watteau and Boucher. These works are

classed as those of his " flowery manner," and Millet has
been reproached—he whose whole life was an act of con-

viction—with having sacrificed his convictions to curry
favour with the public. It is true that he himself has
recorded his aversion to both these masters. "In the

Louvre," he said, "I received vivid impressions from
Mantegna, complete from Michelangelo ; after Michelangelo
and Poussin I have remained faithful to the early masters."

Boucher was for him an object of "repulsion," and in

Watteau " I saw," he said, " a little theatrical world v/hich

oppressed me." Thus it was then that Millet naturally

felt and saw, but the strongest genius knows moments of

self-doubt. Later in life Millet was heard to say that
were it not for the smalj group who belic-yed in him he
should have lost faith in himself. In earlier years, before

he was certain of his own leading, he was naturally influ-

enced by the advice of others whose arguments were enforced
by the pressure of dire poverty. Even so from time to

time the native vein showed strong. In 1840, as soon as

he had despatched a portrait to the Salon, Millet went back
to GrdvUle, where he painted Sailors Mending a Sail and a
few other pictures—reminiscences of Cherbourg life. His
first success was obtained in 1844 when his Milkwoman
and Lesson in Riding (pastel) attracted notice at the Salon,

and friendly artists presented themselves at his lodgings-

only to learn that his wife had just died, and that he him-
self had disappeared. Millet was at Cherbourg ; there he
remarried, but having amassed a few himdred francs he
went back to Paris and presented his St Jerome at the

Salon of 1845. This picture was rejected and exists no
longer, for Millet, short of canvas, painted over it Oidipus
Unbound, a work which during the following year was the

object of violent criticism. Ho was, however, no longer

alone ; Diaz, Eug6ne Tourneux, Rousseau, and other men
of note supported him by their confidence and friendship,

and he had by his side the brave Catharine Lemaire, his

second wife, a wcman who bore poverty with dignity and
gave courage to her husband through the cruel trials in

which he penetrated by a terrible personal experience the

bitter secrtts of the very poor. To this date belong

Millet's Golden Age, Bird Neaters, Young Girl and Lamb,
and Bathers ; but to the Bathers (Louvre) succeeded The
Mother Aakutg Alms, The. Workman's Monday, and The
Winpower. This last work, exhibited in 1848, obtained

conspicuous success, but did not sell till Ledru Rollin,

informed of the painter's dire distress, gave him 500 francs

for it, and accompanied the purchase with a commission

the money for which enabled Millet to leave Paris for

Barbizon, a village on the skirts of the forest of Fontaine-

bleau. There he settled in a three-roomed cottage for the

rest of his life—twenty-seven years, in which he -nTOUght

out the perfect story of that peasant life of which he alone

has given a "complete imi:)ression." Jules Breton has

coloured the days of toil with sentiment; others, like

Courbet, whose eccentric Funeral at Ornans attracted more

notice at the Salon of 1850 than Millet's Sowers and

Binders, have treated similar subjects as a vehicle for

protest against social misery ; Millet alone, a peasant and

a miserable one himself, saw true, neither softening nor

exaggerating what he saw. In a curious letter written to

M. Sensier at this date (1850) Millet expressed his resolve

to break once and for all with mythological and undraped

subjects, and the names of the principal works painted

subsequently will show how stedfastly this resolution was

kept. In 1852 he produced Girls Sewing, Man Spreading

Manure; 1853, The Reapers; 1854, Church at Grdville

(Luxembourg) ; 1855—the year of the International

Exhibition, at which he received a medal of second class

—

Peasant Grafting a Tree; 1857, The Gleaners; 1859, The
Angelus (Louvre, engraved Waltner), The Woodcutter and

Death; 1860, Sheep Shearing; 1861, Woman Shearing

Sheep, Woman Feeding Child; 1862, Potato Planters,

Winter and the Crows, 1863, Man with Hoe, Woman
Carding; 1864, Shepherds and Flock, Peasants Bringing

Home a Calf Born in the Fields ; 1869, Knitting Lesson

,

1870, Buttermaking ; 1871, November—recollection of

Gruchy. Any one of these works will show how great an

influence Millet's previous practice in the nude had upon
his style. The dresses worn by his figures are not clothes,

but drapery through which the forms and movements of the

body are strongly felt, and their contour shows a grand
breadth of line which strikes the eye at once. Something
of the imposing unity of his work was also, no doubt, due
to an extraordinary power of memory, which enabled

Millet to paint (like Horace Vernet) without a model ; he
could recall with precision the smallest details of attitudes

or gestures which he proposed to represent. Thus he could

count on presenting free from after thoughts the vivid

impressions which he had first received, and MiUet's nature
was such that the impressions which he received were
always of a serious and often of a noble order, to which
the character of his execution responded so perfectly that

even a Washerwoman at her Tub will show the grand
action of a Medea. The drawing of this subject is repro-

duced in Souvenirs de Barbizon, a pamphlet in which M.
Pi^dagnel has recorded a visit paid to Millet in 1864.

His circumstances were then less evil, after struggles as

severe as those endured in Paris. A contract by which
he bound himself in 1860 to givo up all his work for

three years had placed him in possession of 1000 francs

a month. His fame extended, and at the exhibition ofi

1867 he received a medal of the first class, and the'

ribbon of the Legion of Honour, but he was ati the samJ
moment deeply shaken by the death of his faithful friend
Rousseau. Though he rallied for a time he never com-
pletely recovered his health, and on the 20th Januarj'
1875 he died. He was buried by his friend's side in the
churchyard of Chailly.

See A. Sensier, Vie et (Euvre de J. F. Millet, 1874 ; TiMi^nel,
Souvenirs de Barbizon, &c. (E. F. S. P.

)

MILLVILLE, a city of the United States, in Cumberland
county. New Jersey, at the head of navigation of Maurice
river, 40 miles by rail from Philadelphia by the Cape May,
Millville, and Vineland section of the West Jersey Railroad.
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It is one of the chief seats of glass-making in the State,

and also manafactnres cotton, iron pipes for water and gas,

turbines, &c. The population was 7660 in 1880.

MIL5IAN, Heney Hart (1791-1868), dean of St

Paul's, was born February 10, 1791, and was the third

son of Sir Francis Milman, physician to George IIL He
was educated at Eton and at Brasenose College, Oxford

;

his university career was brilliant, and among other dis-

tinctions he gained the Newdigate prize with a poem on

the Apol'c Belvedere. In 1816 he was ordained, and was

soon afterwards presented to the living of St Mary^s,

Reading. He had already made his appearance as a

dramatic writer, his tragedy of Fazio, founded on a narra-

tive in the Annual Register for 1795, having been brought

on the stage without his knowledge under the title of The
Italian Wife. It was subsequently produced at Covent

Garden, and obtained great success from the acting of

Miss O'Neill as Bianca. The merit of the play consists

chiefly in the powerful situation ; the diction is florid and
ornate. The same criticism, by the author's- own confes-

sion, applies to his epic, Samor. the Lord of the Bright

City (Gloucester), a poem written in early youth. "The

subject is taken from British legend, and Milman has failed

to invest it with serious interest. He was more successful

in his next attempts, where the subjects were well adapted

to an imagination easily kindled by the historical or the

moral picturesque. The death struggle of an expiring

nation in the Fall of Jerusalem (1820), the conflict of new
truth and old order, of religious enthusiasin and earthly

affection, in the Martyr of Antioch (1822), are depicted

with great eloquence and real insight into human nature.

Milman's characters, however, are personified tendencies

rather than personages, and in poetical style he was unable

to free himself from the influence of Byron. Belshazzar

(1822) is in general a pale copy of Byron's Sardanapahts,

but contains some fine lyrics. Milman's- lyrics, indeed,

especially his hymns, have frequently a fine ring and sweep,

though the thought is generally commonplace. His
tragedy of Anne Boleyn (1826) is a poor performance.

With the exception of admirable versions of the Sanskrit

episode of Nala and Damayanti, and of the Agamemnon
and Bacchte, this was Milman's last poetical work. He
was elected professor of poetry at Oxford, and in 1827
delivered the Bampton lectures, selecting as his subject the

conduct and character of the apostles as an evidence of

Christianity, In 1830 his History of the Jews appeared in

the Family Library The contracted limits of this series

forbade any adequate treatment of the subject ; the work
is nevertheless memorable as the first by an English
clergyman which treated the Jews as an Oriental tribe,

recognized sheikhs and emirs in the Old Testament, sifted

and classified documentary evidence, and evaded or

minimized the miraculous. Jlilman was violently attacked,

especially by L»r Faussett and Bishop Mant, and the odium
thus occasioned stopped the publication of the Family
Library, and long impeded the preferment of the 'R-riter.

In 1835, however. Sir Sobert Peel made him rector of St

Margaret's and canon of Westminster, and in 1849 he

became dean cf St Paul's. The unpopularity attaching to

him had by this time nearly died away ; and now, generally

revered and beloved, intimate with men of all pursuits,

politics, and persuasions, counted among the chief ornaments

of the most polished society of the metropohs, he occupied

a singularly digTiified and enviable position, which be

constantly employed for the promotion of culture and

enlightenment, and in particular for the relaxation of

subscription to ecclesiastical formularies. His History of

Christianity under the Empire had appeared in 1840, but

had been as completely ignored as if, said Lord Melbourne,

the clergy had taken a universal oath never to mention it I

to any one. Widely different was the reception of the

continuation, his great History of Latin Christianity to

the death of Pope Nicholas V., which appeared in 1856.

He also edited Gibbon and Horace, and at his death in

1868 left behind him almost finished a delightful history

of his own cathedral, which was completed and published

by his son.

Milman possessed a large share of the imagination which enters
into and calls up the past, and of that which interprets actions and
apprehends opinions by the power of sympatliy. In creativo

imagination he was deficient, a defect which alone prevented him
from attaining the first rank as an historian. Mis pages are

crowded with splendid names rather than with Jiving personages

;

the springs of action are disclosed with remarkable penetration, but
the uctor himself is rather heard than seen. There are, however,
exceptions, such as his portrait of Sir Christopher Wren ; and
he possessed a peculiar power of investing mere intellectual

tendencies with personality and life. His parallel of Lutin and
Teutonic Christianity, for example, is a piece of finished historical

cliaracter painting. His power of sympathy rendered him in cITect,

03 his natural' equity and benignity made him in intention, a
model of historical candour, only cliargeable, perhaps, with too much
gentleness. It will be long ere his great woiK is superseded ; but he
will perhaps be remembered even longer as an embodiment of all

tho qualities which the higher ecclesiastical preferment can be
supposed capable of;cncouraging or rewarding among the clergy,of

a great historical church. (R. G.)

MILO, one of the most famous athletes of Greece,

whose name became proverbial for personal strength.

He lived about the end of the 6th century B.C., was six

times crowned at the Olympic games and six times at the

Pythian for wrestling, a,nd was famous throughout the

civilized world for his feats of strength, such as carrying

an ox on his shoulders through the stadium at OljTnpia,

In his native city of Crotona he was much honoured, and
he commanded tho army which defeated the people of

Sybaris in 511 B.C. When Democedes, the jihysician of

Darius, deserted the Persian service, he sent a boastful

message to the king of Persia informing him of his

marriage to the daughter of Milo. The traditional account

of his death is often used to point a moral : he found a
tree which some woodcutters had partially split with a
wedge, and attempted to rend it asunder; but the wedge
fell out, and the tree closed on his hand, imprisoning him
till wolves came and devoured him.

MILO was the surname of T. Annius Papianus, one of

the best-known of the partisan leaders and ruffians in the

stormy times that preceded the dissolution of the Roman
republic. His father was C. Papius Celsus, but he was
adopted by his mother's father T. Annius Luscus. He
joined the Pompeian party, and led the band of mercenaries

and gladiators which was required to defend the cause and
its chief supporters in the public streets. P. Clodius, tho

leader of the ruffians who professed the democratic cause,

was his personal enemy, and their brawls in the streets and
their mutual accusations in the law courts lasted for several

years, beginning when Milo was tribune of the commons
in 57 B.C. In 53 their quarrels came to a height vhen

Milo was candidate for the consulship and Clodius for the

prsetorship ; and when the two leaders met by accident on
the Appian Wayat Bovillae, Clodius was murdered (January

20, 52 B.o). This act of violence strengthened the hands

of Pompey, who was nominated sole consul, and proposed

several stringent laws to restore order in the city. Milo
was impeached; his guilt was clear, and his enemies took

every means of intimidating his supporters and his judges.

Cicero was afraid to deliver the speech he had prepared

Pro Miloie, and the extant oration is an expanded form of

the unspoken defence. Milo went info exile at Massilia,

and b-'S property was sold by auction. He jointd the

insurrection of M. Caslius in 48 B.C.. and was soon slain

near Thurii in Lucania. His wife Fausta was daughter

of tho dictator Sulla.

MILTLyDES. See Ckeecb, vol. xi. p. C?
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MILTON, John (160S-1674), was born in Bread Street,

Chcapside, Lonoon, on tbe 9th of December 1608. His

father, known as Mr John Milton of Bread Street, scrivener,

was himself an interesting man. He was a native of

Oxfordshire, having been born there in or about 1563, the

son of a Richard Milton, yeoman of Stanton-St-John's,

of whom there are traces as one of the sturdiest adherents

to the old Roman Catholic religion that had been left in his

district. The son, however, had turned Protestant, and,

having been cast off on that account, had come to London,

apparently about the year 1586, to push his fortune.

Having received a good education, and having good abilities,

especially in music, ho may have lived for some time by
musical teaching and practice. Not till 1595, at all events,

when he was long past the usual age of apprenticeship, do
we hear of his preparation for the profession of a scrivener;

and not till February 1599-1600, when he was about thirty-

seven years of age, did he enter the profession as a qualified

member of the Scriveners' Company. It was then that he

set up his " house and shop " in Bread Street, and began,

like other scriveners, his lawyerly business of drawing up
wills, marriage-settlements, and the like, with such related

business as that of receiving money from clients for invest-

ment and lending it out to the best advantage. It was at

the same time that ho married. TiH recently there has

been the most extraordinary uncertainty as to the maiden
name of his wife, the mother of the poet. It has been

now ascertained, however, that she was a Sarah Jeffrey,

one of the two orphan daughters of a Paul Jeffrey, of St

Swithin's, London, " citizen and merchant-taylor," originally

from Essex, who had died before 1583. At the date of

her marriage she was about twenty-eight years of age.

Her widowed mother, Mrs Ellen Jeffrey, came to reside in

the house in Bread Street, and died there in February
1610-11. Before this death of the maternal grandmother,

three children had been born to the scrivener and his wife,

of whom only two survived,—the future poet, and an elder

sister, called Anne. Of three more children, born subse-

quently, only one survived,—Christopher, the youngest of

the family, born December 3, 1615.

The first sixteen years of Milton's life, coinciding exactly

with the last sixteen of the reign of James I., associate

themselves with the house in Bread Street, and vrith the

Slirroundings of that house in Old London. His father,

while prospering in business, continued to be kno^vn as a
man of " ingeniose " tastes, and even acquired some dis-

tinction in the London musical world of that time by his

occasional contributions to important musical publications.

Music was thus a part of the poet's domestic education
from his infancy. Whatever else could be added was
added without stint. Again and again Milton speaks with
gratitude and affection of the ungrudging pains bestowed
by his father on his early education. "Both at the
grammar school and also under other masters at home," is

the statement in one passage, " he caused me to be
instructed daUy." This brings us to about the year 1619,
when Milton was ten years of age. At that time his

domestic tutor was Thomas Young, a Scotsman from Perth-
shire, and graduate of the university of St Andrews, after-

wards a man of no small distinction among the English
Puritan clergy, but then only curate or assistant to some
parish clergyman in or near London, and eking out his

livelihood by private teaching. Young's tutorship lasted

till 1622, when he was drawn abroad by an offer of the

pastorship or chaplaincy to the congregation of English

merchants in Hamburg. Already, however, for a year or

two, his tutorship had been only supplementary to the

education which the boy was receiving by daily attendance

at St Paul's public school, close to Bread Street. The
headmaster of the school was Mr Alexander Qill, an elderly.

Oxford divine, of high reputation for scholarship and

teaching ability. Under him, as usher or second master,

was his son, Alexander Gill the younger, also aii Oxford

graduate of scholarly reputation, but of blustering character.

Milton's acquaintanceship with this younger Gill, begun at

St Paul's school, led to subsequent friendship and corre-

spondence. Far more affectionate and intimate was the

friendship formed by Milton at St Paul's with a certain

young Charles Diodati, his schoolfellow there, the son of a

naturalized Italian physician, Dr Theorlore Diodati, who
had settled in London in good medical practice, and was

much respected, both on his own account, and as being the

brother of the famous Protestant divine, Jean or Giovanni

Diodati of Geneva. Young Diodati, who was destined for

his father's profession, left the school for Oxford University

early in 1623; but Milton remained till the end of 1624.

A family incident of that year was the marriage of his

elder sister, Anne, with Edward Phillips, a clerk in the

Government office called the Crown Office in Chancery.

Milton had then all but completed his sixteenth year, and
was as scholarly, as accomplished, and as handsome a

youth as St Paul's school had sent forth. We learn from
himself that his exercises "in English or other tongue,

prosing or versing, but chiefly this latter," had begun to

attract attention even in his boyhood. This implies that

he must have had a stock of attempts in English and Latin

by him of earlier date than 1624. Of these the only

specimens that now remain are his Paraphrase on Psalm
CXI 7. and his Paraphrase on Psalm CXXX7I.
On February 12, 1624-25, Milton, at the age of sixteen

years and two months, was entered as a student of Christ's

College, Cambridge, in the grade of a " Lesser Pensioner."

His matriculation entry in the books of the university is

two months later, April- 9, 1625. Between these two dates

James I. had died, and had been succeeded by Charles I.

Cambridge University was then in the full flush of its

prosperity on that old system of university education

which combined Latin and Greek studies with plentiful

drill and disputation in the scholastic let ,'c and philosophy,

but with little of physical science, ana next to no mathe-
matics. There were sixteen colleges in all, dividing among
them a total of about 2900 members of the university.

Christ's College, to which Milton belonged, ranked about

third in the university in respect of numbers, counting

about 265 members on its books. The master was Dr
Thomas Bainbrigge ; and among the thirteen fellows were

Mr Joseph Meade, still remembered as a commentator on
the Apocalypse, and Mr WiUiam ChappeU, afterwards an
Irish bishop. It was under Chappell's tutorship that

Milton was placed when he first entered the college. At
least three students who entered Christ's after Milton, but

during his residence, deserve mention. One was Edward
King, a youth of Irish birth and high Irish connexions,

who entered in 1626, at the age of fourteen ; another was
John Cleveland, afterwards known as royalist and satirist,

who entered in 1627; and the third was Henry More, sub-

sequently famous as the Cambridge Platonist, who entered

in 1631, just before Milton left. Milton's own brother,

Christopher, joined him in the coUege in Februarv 1630-
31, at the age of fifteen.

Milton's academic course lasted seven years and tive

months, or from February 1624-25 to July 1632, bringing

him from his seventeenth year to his twenty-fourth. The
first four years were his time of undergraduateship. It

was in the second of these, the year 1626, that there

occurred that quarrel between him and his tutor, Mr
ChappeU, which Dr Johnson, making the most of a lax

tradition from Aubrey, magnified into the supposition that
Milton may have been one of the last students in either of

the English universities that suffered the indignity of
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corporal punishment. The legend deserves no credit ; but
it is certain that Milton, on account of some disagreement
with Chappell, leading to the interference of Dr Bainbrigge,

loft college for a time, and that, when he did return, it was
Qnder an arrangement which, while securing that he should

not lose a term by his absence, transferred him from the

tutorship of Chappell to that of Mr Nathaniel Tovey,
another of the fellows of Christ's. Froit^ a reference to

the matter in the first of the Latin elegies one infers that

the cause of the quarrel was some outbreak of self-assertion

on Milton's part. We learn indeed, from words of his own
elsewhere, that it was not only Chappell and Bainbrigge

that he had offended by his independent demeanour, but

that, for the first two or three years of his undergraduate-

ship, he was generally unpopular, for the same reason,

among the younger men of his college. They had nick-

named him " The Lady," a nickname which the students

of the other colleges took up, converting it into " The Lady
of Christ's College "

; and, though the allusion was chiefly

to the peculiar grace of his personal appearance, it con-

veyed also a sneer at what the rougher mca thought his

unusual prudishness, the haughty fastidiousness of his

tastes and morals. Quite as distinct as the information

that he was for a while unpopular with the majority of his

fellow-students are the proofs that they all came round him
at last with respect and deference. The change had cer-

tainly occurred before January 1628-29, when, at the age of

twenty, he took his B.A. degree. By that time his intel-

lectual pre-eminence in his college, and indeed among his

coevals in the whole university, had come to be acknow-
ledged. His reputation for scholarship and literary genius,

extraordinary even then, was more than confirmed during

the remaining three years and a half of his residence in

Cambridge. A fellowship in Christ's which fell vacant

in 1630 would undoubtedly have been his had the election

to such posts depended then absolutely on merit. As it

was, the fellowship was conferred, by royal favour and
mandate, on Edward King, his junior in college standing

by sixteen months. In July 1632 Milton completed his

career at the university by taking his M.A degree. His
signature in the University Register stands at the head of

the list of those who graduated as masters that year from
Christ's. Anthony Wood's summary of the facts of his

university career as a whole is that he "performed the

collegiate and academical exercises to the admiration of all,

and was esteemed to be a virtuous and sober person, yet

not to be ignorant of his ovm parts." The statement is

in perfect accordance with Milton's own account. He
speaks of " a certain niceness of nature, an honest haughti-

ness, and self-esteem of what I was or what I might be,"

as one of his earliest characteristics ; and, though intimat-

ing that, even while actually a student at Cambridge, he
had " never greatly admired " the system of the place, he
leaves us in no doubt as to the quite exceptional applause

with which he had gone through all the prescribed work.

To the regular Latin and Greek of the university he had
added, he tells us, French, Italian, and Hebrew. He had
4lso learnt fencing and other gentlemanly exercises of the

time, and was an expert swordsman.

Of Milton's skill at Cambridge in what Wood calls " the

coUegiate and academical exercises " specimens remain in

his Prolusioties Quxdam Oratoriee. They consist of seven

rhetorical Latin .essays, generally in a whimsical vein,

delivered by him, in his undergraduateship or during his

subsequent bachelorship in arts, either in the hall of

Christ's College or in the public University School.

Relics of Milton's Cambridge period are also four of his

Latin Familiar Epistles; but more important are the

pottical remains. These include the greater number of his

preserved Latin poems—to wit, (1) the seven pieces which
j

compose his Elegiarum Liber, two of the most interesting

of them addressed to his medical friend, Charles Diodati,

and one to his former tutor Young in his exile at Ham-
burg, (2) the five short Gunpowder Plot epigrams, now
appended to the Elegies, and (3) the first five pisccs of the

Si/lvarum Liber, the most important of which are the hexa-

meter poem " In Quintum Novembris " and the piece

entitled "Naturam non pati senium." Of the English

poems of the Cambridge period the following is a dated
list:

—

On the Death of a Fair Infant, 1625-26, the subject

being the death in that inclement winter of his infant

niece, the first-born child of his sister Mrs Phillips ; A t

a Vacation Exercise in the College, 1628; the magnificent

Christmas ode On the Morning of Christ's Nativity, 1629
;

the fragment called The Passion and the Song on May
Morning, both probably belonging to 1630; the lines On
Shakespeare, certainly belonging to that year ; the two
facetious pieces On the University Carrier, 1630-31 ; the

Epitaph on the Marchioness of Winchester, 1631; the

sonnet To the Nightingale, probably of the same year; the

sonnet On arriving at the Age of twenty-three, dating itself

certainly in December 1631.

Just before MUton quitted Cambridge, his father, then

verging on his seventieth year, had practically retired

from his Bread Street business, leaving the active manage-
ment of it to a partner, named Thomas Bower, a former
apprentice of his, and had gone to spend his declining

years at Horton in Buckinghamshire, a small village near

Colnbrook, and not far from Windsor. Here, accordingly,

in a house close to Horton church, Milton mainly resided

for the next six years,—from July 1632 to April 1638.

Although, when he had gone to Cambridge, it had been

with the intention of becoming a clergj'man, that intention

had been abandoned. His reasons were that "tyranny
had invaded the church," and that, finding he could not

honestly subscribe the oaths and obligations required, he
" thought it better to preserve a blameless silence before

the sacred office of speaking begun with servitude and

forswearing." In other words, he was disgusted with the

system of- high prelacy which Laud, who had been bishoj)

of London and minister paramount in ecclesiastical matters

since 1628, was establishing and maintaining in the Church

of England. " Church-outed by the prelates," as he

emphatically expresses it, he seems to have thought for a

time of the law. From that too he recoiled ; and, leav-

ing the legal profession for his brother Christopher, he had
decided that the only life possible for himself was one of

leisurely independence, dedicated wholly to scholarship and

literature. His compunctions on this subject, expressed

already in his sonnet on arriving at his twenty-third year,

are expressed more at length in an English letter sent by

him, shortly after the date of that sonnet, and with a coi)y

of the sonnet included, to some friend who had been

remonstrating with him on his "belatedness" and his

persistence in a hfe of mere dream and study. There

were gentle remonstrances also from his excellent father.

Between such a father and such a son, however, the con-

clusion was easy. Wh&t it was may be learnt from Milton's

fine Latin poem Ad Patrem. There, in the midst of an

enthusiastic recitation of all that his father had done for

him hitherto, it is intimated that the agreement between

them on their one little matter of difference was already

complete, and that, as the son was bent on a private life of

literature and poetry, it had been decided that he should

have his own way, and should in fact, so long as he chose,

be the master of his father's means and the chief person in

the Horton household. For the six years from 1632 this,

accordingly, was Milton's position. In perfect leisure, and

in a pleasant rural retirement, with Windsor at the distance

of an easy walk, and London only about 17 miles off, he
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went throngh, he tells us, a systematic course of reading

in the Greek and Latin classics, varied by mathematics,

mnsic, and the kind of physical science we should now call

cosmography.

It is an interesting fact that Milton's • very first public

appearance in the world of English authorship was in so

honotirable a place as the second folio edition of Shakespeare

in 1632. His enthusiastic eulogy on Shakespeare, written

in 1630, was one of three anonymous pieces prefixed to

that second folio, along with reprints of the commendatory
verses that had appeared in tie first folio, one of them
Ben Jonson's immortal tribute to Shakespeare's memory.
Among the poems actually written by Milton at Horton
the first, in all p«-obabLlity, after the Latin hexameters Ad
Patrem, were the exquisite companion pieces L'Allegro

and // Penseroso. There followed, in or about 1 633, the

fraginent called Arcades. It was part of a pastoral masque
got up by the young people of the noble family of Egerton
in honour of their venerable relative the countess-dowager

of Derby, and performed before that lady at her mansion of

Harefield, near Uibridge, about 10 miles from Horton.
That Milton contributed the words for the entertainment
was, almost certainly, owing to his friendship with Henry
Lawes, one of the chief court musicians of that time, whose
known connexion with the Egerton family points him out

as the probable manager of the Harefield masque. Next
in Order among the compositions at Horton may be

mentioned the three short pieces, At a Solemn Music, On
Time, and Upon the Circumcision; after which comes
Comiis, the largest and most important of all Milton's

minor poems. The name by which that beaut'ful drama
is now universally known was not given to it by Milton
himself. He entitled it, more simply and vaguely, " A
Masque presented at Ludlow Castle, 1634, before the Earl
of Bridgewater, Lord President of Wales." The existence

of this poem is certainly due to Milton's intimacy with
Lawes. The earl of Bridgewater, the head of the Egerton
fanuly, had been appointed to the high office of the

presidency or viceroyalty of Wales, the official seat of

which was Ludlow in Sliropshire ; it had been determined
that among the festivities on his assumption of the office

there should be a great masque in the hall of Ludlow
Castle, with Lawes for the stage manager and one of the

actors ; Milton had been applied to by Lawes for the

poetry ; and, actually, on Michaelmas night, September 29,

1634, the drama furnished by Milton was performed in

Ludlow Castle before a great assemblage of the nobility

and gentry of the Welsh principality, Lawes taking the part
of " the attendant spirit," whUe the parts of " first brother,"
" second brother," and " the lady " were taken by the earl's

three youngest children, Viscount Brackley, Mr Thomas
Egerton, and Lady Alice Egerton.—From September 1634
to the beginning of 1637 is a comparative blank in our
records. Straggling incidents in this blank are a Latin
letter of date December 4, 1634, to Alexander Gill the
younger, a Greek Translation of Psalm CXIV., a visit to

Oxford in 1635 for the purpose of incorporation in the
degree of M.A. in that university, and the beginning in

May 1636 of a troublesome lawsuit against his now aged
and infirm father.—I'he lawsuit, which was instituted by
a certain Sir Thomas Cotton, baronet, nephew and executor
of a deceased John Cotton, Esq., accused the elder Milton
and his partner Bower, or both, of having, in their capacity
as scriveners, misappropriated divers large sums of money
that had been entrusted to them by the deceased Cotton to
be let out at interest. The lawsuit was still in progress
when, on the 3d of April 1637, Milton's mother died, at

the age of about sixty-five. A flat blue stone, with a brief

inscription, visible on the chancel-pavement of Horton
church, still marks the place of her burial. Milton's

testimony to her character is that sue was a " a most
excellent mother and particularly known for her charitie:x

through the neighbourhood." The year 1637 was other-

wise eventful in his biography. It was in that year that

his Comus, after lying in manuscript for more than two
years, was published by itself, in the form of a small quarto

of thirty-five pages. The author's name was withheld, and
the entire responsibility of the publication was assumed by
Henry Lawes. Milton seems to have been in London when
the little volume appeared. He was a good deal in London,

at all events, during the summer and autumn months
immediately following his mother's death. The plague,

which had been on one of its periodical visits of ravage

through England since early in the preceding year, was
then especially severe in the Horton neighbourhood, while

London was comparatively free. It was probably in

London that Milton heard of the death of young Edward
King of Christ's College, whom he had left as one of the

most popular of the fellows of the college, and one of the

clerical hopes of the university. King had sailed from
Chester for a vacation visit to his relatives in Ireland,

when, on the 10th of August, the ship, in perfectly calm

water, struck on a rock and went down, he and nearly

all the other passengers going down with her. There is

no mention of the sad accident in two otherwise very in-

teresting Latin Familiar Epistles of !Milton, of September
1637, both addressed to his medical friend Charles Diodati,

and both dated from London ; but how deeply the death of

King had afiected him appears from his occupation shortly

afterwards. In November 1637, and probably at Horton,

whence the plague had by that time vanislfed, he wrote
his matchless pastoral monody of Lycidas. It was his con-

tribution to a collection of obituary verses, Greek, Latin, and
English, which King's numerous friends, at Cambridge and
elsewhere, were getting up in lamentation for his sad fate.

The collection did not appear till early in 1638, when it

was published in two parts, with black-bordered title-pages,

from the Cambridge University press, one consisting of

twenty-three Latin and Greek pieces, the other of thirteen

English pieces, the last of which was l^Iilton's monody,
signed only with his initials " J. M." It was therefore

early in 1638, when Milton- was in his thirtieth year, that

copies of his Lycidas may have been in circulation among
those who had already become acquainted with his Comus.

Milton was then on the wing for a foreign tour. He
had long set his heart on a visit to Italy, and circum-

stances now favoured his wish. The vexatious Cotton
lawsuit, after hanging on for nearly two years, was at an
end, as far as the elder Milton was concerned, with the
most absolute and honourable vindication of his character

for probity, though with some continuation of the case

against his partner, Bower. Moreover, Milton's younger
brother, Christopher, though but twenty-two years of age,

and just about to be called to the bar of the Inner Temple,
had married a wife ; and the young couple had gone to

resid'i at Horton to keep the old man company. There
being nothing then to detain Milton, all was arranged
for hit journey Before the end of April 1638 he
was on his way across the Channel, taking one English
man-servant with him. At the time of his departure
the last great news in England was that of the National
Scottish Covenant, or solemn oath and band of all .ranks

and classes of the Scottish people to stand by each other
to the death in resisting the ecclesiastical innovations
which Laud and Charles had been forcing upon Scotland.
To Cliarles the news of tliis " damnable Covenant," as he
called it, was enraging beyond measure ; but to the ma-s
of the English Puriu-ms it was far from unwelcome,
promising, as it seemed to do, for England herself, the
subversion at last of that system of " Thorough," or despotic
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govornment by the king and hia ministers without parlia^

ments, under which the country had been groaning since the

contemptuous dissolution of Charles's third parliament ten

years before.

Through Paris, where Milton made but a short stay,

receiving polite attention from the English ambassador.

Lord Scudamore, and having the honour of an introduction

to the famous Hugo Grotius, then ambassador for Sweden
at the French court, he moved on rapidly to Italy, by way
of Nice. After visiting Genoa, Leghorn, and Pisa, he
arrived at Florence, August 1638. Enchanted by the city

and its society, he remained there two months, frequenting

the chief academies or literary clubs, and even taking part

in their proceedings. Among the Florentines with whom
he became intimate were Jacopo Gaddi, young Carlo Dati,

Pietro Frescobaldi, "Agostino Coltellini, the grammarian
Benedetto Buommattei, Valerio Chimentelli, and Antonio

Francini. It was in the neighbourhood of Florence also

that he " found and visited " the great Galileo, then old

and blind, and still nominally a prisoner to the Inquisition

for his astronomical heresy. From Florence, by Siena,

Milton went to Eome. He reached the Eternal City some
time in October, and spent about another two months
there, not only going about among the ruins and antiquities

and visiting the galleries, but mixing also, as he had done

in Florence, with the learned society of the academies.

Among those with whom he formed acquaintance in Kome
were the German scholar, Lucas Holstenius, librarian of

the Vatican, and three native Italian scholars, named
Cherubini, Salzilli, and Selvaggi. There is record of his

having dined once, in company with several other English-

men, at the hospitable table of the English Jesuit College.

The most picturesque incident, however, of his stay in

Rome was his presence at a great musical entertainment

in the palace of Cardinal Francesco Barberini. Here he

had not only the honour of a specially kind reception by
the cardinal himself, but also, it would appear, the

supreme pleasure of listening to the marvellous Leonora
Baroni, the most renowned singer of her age. Late in

November he left Eome for Naples. Here also he was
fortunate. The great man of the place was the now very

aged Giovanni Battista Manso, marquis of Villa, the friend

and biographer of the great Tasso, and subsequently the

friend and patron of the sweet Marini. By a happy
accident Milton obtained an introduction to ilanso, and
nothing could exceed the courtesy of the attentions paid

by the aged marquis to the young English stranger. He
had hardly been in Naples a month, however, when there

came news from England which not only stopped an
intention he had formed of extending his tour to Sicily

and thence into Greece, but urged his immediate return

home. "The sad news of civil war in England," he says,

" called me back ; for I considered it base that, while my
fellow-countrymen were fighting at home for liberty, I

should be travelling abroad for intellectual culture." In

December 1638, therefore, he set his face northwards again.

His return journey, however, probably because he learnt

that the news he had first received was exaggerated or

premature, was broken into stages. He spent a second

two months in Rome, ascertained to have been January

and February 1638-39 ; during which two months, as ho

tells us, he was in some danger from the papal police,

because the English Jesuits in Rome had taken offence at

his habit of free speech, wherever he went, on the subject

of religion. Though he did not alter his demeanour in the

least in this particular, nothing happened ; and from Eome
he got safely to Florence, welcomed back heartily by his

Florentine friends, and reneiving his meetings with them

privately and in their academies. His second visit to

Florence, including an excursion to Lucca, extended over

two months; and not till April 1639 did he take hia

leave, and proceed, by Bologna and Ferrara, to Venice.

About a month was given to Venice ; and theuco, having

shipped for England the books he had collected in Italy,

he went on, by Verona and Jlilan, over the Alps, to

Geneva. In this Protestant city he spent a week or tw»
in June, forming interesting acquaintanceships there too,

and having daily conversations with the great Protestant

theologian Dr Jean Diodati, the uncle of his friend

Charles Diodati. From Geneva he returned to Paris, and
so to England. He was home again in August 1639,

having been absent in all fifteen or sixteen months.

Milton's Continsntal tour, and especially the Italian

portion of it, remained one of the chief pleasures of hia

memory through all his subsequent Ufe. Nor was it quite

without fruits of a literary kind. Besides two of his Latin

Episiotee Familiares, one to the Florentine grammarian
Buommattei, and the other to Lucas Holstenius, there

have to be assigned to Milton's sixteen months on the

Continent his three Latin epigrams Ad Leonoram Romx
Caneniem, his Latin scazons Ad Sahillum Poetara

Romanum jEgrotantem, his fine and valuable poem in

Latin hexameters entitled Mansus, and his Five Italian

Sonnets, with a Canzone, celebrating the charms of some
Italian lady he had met in his travels.

One sad and marring memory did mingle itself with all

that was otherwise so delightful in his Italian reminiscences.

His bosom friend and companion from boyhood, the half-

Italian Charles Diodati, who had been to him as Jonathan

to David, and into whose ear he had hoped to pour the

whole narrative of what he had seen and done abroad, had

died during his absence. He had died, in Blackfriars,

London, in August 1638, not four months after Jliltou

had gone away on his tour. The intelligence had not

reached Milton till some months afterwards, probably not

till his second stay in Florence; and, though he must have

learnt some of the particulars from the youth's uncle in

Geneva, he did not know them fully till his return to

England. How profoundly they affected him appears

from his Epitapkiunt Damonis, then ntitten in memory of

his dead friend. The importance of this poem in Milton's

biography cannot be overrated. It is perhaps the noblest

of all his Latin poems ; and, though in the form of a

pastoral, and even of a pastoral of the most artificial sort,

it is unmistakably an outburst of the most passionate

personal grief. In this respect Lycidas, artistically perfect

though that poem is, cannot be compared with it ; and it is

only the fact thaX Lycidas is in English, while the Epitapkium

Damonis is in Latin, that has led to the notion that Edward
King of Christ's College was peculiarly and pre-eminently

the friend of Milton in his youth and early manhood.

That Milton, now in his thirty-first year, had been gird-

ing himself for some greater achievement in poetry than any

he had yet attempted, Comtis not excepted, we should Lave

known otherwise. What we should not have known, but

for an incidental passage in the Epitapkium Damonis, is

that, at the time of his return from Italy, he had chosen a

subject for such a high literary effort of a new Miltonic

sort. The passage is one in which, after referring to the

hopes of Diodati's medical career as so suddenly cut short

by his death, Milton speaks of himself as the survivor and

of his own projects in his profession of literature. In

translation, it may run thus :

—

" I have a theme of the Trojans cruising onr southern headlands

Shaping to .song, and the realm of Imogen, daughter of Pandras,

Brennus and Arvirach, dukes, and Brcn's bold brother, Bclinus
;

Then the Armorican settlers under the laws of the Britons,

Ay, and the womb of Igraine fatally pregnantwith Arthur,

Uther's son, whom he got disguised in Gorlois' likeness,

All by Merlin's craft. then, if life shall be spared rac,

Tiiou'shalt be hung, my pipe, far off on some dying old pine-tree,
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Much-forgotten of in« ; or else your Latian music
Changed for the British war-scrooch I What then! For one to

do all things,

One to hope all things, fits not ! Prize sufficiently ampio
Mine, and distinction pr'^'t (unheard-of ever thereafter

ITiough I should he and inglorious all through the world of the

stranger).

If but the yellow-haired Ouse shall read me, the drinker of Alan,

Humber, which whirls as it flows, and Trent's whole valley of

orchanls,

Thames, my own Thames, above all, and Tamar'a western waters,

Tawny with ores, aud where the whit" waves swinge tho far

Orkneys."

Interpreted prosaically, this means that Milton was
meditating an epic of which King Arthur was to bo the

central figure, but which should include somehow the

whole cycle of British and Arthurian legend, and that not

only was this ejiio to bo in li^nglish, but he had resolved

that all his poetry for the future should be in the same
tongue.

Not long after Milton's return the house at Horton

ceased to be tho family home. Christopher ililton and
his wife went to reside at Reading, taking the old

gentleman with them, while" Milton himself preferred

London, He bad first taken lodgings in St Bride's

Churchyard, at the font of Fleet Street; but, after a while,

probably early in 1640, be removed to a "pretty garden

house " of his own, at the end o*' an entry, in the part of

Aldersgate Street which Ues immediately on the city side

of what is now Slaidenhcad Court. His sister, whose

first husband had died in lG31,had married a Mr Thomas
Agar, his successor in the Crown Office; and it was arranged

that her two sons b)' her first husband should be educated

by their uncle. John Phillips, the younger of them, only

nine years old, had boarded vriih him in the St Bride's

Churchyard lodgings : and, after the removal to Aldersgate

Street, the other brother, Edward Phillips, only a year

older, became his boarder also. Gradually a few other

boys, the sons of well-to-do personal friends, joined the

two Phillipses, whether as boarders or for daily lessons,

so that the house in Aldersgate Street became a small

(jrivate school. The drudgery of teaching seems always

to have been liked by Slilton. What meanwhile of the

great Arthurian epic 1 That project, we find, had been

given up, and Milton's mind was roving among many other

subjects, and balancing their capabilities. How he wavered

between Biblical subjects and heroic subjects from British

history, and how many of each kind suggested themselves

to him, one learns from a list in his own handwriting among
the Milton MSS. at Cambridge. It contains jottings of

no fewer than fifty-three subjects from the Old Testament,

eight from tho Gospels, thirty-three from British and
English history before the Conquest, and five from Scottish

history. It is curious that all or most of them are headed

or described as subjects for "tragedies," as if the epic

form had now been abandoned for the dramatic. It is

more interesting still to observe which of the subjects

fascinated Milton most. Though several of them are

sketched pretty fully, not one is sketched at such length

and so particularly as Paradise Lost. It is tho first subject

on the list, and there are four separate drafts of a possible

tragedy under that title, two of them merely enumerating

the dramatis personte, but the last two indicating the plot

and the division into acts. Thus, in 1640, twenty-seven

years before Paradise Lost was given to the world, ho had
put down tho name on paper, and had committed himself

to the theme.

To these poetic droamings and schemings there was to

be a long interruption. The Scottish National Covenant

had led to extraordinary results. Not only were Charles

and Laud checkmated in their design of converting the

Tiild Episcopal systeft) which King James had established

in Scotland into a high Laudian prelacy ; but, in a

General Assembly held at Glasgow in the end of 1638,

Episcopacy had been utterly abolished in Scotland, and
the old Presbyterian system of Knox and Melville revived.

To avenge this, and restore tho Scottish bishops, Charles

had marched to the Border with an English army ; but,

met there by the Covenanting army undir General

Alexander Leslie, he had not deemed it prudent to risk a

battle, and had yielded to a negotiation conceding to the

Soots all their demands. This "First Bishop^' War," as

it came to be called, was begun and toncluded while

Milton was abroad. About the time of his return, how-
ever, Charles bad again broken with the Scots. Milton

had been watching the course of affairs since then with

close and eager interest. He had seen and partaken in

the sympathetic stir in favour of the Scots which ran

through tho popular and Puritan mind of England. He
had welcomed the practical proof of this sympathy given

in thatEnglishparliamentof April 1640, called "The Short

Parliament," which Charles, in his straits for supplies against

the Soots, had reluctantly summoned at last, but was
obliged to dismiss as unmanageable. Charles had, never-

theless, with money raised somehow, entered on the

"Second Bishops' War." This time the result was
momentous indeed. The Scots, not waiting to be attacked

in their own countrj', took the aggressive, and invaded

England. In August 1640, after one small engagement
with a portion of Charles's army, they were in possession

of Newcastle and of all the northern English counties.

Tho English then had their opportunity. A treaty with

the Scots was begun, which the English Puritans, who
regarded their presence in England as the very blessing

they had been praying for, were in no haste to finish ; and,

on the 3d of November 1640, there met that parliament

which was to be famous in English history, and in the

history of the world, as " The Long Parliament."

Of tho first proceedings of this parliament, including the

trial and e.-«ficution of Strafford, the impeachment and
imprisonment of Laud and others, and the break-dovvTi of

the system of Thorough by miscellaneous reforms and by
guarantees for parliamentary liberty, Milton was only a

spectator. It was when the church question emerged
distinctly as the question paramount, and there had arisen

divisions on that question among those who had been
practically unanimous in matters of civil reform, that he
plunged in as an active adviser. There were three parties

on the church question. There was a high-church party,

contending for Episcopacy by divine right, and for the

maintenance of English Episcopacy very much as it was

;

there was a middle party, defending Episcojiacy on grounds
of usage and expediency, but desiring to see tho powers of

bishops greatly curtailed, and a limited Episcopacy, with

councils of presbyters roiyid each bishop, substituted for

the existing high Episcopacy ; and there was the root-and

branch party, as it called itself, desiring the entire abolition

of Episcopacy and the reconstruction of the English

Church on something like the Scottish Presbyterian model.

Since the opening'of the parliament there had been a storm

of pamphlets crossing one another in the air from these

three parties. The chief manifesto of the high-church

party was a pamphlet by Joseph Hall, bishop of Exeter,

entitled HiimUe Jiemonstrance to the lli'jh CouH of

Pdrliament. In answer to Hall, and in rei)resentation of

the views of the root-and-brancli party, there had stepped

forth, in March 1640-41, five leading Puritan parish

ministers, the initials of whoso names, clubbed together on

the title-page of their joint production, made the uncouth
word " Smectymnuus." These were Stephen Marshall,

Edmund Calamy, Thojiias Youn^, Matthew Ncwcomeii,
and William Spurstow. The Thomas Young whose name
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comes in the middle was no other than the Scottish
Thomas Young who had been Milton's domestic preceptor
in Bread Street. Having returned from Hamburg in

1628, he had been appointed to the vicarage of Stowmarket
in Suffolk, in which living he had remained ever since,

with the reputation of being one of the most solid and
learned Puritans among the English parish clergy. The
famous Smectymnuan pamphlet in reply to Hall was
mainly Young's. What is more interesting is that his old

pupil Milton was secretly in partnership with him and his

brother-Smectymnuans. Milton's hand is discernible in a
jiortion of the original Smectymnuan pamphlet ; and he
continued to aid the Smectymnuans in their subsequent
rejoinders to Hall's defences of himself. It was more in

Milton's way, however, to appear in print independently;

and in May 1641, while the controversy between Hall and
the Smectymnuans was going on, he put forth a pamphlet
of his own. It was entitled Of Refonnatimi touckiny

Church Discipline in England and the Causes that have

hitherto hindered it, and consisted of a review of English

ecclesiastical history, with an appeal to his countrymen to

resume that course of reformation which he considered to

have been prematurely stopped in the preceding century,

and to sweep away the last relics of papacy and prelacy.

Among all the root-and-branch pamphlets of the time it

stood out, and stands out still, as the most thorough-going

and tremendous. It was followed by four others in rapid

succession,—to wit, Of Prelatical Episcopacy and ivhether

it may be deduced from the Apostolical Times (June 1641),

Animadversions upon the Remo7istrani's Defence against

Smectymnuus (July 1641), The Reason of Church Govern-

ment urged against Prelaty (February 1641-42), Apology
against a Pamphlet called a Modest Confutation of the

Animadversions, &c. (ilarch 1641-42). The first of these

was directed chiefly against that middle party which
advocated a limited Episcopacy, with especial reply to the

arguments of Archbishop Ussher, as the chief exponent of

the views of that party. Two of the others, as the titles

imply, belong to the Smectymnuan series, and were
castigations 6f Bishop HaU. The greatest of the four, and
the most important of all Milton's anti-Episcopal pamphlets

after the fiirst, is that entitled The Reason of Church
Government. It is there that Milton takes his readers

info his confidence, speaking at length of himself and his

motives in becoming a controversialist. Poetry, he declares,

was his real vocation ; it was with reluctance that he had
resolved to " leave a calm and pleasing solitariness, fed with

cheerful and confident thoughts, to embark in a troubled

sea of noises and hoarse disputes"; but duty had left him
no option. The great poem or poems he had been meditat-

ing could wait ; and meanwhile, though in prose-polemics

he had the use only of his " left hand," that hand should

be used with all its might in the cause of his country and
of liberty.

The parliament had advanced in the root-and-branch

direction so far as to have passed a bill for the exclusion

of bishops from the House of Lords, and compelled the

king's assent to that biU, when, in Aiigust 1642, the

further struggle between Charles and his subjects took the

form of civil war. All England was then divided into the

Royalists, supporting the king, and the Parliamentarians,

adhering to that majority of the Commons, with a

minority, of the Lords, which sat on as the parhament.

While the first battles of the civil war were being fought

with varjring success, this parliament, less impeded than

when it had been full, moved on more and more rapidly

in the roo^and branch direction, till, by midsummer 1643,

the abolition of Episcopacy had been decreed, and the

question of the future non-prelatic constitution of the

Church of England referred to a synod of divine.s, to meet

at Westminster under parliamentary authority. Of Milton's
life through those first months of the civil war little is

known. He remained in his house in Aldersgate Street,

teaching his nephews and other pupils; and the only
scrap that came from his pen was the semi-jocose sonnet
bearing the title When the Assault was intended to the City.

In the summer of 1643, however, there was a great change
in the Aldersgate Street household. About the end of May,
as his nephew Edward Phillips remembered, Milton went
away on a country journey, without saying whither or for

what purpose ; and, when he returned, about a month
afterwards, it was with a young wife, and with some of

her sisters and other relatives in her company. He had,
in fact, been in the very headquarters of the king and the
Royalist army in and round Oxford ; and the bride he
brought back with him was a Mary Powell, the eldest

daughter of Richard Powell, Esq., of Forest Hill, near
Oxford. She was the third of a family of eleven sons and
daughters, of good standing, but in rather embarrassed
circumstances, and was seventeen years and four months
old, while Milton was in his thirty-fifth year. However
the marriage came about, it was a most unfortunate event.

The Powell family were strongly Royalist, and the girl

herself seems to have been frivolous, unsuitable, and
stupid Hardly were the honeymoon festivities over in

Aldersgate Street when, her sisters and other relatives

having returned to Forest Hill and left her alone with her

husband, she pined for home again and begged to be
allowed to go back on a visit. Milton consented, on the

understanding that the visit was to be a brief one. This

seems to have been in July 1643. Soon, however, the

intimation from Forest Hill was that he need not look

ever to have his wife in his house again. The resolution

seems to have been mainly the girl's o^-n, abetted by her

mother ; but, as the king's cause was then prospering in

the field, it is a fair conjecture that the whole of the

Powell family had repented of their sudden connexion with

so prominent a Parliamentarian and assailant of the Church

of England as Milton. While his wife was away, his old

father, who had been residing for three years with his

younger and lawyer son at Reading, came to take up his

quarters in Aldersgate Street.

MUton's conduct under the insult of his wife's desertion

was most characteristic. Always fearless and speculative,

he converted his ovnx case into a public protest against the

existing law and theory of marriage. The Doctrine and

Discipline of Divorce Restored, to the good ofhoth Sexes, was

the title of a pamphlet put forth by him in August 1643,

without his name, but with no effort at concealment, declar-

ing the notion of a sacramental sanctity in the marriage

relation to be a clerically invented superstition, and arguing

that inherent incompatibility of character, or contrariety

of mind, between two married persons, is a perfectly just

reason for divorce. There was no reference to his own

case, except by implication; but the boldness of the

speculation roused attention and sent a shock through

London. It was a time when the authors of heresies of

this sort, or of any sort, ran considerable risks. The

famous Westminster Assembly of Divines, called by the

Long Parliament, had met on the appointed day, July 1,

1643; the Scots, in consenting to send an army into

England to assist the parliament in their war with the

king, had proposed, as one of the conditions, their Solemn

League and Covenant, binding the two nations to endeavour

after a uniformity of religion and of ecclesiastical discipline,

with the extirpation of all " heresy, schism, and profane-

ness," as well as popery and prelacy; the Solemn League and

Covenant had been enthusiastically accepted in England,

and was being sworn to universally by "the Parliamentarians;

and one immediate effect was that four eminent Scottish
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divines and two Scottish lay commissioners were added to

the Westminster Assembly and became leaders there.

Whether Milton's divorce tract was formally discussed in

the Assembly during the first months of its sitting is

unknown ; but it is certain that the London clergy,

including not a few members of the Assembly, were then

talking about it privately with anger and execration.

That there might be no obstacle to a more public prosecu-

tion, Milton threw off the anonymous in a second and
much enlarged edition of the tract, in February 1643-44,
dedicated openly to the parliament and the Assembly.
Then, for a mouth or two, during which the gossip about
liim and his monstrous doctrine was spreading more and
more, he turned his attention to other subjects. Among
the questions in agitation in the general ferment of opinion

brought about by the civil war was that of a reform of

the national system of education and especially of the

universities. To this question Milton made a contribution

in June 1644, in a small Trai:t on Education, in the form
of a letter to Mr Samuel Hartlib, a German then resident

in London and interesting himself busily in all philanthropic

projects and schemes of social reform. In the very next
month, however, July 1644, he returned to the divorce

subject in a pamphlet addressed specially to the clergy

and entitled The Judgment of Martin Bucer concerning

Divorce. The outcry against him then reached its height.

He was attacked in pamphlets ; he was denounced in

pulpits all through London, and more than once in sermons
before the two Houses of Parliament by prominent divines

of the Westminster Assembly ; strenuous efforts were made
to bring him within definite parliamentary censure. In
the cabal formed against him for this purpose a leading
part was played, at the instigation of the clergy, by the
Stationers' Company of London. That company, represent-

ing the publishers and booksellers of London, had a plea
of their own against him, on the ground that his doctrine

was not only immoral, but had been put forth in an illegal

manner. BQs first divorce treatise, though published imme-
diately aft^r the " Printing Ordinance " of the parliament
of June 14, 1643, requiring all publications to be Licensed

for press by one of the official censors, and to be registered
in the books of the Stationers' Company, had been issued
without licence and without registration. Complaint to

this effect was made against Milton, with some others liable

to the same charge of contempt of the printing ordinance,
in a petition of the Stationers to the House of Commons
in August 1644; and the matter came before committee
both in that House and in the Lords. It is to this

circumstance that the world owes the most popular and
eloquent, if not the greatest, of all Milton's prose-writings,
his famous Areopagitica, a Speech of Mr John Milton
for the Liberty of Unlicensed Printing to the Parliament
of England. It appeared in the end of November 1644,
deliberately unlicensed and unregistered, as was proper
on such an occasion, and was a remonstrance addressed
to the parliament, as if in an oration to them face
to face, agamst their ordinance of June. 1643 and the
whole system of licensing and censorship of the press.
Nobly eulogistic of the parliament in other respects, it

denounced their printing ordinance as utterly unworthy of
them, and of the new era of English liberties which they
were initiating, and called for its repeal. Though that
effect did not follow, the pamphlet virtually accomplished
its purpose. The licensing system had received its death-
blow ; and, though the Stationers returned to the charge
in another complaint to the House of Lords, Milton's
offence against the press ordinance was condoned. He was
still assailed in pamphlets, and found himself " in a world of
disesteem " ; but he lived on through the winter of 1644-45
undisturbed in his house in Aldersgate Street. To this

period there belong, in the shape of verse, only his sonnets

ix. and x., the first to some anonymous lady, and the

second "to the Lady Jlargaret Ley," with perhaps the

Greek lines entitled Philosophus ad Regem Qxiendam.

His divorce speculation, however, still occupied him

;

and in March 1644-45 he publi&ed simultaneously hia

Tetrachordon, or Expositions upon the four chief places of
Scripture which treat of Marriage, and his Colasterion, a

Reply to a nameless Answer against the Doctrine and
Discipline of Divorce. In these he replied to his chief

recent assailants, lay and clerical, with merciless severity.

It was not merely Milton's intellectual eminence tha^

had saved him from prosecution for his divorce heresy. A
new tendency of national opinion on the church question

had operated in his favour, and in favour of all forms of

free speculation. There had occurred in the Westminster

Assembly itself, and more largely throughout the general

community, that split of English Puritanism into the two
opposed varieties of Presbyterianism on the one hand and
Independency or Congregationalism on the other which

explains the whole subsequent history of the Puritan revo-

lution. Out of this theoretical discussion as to the con-

stitution of the church there had grown the all-important

practical question of toleration. The Presbyterians insisted

that the whole population of England should necessarily

belong to the one national Presbyterian Church, be com-

pelled to attend its worship, and be subject to its discipline,

while the Independents demanded that, if a Presbyterian

Church should be set up as the national and state-paid

church, there should at least be liberty of dissent from it,

and toleration for those that chose to form themselves

into separate congregations. Vehement within the West-
minster Assembly itself, the controversy had attained

wider dimensions out of doors, and had inwTought itwlf

in a most remarkable manner with the conduct of the war.

Orthodox Presbyterian Calvinists were still the majority

of the Puritan body ; but, in the new atmosphere of liberty,

there had sprung up, from secret and long-suppressed seeds

in the English mind, a wonderful variety of sects and
denominations, mingling other elements with their

Calvinism, or hardly Calvinistic at all,—most of them, it is

true, fervidly Biblical and Christian after their different

sorts, but not a few professing the most coolly inquisitive

and sceptical spirit, and pushing their speculations to

strange extremes of free-thinking. These sects, growing
more and more numerous in the large towTis, had become
especially powerful in the English Parliamentary army.
That army had, in fact, become a marching academy of

advanced opinionists and theological debaters. Now, as all

tiie new Puritan sects, differing however much among
themselves, saw their existence and the perpetuity of their

tenets threatened by that system of ecclesiastical uniformity
which the Presbyterians proposed to establish, they had,
one and all, abjured Presbyterianism, and adopted the

opposite principle of Independency, with its appended
principle of toleration. Hence an extraordinary conflict

of policies among those who seemed to be all Parliamen-
tarians, all united in fighting against the king. The
.luxiliary Scottish army, which had come into England in

January 1643-44, and had helped the English generals to

beat the king in the great battle of Marston Moor in July
1644, thought that he had then been almost sufficiently

beaten, and that the object of the Solemn League and
Covenant would be best attained by bringing him to such
terms as should secui-e an inunediate Presbyterian settle-

ment and the suppression of the Independents and sectaries.

In this the chief English commanders, such as Essex and
Manchester, agreed substantially with the Scots. Cromwell,
on the other hand, who was now the recognized head of

the army Independents, did not think that the king had
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been aufficiently beaten, even for the general purposes of
the war, and was resolved that the war should be pushed
on to a point at which a Presbyterian settlement should be
impossible without guarantees for liberty of conscience and
u toleration of non-Presbyterian sects. Through the latter
part of 1644, accordingly, Milton had been saved from the
] penalties which his Presbyterian opponents womd have
inflicted on him by this general championship of liberty of
opinion by Cromwell and the army Independents. Before
the middle of 1645 he, with others who were on the
black books of the Presbyterians as heretics, was safer
still. • Though the parliament had voted, in ' January
1644-45, that the future national church of England should
be on the Presbyterian system, Cromwell and the Inde-
pendents had taken care to have the question of tolera-

tion left open; and, within the next month or two, by
Cromwell's exertions, a completely new face was put upon
the war by the removal of all the chief officers that had
been in command hitherto, and the equipment of the
New Model army, with Fairfax as its commander-in-chief
and Cromwell himself as lieutenant-general. The Scots
and the stricter English Presbyterians looked on malignantly
while this army took the field, calling it an " Army of

Sectaries," and almost hoping it would be beaten. On
June 14, 1645, however, there was fought the great battle

of Naseby, utterly ruining the king at last, and leaving
only relics of his forces here and there. Jililton's position

then may be easily understood. Though his first tendency
on the church question had been to some form of a
Presbjrterian constitution for the church, he had parted
utterly now from the Scots and Presbyterians, and become
a partisan of Independency, having no dread of " sects and
schisms," but regarding them rather as healthy signs in

the English body-politic. He was, indeed, himself one of

the most noted sectaries of the time, for in the lists of

sects drawn out by contemporary Presbyterian writers

special mention is made of one small sect who were known
as Miltonisls or Divorcers,

So far as Iililton was concemea personally, his interest

in the divorce speculation came to an end in July or

August 1645, when, by friendly interference, a reconcilia-

tion vras effected between him and his wife. The ruin of

the king's cause at Kaseby had suggested to the Powells

that it might be as well for their daughter to go back to her

husband after their, two years of separation. It was not,

however, in the house in Aldersgate Street that she rejoined

him, but in a larger house, which he had taken in the

adjacent street called Barbican, for the accommodation of

an increasing number of pupils.

The house in Barbican was tenanted by JlUton from

about August 1645 to September or October 1647. Among
his first occupations there must have been the revision of

the proof sheets of the first edition of his collected poems.

It appeared as a tiny volume, copies of which are now very

rare, with the title Poems of Mr John Milton, both English

and Latin, composed at severed times. The title-page gives

the date 1645, but January 1645-46 sefems to have been

the exact month of the publication. The appearance of

the volume indicates that ^Milton may have been a little

tired by this time of his notoriety as a prose-polemic, and

desirous of being recognized once more in his original

character of literary man and poet. But, whether because

his pedagogic duties now engrossed him or for other reasons,

very few new pieces were added in the Barbican to those

that the little volume had thus made public. In English,

there were only the four sonnets now numbered xi.-xiv., the

first two entitled " On the Detraction which followed upon

my writing certain Treatises," the third "To Mr Henry

Lawes on his Airs," and the fourth "To the Religious

Memory of Mrs Catherine Thomson." together with the

powerful anti-Presbyterian invective or " tailed sonnet

"

entitled "On the New Forcers of Conscience under the
Long Parliament"; and in Latin there were only the ode
Ad Joannem Rousium, the trifle called Apologus de
Ruslico et Hero, and one interesting Familiar Epistle

addressed to his Florentine friend Carlo DatL Some .

family incidents of importance, however, appertain to this

time of residence in Barbican. Oxford having surrendered
to Fairfax in June 1646, the whole of the Powell family
had to seek refuge in London, and most of them found
shelter in Milton's house. His first child, a daughter
named Anne, was bom there on the 29th of July that
year; on the 1st of January 1646-47 his father-in-law Mr
Powell died there, leaving his affairs in confusion ; and in

the following March his own father died there, at the age
of eighty-four, and was buried in the adjacent church of St
Giles, Cripplegate. For the rest, the two years in Barbican
are nearly blank in Milton's biography. The great
Eevolution was still running its course. For a time
Charles's surrender of himself, in May 1646, to the auxiliary

Scottish army rather than to Fairfax and Cromwell, and
his residence with that Scottish army at Newcastle in

negotiation with the Scots, had given the Presbyterians

the advantage ; but, after the Scots had evacuated England
in January 1646-47, leaving Charles a captive with his

English subjects, and .'^specially after the English army had
seized him at Hohnby in June 1647 and undertaken the

further management of the treaty with him, the advantage
was all the other way. It was a satisfaction to Milton,

and perhaps still a protection for him, that the " Army of

Independents and Sectaries" had come to be really the

masters of England.

From Barbican Milton removed, in September «r

October 1647, to a smaller house in that part of High
Holbom which adjoins Liiicoln's Inn Fields. His Powell

relatives had now left him, and he had reduced the

number of his pupils, or perhaps kept only his two

nephews. But, though thus more at leisure, he did not

yet resTime his projected poem, but occupied himself

rather with three works of scholarly labour which he had

already for some time had on hand. One was the com-

pilation in English of a complete history of England, or

rather of Great Britain, from the earliest times ; another

was the preparation in Latin of a complete system of

divinity, dra^vn directly from the Bible ; and the third was

the collection of materials for a new Latin dictionary.

Milton had always a fondness for such labours of scholar-

ship and compilation. Of a poetical kind there is nothing

to record, during his residence in High Holborn, but an

experiment in psalm-tran.jlation, in the shape of Psalms

lxxx.-lxxxviiL done into service-metre in April 1648, and

the Sonnet to Fairfax, written in September of the same

year.—This last connects him again with the course of

public affairs. The king, having escaped from the custody

of the army chiefs, and taken refuge in the Isle of Wight,

had been committed to closer custody there ; all negotia-

tion between him and parliament had been declared at an

end ; and the result would probably have been his deposi-

tion, but for the consequences of a secret treaty he had

contrived to make with the Scots. By this treaty the

Scots engaged to invade England in the king's behalf^

rescue him from the English parliament and anny, and

restore him to his full royalty, while he engaged in return

to ratify the Covenant, the Presbyterian system of church

government, and all the other conclusions of the West-

minster Assembly, throughout England, and^ to put

down Independency and the sects. Thus, in May 1648,

began what is called the Second Civil Wax, consisting first

of new risirfgs of the Royalists "
; various parts of England,

and then of a conjunction of these with a great invasion
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of England by a Royalist Scottish army, under the command
of the duke of Hamilton. It was all over in August

1648, when the crusliing defeat of the Scottish army by
Cromwell in the three days' battle of Preston, and the

simultaneous suppression of the English Royalist insur-

rection in the south-east counties by Fairfax's siege and
capture of Colchester, left Charles at the mercy of the

victors.—Milton's Sonnet to Fair/ax was a congratulation

to that general-in-rliief of the parliament on his success at

Colchester, and attested the exultation of the writer over

the triumph of the Parliamentary cause. His exultation

continued through what followed. After one more dying

effort of the parlmnient at negotiation with Charles, the

array took the whole business on itself. The king was

brought from the Isle of Wight ; the parliament, manipu-

lated by the army officers, and purged of all members
likely to impede the arnijr's purpose, was converted into

an instrument for that purpose ; a court of high justice

was set up for the trial of Charles; and on January

30, 16-18-49, he was brought to the scaffold in front of

Whitehall. By that act England became a republic,

governed, without King or House of Lords, by the persever-

ing residue or " Rump " of the recent House of Commons,
in conjunction with an executive council of state, composed

of forty-one members appointed annually by that House.

The first Englishman of mark out of paiUament to

attach himself openly to the new republic was John
Jlilton. This he did by the publication of his- pamphlet

entitled Tenure of Kinffs and Magistrates, proving that it is

lawful, and hath been held so in all ages, for any who have the

poieer, to call to account a Tyrant or wiched King, and,

after dtie conviction, to depose and put him to death, if the

ordinary Magistrate have neglected to do it. It was out

within a fortnight after the king's death, and was Milton's

last performance in the house in High Holborn. The chiefs

of the new republic could not but perceive the importance

of securing the services of a man who had so opportunely

and so powerfully spoken out in favour of their tremendous

act, and who was otherwise so distinguished. In March
1648-49, accordingly, Milton was offered, and accepted, the

secretaryship for foreign tongues to the council of state

of the new Commonwealth. The salary was to be £288 a
year, worth about £1000 a year now. To be near his new
duties in attendance on the council, which held its daily

sittings for the first few weeks in Derby House, close to

Whitehall, but afterwards regularly in Whitehall itself, he
removed at once to temporary lodgings at Charing Cross.

In the very first meetings of council which Milton attended

he must have made personal acquaintance with President

Bradshaw, Fairfax, Cromwell himself. Sir Henry Vane,
^Vhitlocke, Henry Marten, Hasilrig, Sir Gilbert Pickering,

and the other chiefs of the council and the Commonwealth,
if indeed he had not known some of them before. After a

little while, for his greater convenience, official apartments

were assigned him in Whitehall itself.

At the date of Milton's appointment to the secretaryship

he was forty years of age. His special duty was the

drafting of such letters as were sent by the council of

state, or sometimes by the Rump Parliament, to foreign

states and princes, with the examination and translation

of letters in reply, and with personal conferences, when
necessary, with the agents of foreign powers in London,

and with envoys and ambassadors. As Latin was the

language employed in the vrritten diplomatic documents,

his post came to be known indifferently as the secretaryship

for foreign tongues or the Latin secretaryship. In that

post, however, his duties, more particularly at fiist, were

very light in comparison vrith those of his official colleague,

Mr Waiter Frost, the general secretary. Foreign powers

held aloof from the English republic as much as they could

;

and, while Mr Frost had to be present in every meeting of

the council, keeping the minutes, and conducting all the

general correspondence, Milton's presence was required

only when some piece of foreign business did turn up.

Hence, from the first, his employment in very miscel-

laneous work. Especially, the council looked to him for

everything in the nature of literary vigilance and literary

help in the interests of the struggling Commonwealth. He
was employed in the examination of suspected papers, and

in interviews 'with their authors and printers; and he

executed several great literary commissions expressly

entrusted to him by* the council. The first of these was
his pamphlet entitled Observations on Ormondes Aiiicles of

Peace tcith the Irish Jiebels. It was published in Jlay

1649, and was in defence of the republic against a
complication of Royalist intrigues and dangers in Ireland.

A passage of remarkable interest in it is one of eloquent

eulogy on Cromwell. More important still was the

Eikonoklastes (which may be translated " Image-Smasher "),

published by Milton in October 1649, by way of

counterblast to the famous Eihon Basililce ("Royal
Image "), which had been in circulation in thousands of

copies since the king's death, and had become a kind of

Bible in all Royalist households, on the supposition that it

had been WTitten by the royal martyr himself. A third

piece of work was of a more laborious nature. In the

end of 1649 there appeared abroad, under the title of

Defensio Begia pro Carole I., a Latin vindication of the

memory of Charles, with an attack on the English Com-
monwealth, intended for circulation on the Continent. As
it had been written, at the instance of the exiled royal

family, by Salmasius, or Claude de Saumaise, of Leyden,

then of enormous celebrity over Europe as the greatest

scholar of his age, it was regarded as a serious blow to the

infant Commonwealth. To answer it was thought a task

worthy of Milton, and he threw his whole strength into the

performance through the year 1650, interrupting himself

only by a new and enlarged edition of his Eikonoklastes.

Not till AprQ 1651 did the result appear ; but then the suc-

cess was prodigious. Milton's Latin Pro Populo Anglicann

Defensio, as it was called, ran at once over the British

Islands and the Continent, rousing acclamation everywhere,

and received by scholars as an annihilation of the great

Salmasius. - Through the rest of 1651 the observation was

that the two agencies which had co-operated most visibly

in raising the reputation of the Commonwealth abroad

were Milton's books and Cromwell's battles.—These battles

of Cromwell, in the service of the Commonwealth he had
founded, had kept him absent from the council of state,

of which he was still a member, since shortly after the

beginning of Slilton's secretaryship. For nearly a year he

had been in Ireland, as lord lieutenant, reconquering that

country after its long rebellion ; and then, for another

year, he had been in Scotland, crushing the Royalist

commotion there round Charles 11., and annexing Scotland

to the English republic. The annexation was complete on

the 3d of September 1651, when Cromwell, chasing

Charles 11. and his army out of Scotland, came up with

them at Worcester and gained his cro^vning victory. The
Commonwealth then consisted of England, Ireland, and

Scotland, and Cromwell was its supreme chief.—Through
the eventful year 1651, it has been recently ascertained,

Milton had added to the other duties of his secretaryship

that of Government journalist. Through the whole of that

year, if not from an earlier period, he acted as licenser and
superintending editor of the Mercurius Politicus, a news-

paper issued twice a week, of which Mr Marchamont
Needham was the working editor and proprietor. Milton's

hand is discernible in some of the leading articles.

About the end of 1651 Milton left his official rooms in
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Whitehall for a \o\is6 he had taken on the edge ot St
James's Park, in what was then called Petty France,
Westminster, but is now York Street. The house existed
till the other day, but has been pulled down. In Milton's
time it was a villa-looking residence, with a garden, in
a neighbourhood of villas and gardens. He had now
more to do in the special work of his office, in consequence
of the increase of correspondence with foreign powers.
•But he had for some time been in ailing health ; and a
dimness of eyesight which had been growing upon him
gradually for ten years had been settling rapidly, since his

labour over the answer to Salmasius, into total blindness.

Actually, before or about May 1652, when he was but in

his forty-fourth year, his bKndness was total, and he could
go about only with some one to lead l.:in. Hence a re-

arrangement of his secretarial duties. Sucii of these duties

as he could perform at home, or by occasional visits to the
Council Office near, he continued to perform ; but much of

the routine, work was done for him by assistants, one of

them a well-known German named Weokherlin, under the

superintendence of Mr John Thurloe, who had succeeded
Mr Walter Frost in the general secretaryship. Precisely

to this time of a lull in Milton's secretaryship on account
of his iU-health and blindness we have to refer his two
great companion sonnets To the Lord General Cromxvell

and To Sir Henry Vane the Younger. To about the same
time, or more precisely to the interval between May and
September 1652, though the exact date is uncertain, we
have to refer the death of his only son, who had been born
in his official Whitehall apartments in the March of the

preceding year, and the death also of his wife, just after

she had given birth to his third daughter, Deborah. With
the three children thus, left? him,—Anne, but sis 'years old,

Mary, not four, and the infant Deborah,—the blind

widower lived on in his house in Petty France in such

desolation as can be imagined. He had recovered suffici-

ently to resume his secretarial duties ; and the total mxm-
ber of his dictated state letters for the single year 1652
IS equal to that of all the state letters of his preceding

term of secretaryship put together. To the same year

there belong also three of his Latin Familiar Ejmtles.

In December 1652 there was published Joannis Philippi

Angli Responsio ad Apologio.rn Anonymi Cvjiisdam Tene-

brionis, being a reply by Milton's younger nephew, John
Phillips, but touched up by Milton himself, to one of

several pamphlets that had appeared against Milton for his

slaughter of Salmasius. The ablest and most scurrilous

of these, which had just appeared anonymously at the

Hague, with the title Jiegii Sanguinis Clamor ad Ccelum

adversvs Parricidas Anglicanos ("Cry of the Royal Blood

to Heaven against the English Parricides "), Milton was

reserving for his own attention at his leisure.

On the 20th of April 1653 there was Cromwell's great

act of armed interference by which he turned out the small

remnant of the Rump Parliament, dismissed their council

of state, and assumed the government of Fngland, Ireland,

and Scotland into his own hands. For .several months,

indeed, he acted only as interim dictator, governing by a

council of his officers, and waiting for the conclusions of

that select body of advisers which he had called together

from all parts of the country, and which the Royalists

nicknamed "The Barebones Parliament." In December

1653, however, his formal sovereignty began under the

name of the Protectorate, passing gradually into more than

kingship. This change from government by the Rump
and its council to government by a single military Lord

Protector and his council was regarded by many as treason

to the republican cause, and divided those who had hitherto

been the united Commonwealth's men into the " Pure Re-

publicans," represented by such men as Bradshaw and Vane,

and the " Oliverians," adhering to the Protector, Milton,

whose boundless admiration of Cromwell had shown itself

already in his Irish tract of 1649 and in his recent sonnet,

was recognized as one of the Oliverians. He remained in

Oliver's service and was his Latin secretary through the

whole of the Protectorate. For a while, indeed, his Latin

letters to foreign states in Cromwell's name were but few,

—

Mr Thurloe, as general secretarj', officiating as Oliver's

right-hand man in everything, with a Mr Philip Meadows
under him, at a salary of £200 a year, as deputy for the

blind Mr Milton in foreign correspondence and translations.

The reason for this temporary exemption of Milton from

routine duty may have been that he was then engaged on

an answer, by commission from the late Government, to

the already-mentioned pamphlet from the Hague entitled

Pegii Sanguinis Clamor. Sabnasius was now dead, and

the Commonwealth was too stable to suffer from such

attacks ; but no Royalist pamphlet had appeared so able

or so venomous as this in continuation of the Salmasian

controversy. AH the rather because it was in the main a

libel on Milton himself did a reply from his pen seem

necessary. It came out in May 1654, with the title

Joannis Miltoni Angli pro Popul6 Anglicano Defendo

Secunda (" Second Defence of John Milton, Englishman,

for the People of England "). It is one of the most inter-

esting of aU Milton's writings. The author of the libel to

which* it replied was Dr Peter du Moulin the younger, a

naturalized French Presbyterian minister, then moving

about in English society, close to Milton ; but, as that was

a profound secret, and the work was universally attributed

on the Continent to an Alexander Morus, a French

minister of Scottish descent, then of much oratorical

celebrity in Holland,—who had certainly managed the

printing in consultation with the now deceased Salmasius,

and had contributed some portion ot the matter,—Milton

had made this Morus the responsible person and the one

object of his castigations. They were frightful enough.

If Sabnasius had been slaughtered in the former Befensio,

Morus was liiurdered and gashed in this. His moral

character was blasted by exposure of his antecedents, and

he. was blazoned abroad in Europe as a detected clerical

blackguard. The terrific castigation of Morus, however,

is but part of the Befensio Secunda. It contains passages

of singular autobiographical and historical value, and

includes laudatory sketches of such eminent Common-

wealth's men as Bradshaw, Fairfax, Fleetwood, Lambert,

and Overton, together with a long panegyric on Cromwell

himself and his career, which remains to this day uuap-

proached for elaboration and grandeur by any estimate of

Cromwell from any later pen. From about the date of the

publication of the Defensio Secunda to the beginning of

1655 the only specially literary relics of Milton's life are

his translations of Psabns i.-vui. in different metres, done

in August 1654, his translation of Horace's Ode \. 5, done

probably about the same time, and two of his Latin

Familiar Epistles. The most active time of his secretary-

ship for OUver was from April 1655 onwards. In that

month, in the course of a general revision of official salaries

under the Protector.ate, Milton's salary of £288 a year

hitherto was reduced to £200 a year, wth a kind of re-

definition of his office, recognizing it, we may say, as a

Latin secretaryship extraordinary. Mr PhilipJUeadows

was to continue to do aU the .ordinary Foreign Office work,

under Thurloe's inspection ; but Milton was to be called

in on spscial occasions. Hardly was the arrangement

made when a signal occasion did occur. In May 165o aU

England was horrified by the news of the massacre of the

Vaudois Protestants by the troops of Emanuele II., duke

of Savoy and prince of Piedmont, in consequence of tbeir

disobedience to an edict requiring them either to leave
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their native valleys or to conform to the Catholic religion.

Cromwell and his council took the matter up with all their

energy ; and the burst of indignant letters on the subject

despatched in that month and tho next to the duko of

Savoy himself, Louis XIV. of France, Cardinal Maz^Ln, the

Swiss cantons, the States-General of the United Provinces,

and the kings of Sweden and Denmark, were all by Milton.

His famous sonnet On the late Massacre in Piedmont was
his more private expression of feeling on the same occasion.

This sonnet was in circulation, and the case of the Vaudois
I*rotestants was still occupying Cromwell, when, in August
1655, there appeared the last of Milton's great Latin

pamphlets. It was his Pro Se Defensio, in answer to an
elaborate self-defence which Morus had put forth on the

Continent since Milton's attack on his character, and it con-

sisted mainly of a re-exposure of that unfortunate clergy-

man. Thence, through the rest of Cromwell's Protectorate,

Milton's life was of comparatively calm tenor. He was in

much better health than usual, bearing his blindness with
courage and cheerfulness ; ho was steadily busy with such
more important despatches to foreign powers as the Pro-

tector, then in the height of his great foreign policy, and
regarded with fear and deference by all European monarchs
and states from Gibraltar to the Baltic, chose to confide to

him ; and his house in Petty France seems to have been,

more than at any previous time since the beginning of his

blindness, a meeting-place for friends and visitors, and a
scene of pleasant hospitalities. The four sonnets now
numbered .\ix.-sxii., one of them to young Mr Lawrence,
the son of the president of Cromwell's council, and two of

the others to Cj-riack Skinner, belong to this time of domestic
r.uiet, as do also no fewer than ten of his Latin Familiar
Epistles. His second marriage belongs to the same year.';,

and gleams even yet as the too brief consummation of this

happiest time in the blind man's life. The name of his

second wife was Katharine Woodcock. He married her
on the 12th of November 1656; but, after only fifteen

months, he was again a widower, by her death in childbirth

in February 1657-58. The child dying with her, only the
three daughters by the first marriage remained. The
touching sonnet which closes the series of Milton's Sonmets
is his sacred tribute to the memory on his second marriage
and to the virtues of the wife he had so soon lost. Even
after that loss we find him still busy for Cromwell. Mr
Meadows having been sent ofE on diplomatic missions,
Andrew ;Marvell had, in September 1657, been brought in,

much to Milton's satisfaction, as his assistant or colleague
in the Latin secretaryship; but this had by no means
relieved him from duty. Some of his greatest despatches
for CromweU, including letters, of the highest importance,
to Louis XIV., Mazarin, and Charles Gustavus of Sweden,
belong to the year 1658.

One would like to know precisely in what personal
relations Milton and CromweU stood to each other. There
is, unfortunately, no direct record to show what Cromwell
thought of Milton ; but there is ample record of what
Milton thought of Cromwell. "Our chief of men," ho
had called Cromwell in his sonnet of May 1652 ; and the

opinion remained unchanged. He thought Cromwell the

greatest and best man of his generation, or of many
generations; and he regarded Cromwell's assumption of

the supreme power, and his retention of that power with a
sovereign title, as no real suppression of the republic, but

as absolutely necessary for the preservation of the republic,

and for the safeguard of the British Islands against a

return of the Stuarts. Nevertheless, under this prodigious

admiration of Cromwell, there were political doubts and
reserves. Milton was so much of a modern radical of tho

extreme school in his own political views and sympathies

that he cannot but have been vexed by tho growing con-

servatism of Cromwell's policy through hi.-i Protectorate. To
his grand panegyric on Oliver in the De/ensio Secunda of

1654 he had ventured to append cautions against self-will,

over-legislation, and over-policing ; and he cannot have
thought that Oliver had been immaculate in these respects

through the four subsequent years. The attempt to revive

an aristocracy and a House of Lords, on which Cromwell
was latterly bent, cannot have been to Milton's taste.

Above all, Milton dissented in toio from Cromwell's church,

policy. It was Milton's fixed idea, almost his deepest

idea, that there should be no such thing as an Established

Church, or state-paid clergy, of any sort or denomination or

mixture of denominations, in any nation, and that, as it

had been the connexion between church and state, begun
by Constantino, that had vitiated Christianity in the world,

and kept it vitiated, so Christianity would never flourish as

it ought till there had been universal disestablishment and
disendowment of the clergy, and the propagation of the

gospel were left to the zeal of voluntary pastors, self-sup-

ported, or supported modestly by their flocks. He had at

one time looked to Cromwell as the likeliest man to carrj*

this great revolution in England. But CromweU, after

much meditation on the subject in 1652 and 1653, had
come to the opposite conclusion. The conservation of the

Established Church of England, in the form of a broad
union of aU evangeUcal denominations of Christians, whetlier

Presbyterians, or Independents, or Baptists, or moderate
Old Anglicans, that would accept state-pay with state-

control, had been the fundamental notion of his Protec-

torate, persevered in to the end. This must have been
Jlilton's deepest disappointment with the OUverian rule.

Cromwell's death on the 3d of September 1658 left the

Protectorship to his son Richard. Milton and Marvell
continued in their posts, and a number of the Foreign Office

letters of the new Protectorate were of Milton's composition.

Thinking the time fit, he also put forth, in October 1658, a
new edition of his Defensio Prima, and, early in 1659, a

new EngUsh pamphlet, entitled Treatise of Civil Power in

Ecclesiastical Causes, ventilating those notions of his as to

the separation of church and state which he had been
obliged of late to keep to himself. To Richard's

Protectorate also belongs one of Milton's Latin Familiar
Epistles. Meanwhile, though aU had seemed quiet round
Richard at fia-st, the jealousies of the army officers left about
him by Oliver, and the conflict of poUtical elements let

loose by Oliver's death, were preparing his downfaU. In

May 1659 Richard's Protectorate was at an end. The
country had returned with pleasure to what was caUed
" the good old cause " of pure republicanism ; and the

government was in the hands of " the Restored Rump,"
consisting of the reassembled remains of that Rump Parlia-

ment Tvhich CromweU had dissolved in 1653. To this

change, as inevitable in the circumstances, or even promis-

ing, Milton adjusted himself. The last of his known
ofiicial performances in his Latin secretaryship are two
letters in the name of William Lenthall, as the speaker of

the restored Rump, one to the king of Sweden and one to

the king of Denmark, both dated May 15, 1659. Under
the restored Rump, if ever, he seemed to have a chance for

his notion of church-disestablishment ; and, accordingly, in

August 1659, he put forth, with a prefatory address to that
body, a large pamphlet entitled -Considerations toucJiing

the likeliest means to remove Hirelings out of tlvc Church.
The restored Rump had no time to attend to such matters.

They were in struggle for their own existence with the

army chiefs ; and the British Islands were in that state

of hopeless confusion and anarchy which, after passing
through a brief phase of attempted military government
(October to December 1659), and a second revival of the
purely repubUcan or Rump government (December 1659 to
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February 1659-60), issued in Monk's march from Scotland,
assumption of the dictatorship in London, and recall of all

the survivors of the original Long Parliament to enlarge the
Rump to due dimensions and assist him in further delibera-

tions. Through all this anarchy the Royalist elements had
been mustering themselves, and the drift to the restoration

of the Stuart dynasty, as the only possible or feasible con-
clusion, had become apparent. To prevent that issue, to

argue against it and fight against it to the last, was the

work to which Milton had then set himself. His dis-

establishment notion and all his other notions had been
thrown aside ; the preservation of the republic in any form,

and by any compromise of differences within itself, had
become his one thought, and the study of practical means
to this end his most anxious occupation. In a Letter w a
Friend concerning the Ruptures of the Commonwealth,
written in October 1C59, he had propounded a scheme of

a kind of dual government for reconciling the army chiefs

with the Rump ; through the following winter, marked only

by two of his Latin Familiar Epistles, hLs anxiety over the

signs of the growing enthusiasm throughout the country

for the recall of Charles II. had risen to a kind of agony

;

and early in March 1659-60 his agony found vent in a

pamphlet of the most passionate vehemence entitled Tlie

Ready and Easy Way to Establish a Free Commonwealth,

and the Excellence thereof compared tuith the Inconveniences

and Dangers of readmitting Kingship in this Nation. An
abridgment of the practical substance of this pamphlet was
addressed by him to General Monk in a letter entitled The
Present Means and Brief Delineation of a Free Common-
wealth. Milton's proposal was that the central governing

apparatus of the British Islands for the future should con-

sist of one indissoluble Grand Council or parliament, which
should include all the political chiefs, while there should

be a large number of provincial councils or assesiblies sitting

in the great towns for the management of local and county

aSairs. The scheme, so far as the public attended to it at all,

was received with laughter; the Royalist demonstrations were

now fervid and timiultuous; and it remained only for the new
and full parliament of two Houses which had been sum-
moned under Monk's avispices, and which is now known as

the Convention Parliament, to give effect to Monk's secret

determination and the universal popular desire. Not even

then would Milton be silent. In Brief Azotes on a late

Sermon, published in April 1660, in reply to a Royalist dis-

course by a Dr Griffith, he made another protest against

the recall of the Stuarts, even hinting that it would be

better that Monk should become king himself ; and in the

same month he sent forth a second edition of his Ready
and Easy Way, more frantically earnest than even the

first, and containing additional passages of the most violent

denunciation of the royal family, and of prophecy of the

degradation and disaster they would bring back with them.

This was the dying effort. On the 25th of April the Con-

vention Parliament met ; on the 1st of May they resolved

unanimously that the goverrmient by King, lords, and Com-
mons should be restored ; and on the 29th of May Charles

IL made his triumphal entry into London. "The chief

republicans had by that time scattered themselves, and

Milton was in hiding in an obscure part of the city.

How Milton escaped the scaffold at the Restoration is a

mystery now, and was a mystery at the time. Actually,

in the terrible com-se through the two Houses of the Con-

vention Parliament of that Bill of Indemnity by which

the fates of the surviving regicides and of so many

others of the chief republican culprits were determined,

Milton was named for sjiccial punishment. It was voted

by the Commons that he should be- taken into custody by

the sergeant-at-arms, for prosecution by the attorney-

general on «count of his EikonoLlastes and Defensio
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Prima, and that all copies of those books should be called
in and burnt by the hangman. There was, however, somu
powerful combination of friendly influences in his, favour
with Monk probably abetting. At all events, on the 29th
of August 1660, when the Indemnity Bill did come out
complete, with the king's assent, granting full pardon to
all for their past offences, with the exception of about a
hundred persons named in the bill itself for various degrees
of punishment, thirty-four of them for death and twenty-
six for the highest penalty short of death, Milton did not
appear as one of the exceptions on any ground or' in any
of the grades. From that moment, therefore, he could
emerge from his hiding, and go about as a free man. Not
that he was yet absolutely safe. During the next two
or three months London was in excitement over the
trials of such of the excepted regicides and others as had
not succeeded in escaping abroad, and the hangings and
quarterings of ten of them; there were several public
burnings by the hangman at the same time of Milton's
condemned pamphlets ; and the appearance of the blind
man himself in the streets, though he was legally free
would have caused him to be mobbed and assaulted. Nay|
notwithstanding the Indemnity Bill, he was in some legal
danger to as late as December 1660. Though the special
prosecuti6n ordered against him by the Commons had been
quashed by the subsequent Indemnity Bill, the sergeant-at-
arms had taken him into custody. Entries in the Com-
mons journals of December 17 and 19 show that Milton
complained of the sergeant-at-arms for demanding exorbi-
tant fees for his release, and that the House arranged the
matter.

Milton did not return to i'etty France. For the first

months after he was free he lived as closely as possible in

a house near what is now Red Lion Square, Holborn.
Thence he removed, apparently early in 1661, to a house
in Jewin Street, in his old Aldersgate-Street and Barbican
neighbourhood.

In Jewin Street Jlilton remained for two or three years,

or from 1661 to 1664. They were the time of his deepest

degradation, that time of which he speaks when he tells

us how, by the Divine help, he had been ?.b!e to persevere

imdauntedly

—

" though falleu on evil days,
On evil days though fallen, and evil tonc'ics,

In darkness, and with dangers ccmp?,sscd round,
And solitude."

The "evil days" were those of the Restoration in it.-!

first or Clarendoniau stage, with its revenges and reactions,

its return to high Episcopacy and suppression of every

form of dissent and sectarianism, its new and shameless

royal court, its open proclamation and practice of anti-

Puritanism in morals and in literature no less than in

politics. For the main part of this world of the Restora-

tion Milton was now nothing more than an infamous-

outcast, the detestable blind republican and regicide who
had, by too great clemency, been left unhanged. The
friends that adhered to him stUl, and came to see him in

Jewin Street, were few in niunber, and chiefly from the

ranks of those nonconforming denominations. Independ-

ents, Baptists, or Quakers, who were themselves under

similar obloquy. Besides his two nephews, the faithful

Andrew MarveU, Cyriack Skinner, and some others of hin

former admirers, English or foreign, we hear chiefly of a

Dr Nathan Paget, who was a physician in the Jewin-

Street neighbourhood, and of several young men who would

drop in upon him by turns, partly to act as his amanuenses^,

and partly for the benefit of lessons from him,—one of them

an intrcresting Quaker youth, named Thomas EUwood
With all this genuine attachment to him of a select few,

Milton could truly enough describe his condition afte)
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the Restoration as one of "solitude." Nor was ttis the

worst. His three deughters, on whom he ought now to

have been able princiji illy to depend, were his most serious

domestic trouble. The poor motherless girls, the eldest in

Iier seventeenth year in 1662, the second in her fifteenth,

and the youngest in her eleventh, had grown up, in their

father's blindness and too great self-absorption, ill-looked-

after and but poorly educated ; and the result now
appeared. They " made nothing of neglecting him " ; they

rebelled against the drudgery of reading to him or other-

wise attending on him ; they " did combine together and
counsel his maid-servant to cheat him in her marketings "

;

they actually "had made away some of his books, and
would have sold the rest." It was to remedy this horrible

state of things that Milton consented to a third mar-

riage. The wife found for him was Elizabeth Mmshull,
of a good Cheshire family, and a relative of Dr Paget's.

They were married on the 24th of February 1662-63, the

wife being then only in her twenty-fifth j'ear, while Milton

was in his fifty-fifth. She proved an excellent wife , and
the Jewin Street household, though the daughters remained

in it, must have been under better management from the

time of her entry into it. From that date Milton's circum-

stances must have been more comfortable, and his thoughts

about himself less abject, than they had been through the

two preceding years, though his feeling in the main must
have been still that of his own Samson :

—

" Now blind, disheartened, shamed, dishonoured, quelled.
To what can I bo useful ? wherein serve

My nation, and the work from heaven imposed?
But to sit idle on the household hearth,

A burdenous drone, to visitants a gaze.

Or pitied object."

That might be the appearance, but it was not the reality.

All the while of his seeming degradation he had found
Bome solace in renewed industry of various kinds among
his books and tasks of scholarsliip, and all the while, more
particularly, he had been building up his Paradise Lost.

He had begun the poem in earnest, we are told, in his

house in Petty France, in the last year of Cromwell's
Protectorate, and then not in the dramatic form contem-
plated eighteen years before, but deliberately in the epic

form. He had made but little way when there came the

interruption of the anaj-chy preceding the Restoration and
of the Restoration itself ; but the work had been resumed
in Jewin Street and prosecuted there steadily, by dictations

of twenty or thirty lines at a time to whatever friendly or

hired amanuensis chanced to be at hand. Considerable
progr'ess had been made in this way before his third

marriage ; and after that the work proceeded apace, his

nephew Edward Phillips, who was then out in the world
on his own account, looking in when he could to revise the
growing manuscript.

It was not in the house in Jewin Street, however, that
Paradise Lost was finished. Not very long after the tliird

marriage, probably in 1664, there was a removal to another
house, with a garden, not far from Jewin Street, but in a
more private portion of the same suburb. This, which
was to be the last of all ^lilton's London residences, was
in the part of the present Bunhill Ro\v which faces the
houses that conceal the London artillery-ground and was
then known as "Artillery Walk, leading to Bunhill Fields."

[Here the poem was certainly finished before July 1065;
for, when, in that month, Milton and his family, to avoid
the Great Plague of London, then beginning its fearful

ravages, went into temporary country-quarters in a cottage

in Chalfont St Giles, Buckingharnshire, about 23 miles

from London, the finished manuscript was taken with
him, in probably more than one copy. This we learn

from his young Quaker friend, Thomas Elhvood, who had
taken the cottage for him, and who was shown one of the

manuscript copies, and allowed to take it away with him
for perusal, during Milton's stay at Chalfont. AVhy the

poem was not published immediately after his return to his

Bunhill house in London, on tho cessation of the Great

Plague, does not distinctly appear, but may be explained

partly by the fact that the official licenser hesitated before

granting the necessary imprimatur to a book by a man of

such notorious republican antecedents, and partly by the

paralysis of all business in London by the Great Fire of Sep-

tember 1666. It was not till the 27th of April 1667 that

Milton concluded an agreement with a publisher for the

printing of his epic. By the agreement of that date, still,

extant, Milton sold to Samuel Simmons, printer, of Alders-

gate Street, London, for £5 down, the promise of another£5
after the sale of a first edition of thirteen hundred copies,

and the further promise of two additional sums of £5 each

after the sale of two more editions of the same size respec-

tively, all his copyright and commercial interest in Paradise

Lost for ever. It was as if an author now were to part

with all his rights in a volume for £17, 10s, down, and a

contingency of £52, 10s. more in three equal instalments.

The poem was duly entered by Simmons as ready

for publication in the Stationers' Registers on the 20th of

the following August ; and shortly after that date it was out

in London as a neatly printed smaU quarto, with the title

Paradise Lost : A Poem wntten in Ten Books ; By John
Hilton. The publishing price was 3s., equal to about 10s.

6d. now. It is worth noting as an historical coincidence

that the poem appeared just at the time of the fall and
disgrace of Clarendon.

"The effect of the publication of Paradise Lost 'ipon

Milton's reputation can only be described adequately, as

indeed it was consciously described by himself in metaphor,

by his own words on Samson's feat of triumph over the

Philistines :

—

But he, though blind of sight,

Despised, and thought extinguished quite,

TrVith inward eyes ilhuninated.

His fiery virtue roused
From under ashes into sudden flamt,

And as an evening dragon came,
Assailant on the perched roosts

And nests in order ranged
Of tame villatic fowl, but as an eagle

His cloudless thunder bolted on their heads."

As the poem circulated and found readers, whether in

the first copies sent forth by Simmons, or in subsequent

copies issued between 1667 and 1669, with varied title-

pages, and the latest of them with a prefixed pros
"Argument," the astonishment broke out everywhere.
" This man cuts us all out, and the ancients too " is the

saying attributed to Dryden on tlie occasion ; and it is the

more remarkable because ihe one objection to the pOem
which at first, we are told, " stumbled many " must have
" stumbled " Dryden most oi all. Except in the drama,
rhyme was then thought essential in anything professing

to be a poem ; blank verse was hardly regarded as verse at

all; Dryden especially had been and was the champion of

rhyme, contending for it even in the drama ; and yet here

was an epic not only written in blank verse, but declaring

itself on that account to be "an example set, the first in

English, of ancient Lberty recovered to heroic poem from
the troublesome and modern bondage of riming." That,

notwithstanding this obvious blow struck by the poem at

Dryden's pet literary theory, he should have welcomed the

poem so enthusiastically and proclaimed its merits so

emphatically, says much at once for his critical perception
and for the generosity of his temper. An opinion pro-

claimed by the very chief of the Restoration literature

could not but prevail among the contemporary scholars

;

! and, though execration of the blind and unhanged regicide
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had not ceased among the meaner critics, the funeral vote
was tliat he had nobly redeemed himself. One conse-
quence of his renewed celebrity was that visitors of all

ranks again sought him out for the honour of his society
and conversation. His obscure house iri ArtLUcry Walk,
Bunhill, wo are told, became an attraction now, "much
more than he did desire," for the learned notabilities of

his time.

The year 1669, when the first edition of Paradise Lost
had been completely sold out, and Milton had received his

second £5 on account of it, may be taken as the time of

the perfect recognition of his pre-eminence among the

English poets of his generation. He was then sixty years

of age ; and it is to about that year that the accounts that

have come down to us of his personal appearance and
habits in his later life principaUy refer. They describe

^im as to be seen every other day led about in the streets

in the vicinity of his Bunhill residence, a slender figure, of

middle stature or a little less, generally dressed in a grey

cloak or overcoat,- and wearing sometimes a small silver-

hilted sword, evidently in feeble health, but still look-

ing younger than he was, with his lightish hair, and his

fair, rather than aged or pale, complexion. He would sit

in his garden at the door of his house, in warm weather,

in the same kind of grey overcoat, " and so, as weE as in

his room, received the visits of people of distinguished

parts, as weU as quality." Within doors he was usually

dressed in neat black. He was a very early riser, and
very regular in the distribution of his day, spending the

first part, to his midday dinner, always in his own room,

amid his books, with an amanuensis to read for him and

write to his dictation. Music was always a chief part

of his afternoon and evening relaxation, whether when he

was by himself or when friends were with him. His

manner with friends and visitors was extremely courteous

and affable, with just a shade of stateliness. In free con-

versation, either at the midday dinner, when a friend or

two happened, by rare accident, to be present, or more

habitually in the evening and at the light supper which

concluded it, he was the life and soul of the company,

from his "flow of subject" and his "unaffected cheerful-

ness and civility," though with a marked tendency to the

satirical and sarcastic in his criticisms of men and things.

This tendency to the sarcastic was connected by some of

those who observed it with a peculiarity of his voice or

pronunciation. " He pronounced the letter r very hard,"

Aubrey tells us, adding Dryden's note on the subject

:

" litera canina, the dog-letter, a certain sign of a satirical

wit." He was extremely temperate in the use of wine or

any strong liquors, at meals and at all other times ; and

when supper was over, about nine o'clock, " he smoked his

pipe and drank a glass of water, and went to bed." He
suffered much from gout, the effects of which had become

apparent in a stiffening of his hands and finger-joints, and

the recurring attacks of which in its acute form were very

painful . His favourite poets among the Greeks were

Homer and the Tragedians, especially Euripides; among

the Latins, Virgil and Ovid ; among the English, Spenser

and Shakespeare. Among his English contemporaries, he

thought most highly of Cowley. He had ceased to attend

any church, l;)elonged to no religious coinmunion, and had

no religious observances in his family. His reasons for

this were a matter for curious lurmise among his- friends,

because of the profoundly religious character of his own

mind; but he does not seem ever to have furnished the

explanation. The matter became of less interest perhaps

after 1669, when his tliree daughters ceased to reside with

him, having been sent out, at considerable expense, "to

learn some curious and ingenious sorts of manufacture that

are proper for women to learn, particularly embroideries
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m gold or silver." After that the household in Bunhill
consisted only of Milton, his wife, a single maid-servant,
and the "man" or amanuensis who came in for the day.

The remaining years of Milton's life, extending through
that part of the reign of Charles U. which figures in
English history under the name of " The Cabal Administra-
tion," were by no means unproductive. In 1669 he pub-
lished, under the title of Accedence Commenced Grammar, a
small English compendium of Latin grammar that had
been lying among his papers. In 1670 there appeared, in
a rather handsome form, and with a prefixed portrait of
him by Faithorne, done from the hfe, and the Ijest and
most authentic that now exists, his History of Britain to
the Norman Conquest, being all that he had been able to
accomplish of his intended complete history of England.
In 1671 there followed his Paradise Regained and Samson
Agonistes, bound together in one small volume, and giving
ample proof that his poetic genius had not exhausted itself

in the preceding great epic. His only publication in 1672
was a Latin digest of Eamist logic, entitled Artis Logicx
Plenior Jnstitutio, of no great value, and doubtless from
an old" manuscript of his earlier days. In 1673, at a
moment when the growing political discontent with the
government of Charles II. and the conduct of his court

had burst forth in the special form of a "No-Popery"
agitation and outcry, Milton ventured on the dangerous
experiment of one more political pamphlet, in which, under
the title Of True Religion, Heresy, Schism, Toleration, and
what best meaiis may be used against the growth of Popery,

he put forth, with a view to popular acceptance, as mild

a version as possible of his former principles on the topics

discussed. In the same year appeared the second edition

of his Minor Poems. Thus we reach the year 1674, the

last of Milton's life. One incident, of that year was the

publication of the second edition of Paradise Lost, with

the poem rearranged as now into twelve book^ instead of

the original ten. Another was the publication of a small

volume containing his Latin Epistolx Familiares, together

with the ProlusioTies Oratorise of his student-days at

Cambridge,—these last thrown in as a substitute for his

Latin state letters in his secretaryship for the Common-
wealth and the Protectorate, the printing of which was

stopped by order from the Foreign Office. A third publica-

tion of the same year, and probably the very last thing dic-

tated by Milton, was a translation of a Latin document from

Poland relating to the recent election of the heroic John

Sobieski to the throne of that kingdom, with the title A
Declaration or Letters Patents of the Election of this present

King qf Poland, John the Third. It seems to have been

out in London ia August or September 1674. On the 8th

of the following November, being a Sunday, Milton died,

in his house in Bunhill, of " gout struck in," or gout-fever,

at the age of sixty-five years and eleven months. He was

buried, the next Thursday, in the church of St Giles,

Cripplegate, beside his father, a considerable concourse

attending the funeral.

- Before the Restoration, Milton, wLat with his inheritance from

his father, what with the official income of his Latin secretaryship,

must have been a man of very good means indeed. Since i^ieo,

however, various heavy losses, and the cessation of all official income,

had greatly reduced his estate, so that he left but £900 (worth about

or over £2700 now), besides furniture and household goods. By

a word-of-mouth will, made in presence of his brother Christopher,

he had bequeathed the whole to his widow, on the ground that he

had done enough already for his " undutiful " daughters, and that

there remained for them his interest in their mother's marriage

portion of £1000, which had never been paid, but which their

relatives, the Powefls of Forest Hill, were legally bound for, and

were now in circumstances to make good The daughters, with

the Powells probably abetting them, went to law with the widow

to upset the will ; and the decision of the court was that they

should receive £100 each. With the £600 thus left, the widow,

after some further stay in London, retired to Nantwich in her
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native Cheshire. There, respected ns a pions member of a local
Baptist coneregation, she lived till 1727, having survived her hus-
band fifty-three years. By that time all the three daughters were
also dead. The eldest, Ann Milton, who was somewhat deformed
had died not long after her father, having married "a master-
builder," but loft no issue ; the second, Mary Milton, had died
unmarried, before 1694 ; and only the third, Deborah, survived as
long as her step-mother. Having gone to Ireland, as companion
to a lady, shortly before her fathers death, she had married an
Abraham Clarke, a silk-weaver in Dublin, with whom she returned
to London about 113S4, when they settled in the silk-weaving
business in Snitalfiolds, rather sinking than rising in the world
though lattcrlv soma public attention was paid to Deborah, by
Addison and others, on her father's account. One of her sons Caleb
Clarke, had gone out te Madras in 1703, and had died there as
"parish-clerk of Fort George" in 1719, leaving children, of whom
there are some faint traces to as late as 1727, the year of Deborah's
death. Except for tho-possibility of further and untraced descent
from this Indian grandson of Milton, the direct descent from him
came to an end in his grnnddaugliter, Elizabeth Clarke, another
of Deborah's children. Having married a Thomas Foster a
Spitalfields weaver, but afterwards set up a small chandler's shop
first in HoUonay and then in Shoreditch, sho died at Islington in
1764, not long after she and her husband had received the proceeds
of a performance of Connts got up by Dr Johnson for her. benefit.
All her children had predeceased her, leaving no issue.—Milton's
brother Christopher, who had always been on the opposite side in
politics, rose to the questionable honour of a judgeship and knight-
hood in the latter part of the reign of James II. He had then
become a Roman Catholic,—which religion he professed till his
death in retirement at Ipswich in 1692. Descendants from him
are traceable a good way into the 18th century.—Milton's two
nephews and pupils, Edward and John Phillips, both of them known
as busy and clever hack-authors before their uncle's death, continued
the career of hack authorship, most industriously and variously
though not very prosperously, through the rest of their lives, Edward
in a more reputable manner than John, and with more of enduring
allegiance to the memory of his uncle. Edward died about 1695 •

John was alive till 1706. Their lialf-sister, Ann Agar, the only
daughter of Milton's sister by her second husband, had raariiedm 1673, a David Moore, of Sayea House, Chertsey ; and it has so
happened that the most flourishing of all the lines of descent from
the poet s father is in this Agar-Moore branch of the Miltons
Of masses of manuscript that had been left by Milton, some portions

saw the light posthumously. Prevented, in the last year of his
life, as has been mentioned, from publishing his Latin Slate Letters
in the same volume with his Latin Familiar Epistles, he had com-
mitted the charge of the State Letters, prepared for the press, together
with the completed manuscript of his Latin Treatise of Christian
noelrme, to a young Cambridge scholar, Daniel Skinner, who had
been among the last of his amanuenses, and had, in fact, been
employed by him specially in copying out and arranging those two
important MSS. Negotiations were on foot, after Milton's death
between this Daniel Skinner and the Amsterdam printer, Daniel
Ekevir, for the publication of both MSB., when the English Govern-
ment interfered, and the MSS. were sent back by Elzevir and
thrown aside, as dangerous rubbish, in a cupboard in the State
Paper Office Meanwhile, in 1676, a London bookseller, named
.-,,' 7, ,

,
s°™«'"'w got into his possession a less perfect, but

stiU tolerably complete, copy of the State Letters, had brought
out a surreptitious edition of them, under the title Literm Pscudo-
benatus Anglicam, neenon Cromwelli, nomine et jiissu conseriptseHo other posthumous publication of Milton's appeared till 1681'
when another bookseller put forth a slight tract entitled MrJohn Milton s Charaeter of the Long Parliament and Assembly of
Diyincs, consisting of a page or two, of rather dubious authen-
ticity said to have been withheld from his ffistory of Britain in
the edition of 1670 In 1682 appeared A Brief History of Moseovia
and. of other less-hiown Countries lying eastward of Jlussia as
far as Cathay, undoubtedly Milton's, and a specimen of those
prose compilations with which ho sometimes occupied his leisure
Of the fate of his collections for a new Latin Dictionary, which had
swelled to three folio volumes of MS., all that is known is that
after having been used by Edward Phillips for some of his pedagogic
books, they came into the hands of 'a committee of CambnilKo
scholars, and were used for that Latin dictionary of 1693, called The
Cambridge Dictionary, on which Ainsworth's Dictionary Arai all
subsequent Latin dictionaries of English manufacture have been
based. In 1698 there was published in three folio volumes under
the editorship of John Toland, the first collective edition of Milton's
prose works, professing to have been printed at Amsterdam, tliouch
really printed in London. A very interesting folio volume pub-
lished m 1743 by "John Nickolls, junior,'^ under the title of
Original Letters and Pavers of State addressed to Oliver Cromwell,
consists of a number of intimate Cromwellian documents that had
somehow come into Milton's possession immediately after Cromwell's
death, and were left by him confidentially to the Quaker EUwood.

Finally, a chance search in tho London State Paper Office in 182Shaving discovered the long-lost parcel containing the MSS of Mil-ton s Latin State Letters and his Latin Treatise of Christian DoclHne
as tfiese had been sent back from Amsterdam a hundred and fiftv
years before the Treatise mi Christian Doctrine was, by the command
of Oeorge IV., edited and published in 1825 by the Rev C KSumner, keeper of the Royal Library, and afterwards biihop of
Winchester, under the title o( Joannis Mlltoni Angli De Doclrina
Christiana Libri Duo Posthumi. An English translation, by the
editor, was published in the same year.

Information, rather than criticism, has scemea proper in suchan article as the present. What little of closing remark is necessary
will best connect itself with the obvious fact of the division ofMiltou 3 hterary life mto three almost mechanically distinct periods
VIZ. :—(1) the time of his youth and minor poems, (2) his middletwenty years of prose nolemics. and f31 the time of his later Museand greater poems.

'?!'' l^jlfon died in 1640, when he was in his thirty-secona yearand had his literary remains been then coUected, ho would hav^been remembered as one of the best Latinists of his generation andone of the most exquisite of minor English poets. In the latter
character, moro particularly, he would have taken his place as one
of that interesting group or series of English poets, coming in the
next forty years alter Spenser, who, because they aU acknowledged
a filial relationship to Spenser, may bo called collectively The
Spensenans. In this group or series, counting in it such other true
poets of the reigns of James I and Charles I. as Phineas and Giles
iletcher, William Biowue, andDrummond of Hawthomden, Milton
would have been entitled, by the smaU coUection of pieces he had
left and which would have included his Ode on the Nativity hisL Allegro and II Petiseroso, liis Comus, and his Lycidas, to recogni-
tion as indubitably the very highest and finest. There was in Eim
tnat peculiar Spenserian something which might be regarded as the
poetic faculty in its essence, with a closeness and perfection of verbal
finish not to bo found in the other Spenserians, or even in the
master himself. A very discerning critic might have gone deeper
as we can now Few as the pieces were, and owning disciplesliip
to Spenser as the author did, he was a Spenserian with a differ-
ence belonging to his own constitution, -which prophesied, and
indeed already exhibited, the passage of English poetry out of
*«. Spenserian into a kind that might be called the Miltonic
Ihis Miltonic something, distinguishing the new poet from other
bpensenans, was more than mere perfection of literary finish. It con-
sisted man avowed consciousness already of the os magna sonitu-
rum, the mouth formed for great utterances," that consciousness
resting on a peculiar substratum of personal character that had
occasioned a new theory of literature. " He who would not be
frustrate of his hope to write well hereafter on laudable things ought
himself to be a true poem " was MUton's own memorable expression
alterwards ofthe principle that had taken possession ofhim from his
earliest days; and this principle of moral manliness as the trae
toundation of high literary effort, of the inextricable identity of all
literary productions in kind, arid their coequality in worth, with
the personality in which they have their origin, might have been
detected, in more or less definite shape, in all or most of the minor
poems. It is a specific form of that general Platonic doctrine of the
invincibility of virtue which runs through his Comns, and which
13 summed up in the Miltonic motto of the closing lines:

' Mortals that would follow me,
Love Vhtue : Btie alone 1b flee.
She can teach ye how to climb
Higher than the spheiy chime

;

Or, If Virtue feeble were,
Heaven itself would stoop to her.

That a youth and early manhood of such poetical promise should
have been succeeded by twenty years of all but iucessant prose
polemics has been a matter of regret with many. Why should
the author of Comus and Lycidas, instead of keeping to the poetic
craft, have employed himself for twenty years in the drudgery and
turmoil of prose pamphleteering on questions of church and state,
with nothing m verse to glitter across the long morass but a slight
Cham of biographical and historical sonnets ? Surely this !s a
most shallow and most unmasculine judgment. Is nothing due to
Milton s own explanation of the reasons that drew him, at the
beginning of the English Revolution, out of his literary projects and
dreamings, into active partisanship with the cause which his reason
tavoured 1 Hear what he says would have been the reproich of hisown conscience to him, evening and morning, it he had abstained
trom such partisanship and persisted in his poetic privacy. " Easeand leisure was given thee for thy retired thoughts out of the sweato other men. Thou hadst the diligence, the parts, the languoge

?v)l A'
'f " vain subject were to bo adorned or beautified; but,

Z^rl^l^T^"^ ^°'' =""* "'" '^'""''^'' ™= t° be pleaded, for whichpu pose tlmt tongue was given thee which thou hast, God listened

Ir .(."ir^ Y 7 7'"* 1""™% "'" ^'='^'°"^ servants, but thou

Ctish In f ^ T^ ' hT l><=,rl«"™"l i^ that which thine own

sV 1 „ f .\ '"r"'
™='^^t'«'<'- Or,.if this should be in too high .-

strain for the ordinary modern apprehension, may not one ask, more
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simply, whether such controyersial work as Hilton did plunge
into, and persevere in for twenty years, was unworthy, after all, of

him or his powers ? Do not hundreds of men, accounted among
the ablest in the world, spend their lives precisely in such work
of controversy on contemporary questions ; and are not some of

the men of noblest reputation in the world's history remembered
for nothing else ? If Burke, whose whole public career consisted

in a succession of speeches and pamphlets, is looked back upon
as one of the greatest men of his century on their account, why
should there be such regret over the fact that Milton, after having
been the author of Coirms and Lycidas, became for a time the prose

orator of his earlier and more tumultuous generation ? The truth is

that it is not his exchange of poetry for prose oratory that is

objected to, so much as the nature of his prose oratory, the side he
took, the opinions he advocated. English scholarship and English

literary criticism have not yet sufficiently recovered from that

inherited sycophancy to the Restoration which has covered with a

cloud the preceding twenty years of the "Great Rebellion," voting

that period of English history to be unrcspectable, and all its

phenomena of Presbyterianism, the Solemn League and Covenant,
Independency, the sects, English republicanism, ic, to be matters

of obsolete jargon, less worthy of attention than a Roman agrarian

law or the names of Horace's mistresses. When this unscholarly

state of temper has passed, there will be less disposition to distin-

guish between Milton as the poet and Milton as the prose writer.

While some may recognize, with the avidity of assent and partisan-

ship, the fact that there are in Milton's prose writings notions of

much value and consequence that have not yet been absorbed into

the English political mind, there will be a general agreement at least

as to the importance of those pamphlets historically. It will be
perceived that he was not only the greatest pamphleteer of his

generation, head and shoulders above the rest, but also that there

13 no life of that time, not even Cromwell's, in which the Iiistory

of the great Revolution in its successive phases, so far as the deep
underlying ideas and speculations were concerned, may bo more
intimately and instructively studied than in Milton's. Then, on
merely literary grounds, what an interest in tliosc proso remains 1

Not only of his Areopagitica, admired now so unreservedly because
its main doctrine has become axiomatic, but of most of his other

pamphlets, even those the doctrine of which is least popular, it may
be said confidently that they answer to his ov/n definition of "a
good book," by containing somehow "the precious life-blood of a
master-spirit." From tho entire series there might be a collection

of specimens, unequalled anywhere else, of tho capabilities of that

older, grander, and more elaborate English prose of which the
Elizabethans and their immediate successors were not ashamed,
though it has fallen into disrepute now in comparison with the
easier and nimbler prose which came in with Dryden. Nor will

readers 'of Milton's pamphlets continue to accept the hackneyed
observation that his genius was destitute of humour. Though his

prevailing mood was the severely earnest, there are pages in his
prose writings, both English and Latin, of tlie most laughable
irony, Teaching sometimes to outrageous farce, and some of them
as worthy of the name of humour as anything in Swift. Here,
however, we touch on what is the worst feature in some of the prose
pamphlets,— their measureless ferocity, their boundless licence in

personal scurrility. With all allowance for the old custom of those

days, when controversy was far more of a life-and-death business
than it is now, as well as for the intrinsic soundness of Milton's

rule of always discerning the man behind the book, it is impossible
for the most tolerant of modern readers to excuse Milton in this

respect to the full extent of his delinquencies.

While it is wrong to regard Milton's middle twenty years of

prose polemics as a degradation of his genius, and while the fairer

contention might be that the youthful poet of Com us and Lycidas
actually promoted himself, and became a more powerful agency in

tho world and a more interesting object in it for ever, by consent-

ing to lay aside his '

' singing robes " and spend a portion of his life

in great prose oratory, who does not exult in the fact that such a

life was rounded off so miraculously at the close by a final stage of

compulsory calm, when the " singing robes" could bo resumed, and
Paradise Lost, Paradise Regained, and Samson Agonistes couXii issue

in succession from the blind man's chamber ? Of these tlirco

poems, and wliat they reveal of Milton, no need here to speak at

length. Paradise Lost is one of the few monumental works of the

world, with nothing in modern epic literature comparable to it

except the great poem of Dante. This is best perceived by thoso

who penetrate beneath the beauties of the merely terrestrial portion

of the story, and who recognize the coherence and the splendour of

that vast symbolic phantasmagory by which, through the wars in

heaven and the subsequent revenge of the expelled archangel, it

paints forth the connexion of tho whole visible universe of human
cognizance and history with the grander, pre-existing, and still

environing world of the eternal and inconceivable. To this great

epic Paradise Regained is a sequel, and ic ought to be read as such.

The legend that Milton preferred the shorter epic to tho larger is

^uite incorrect. All that is authentic on the subject is tho state-

ment by Edward Phillips that, when it was reported to b'lS uncie
that the shorter epic was "generally censured to be much inferior

to tho other," ho "could not hear with patience any such thing."
The best critical judgment now confirms Milton's own, and pro-

nounces Paradise Regained to be not only, within the possibilities

of its briefer theme, a worthy sequel to Paradise Lost, but also one
of the most edifying and artistically perfect poems in any language.

Finally, the poem in which Milton bade farewell to the Muse, and
in which he reverted to tlio dramatic form, proves that to the very
end his right hand had lost none of its power or cunning. Samson
Agonistes is the most powerful drama in our language after the
severe Greek model, and it has the additional intert-st of being oo
contrived that, without strain at any one point, or in any one par-

ticular, of the strictly objective incidents of the Biblical story

which it enshrines, it is yet the poet's own epitaph and his con-

densed autobiography. All in all, now that thoso tlireo great

poems of Milton's later life have drawn permanently into their

company the beautiful and more simple performances of his youth
and early manhood, so that we have .all his English poetry under
view at once, the result has been that this man, who would have
had to be remembered independently as the type of English magna-
nimity and political courage, is laurelled also as the supreme poet

of his nation, with the single exception of Shakespeare.

Much light is thrown upon Milton's mind in his later life, and
even upon the poems of that period, by his posthumous Latin
Treatise of Christian Doctrine. It differs from all his other prose

writings of any importance in being cool, abstract, and didactic.

Professing to bo a system of divinity derived directly from the Bible,

it is really an exposition of Milton's metaphysics and of his reasoned

opinions on all questions of philosophy, ethics, .and politics. The
general effect is to show that, though he is rightly regarded as the

very genius of English Puritanism, its representative poet and
idealist, yet he was not a Puritan of what may be called the first

wave, or that wave of Calvinistic orthodoxy which broke in upon
the absolutism of Charles and Laud, and set the English Revolu-
tion agoing. He belonged distinctly to that larger and more per-

sistent wave of Puritanism which, passing on through Inde-

pendency, included at length an endless variety of sects, many of

them rationalistic and free-thinking in the extreme, till, checked
by the straits of the Restoration, it had to contract its volume for

a while, and to reappear, so far as it could reappear at all, in the

new and mUder guise of what has ever since been known as English

Liberalism. For example, the treatise shows that Milton in his

later life was not an orthodox Trinitarian, but an anti-Trinitarian

of that high Arian order, counting Sir Isaac Newton among its

subsequent English adherents, which denied th» coessentiality or

coequality of Christwith absolute Deity, b>it regarded him as clothed

with a certain derivative divinity of a high and unfathomable kind.

It shows him also to have been Arminian, rather than Calvinistic,

in his views of free will and predestination. It shows him to

have been no Sabbatarian, like the Puritans of the first wave,

but most strenuously anti-Sabbatarian. Indeed one of its doctrines

is that the Decalogue is no longer the standard of human morality,

and that Christian liberty is not to be bounded by its prohibitions

or by any sacerdotal code of ethics founded on these. Hence, in

the treatise, not only a repetition of Milton's views on the mar-
riage subject and of other peculiar tenets of his that had been set

forth in his pamphlets, but some curious and minute novelties of

opinion besides. By far tho most important revelation of tha

treatise, however, consists in the very definite statement it makes
of Milton's metaphysical creed and of tlie connexion of that creed

in his mind with the revealed theology of Christianity. Wliile,

ontologically, he starts from a pure spiritualistic theism, or from
the notion of one infinite and ete>-nal Spirit as the self-subsisting

God and author of all being, cosuiologically his system is that

of a pantlielstic materialism, which conceives all the present uni-

verse, all that we call creation, as consisting of diverse modifications,

inanimate or animate, of one primal matter, which was originally

nothing else than an efflux or emanation from the very substance

of God. Angels and men, no less than the brute world and the

things we call lifeless, are formations from this one original matter,

only in higher degrees and endowed with soul and free will.

Hence any radical distinction between matter and spirit, body and

soul, is, Milton holds, fallacious. The soul of man, he holds, is

not something distinct from the body of man and capable of existing

apart, but is actually bound up with the bodily organism. There-

fore, when the body dies, the soul dies also, and the whole man
ceases to exist. The immortality revealed in Scripture is, therefore,

not a continued existence of the soul in an immaterial conditioa

immediately after death, but a miraculous revival of the whole man,

soul and body together, at the resurrection, after an intermediate

sleep. In such a resurrection, with a final judgment, a reign of

Christ, and a glorification of tho saints in a new heaven and a new-

earth, Milton declares his absolute belief B'>t, indeed, throughout

tlie treatise, with all its diilerences from the orthodox interpreta-

tions of tho Bible, nothing is more remarkable than the profound-

ness of the reverence avowed for the Bible itself The very initiaJ
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principle of the treatise is that, as the Bible is & revelation from
God of tilings that man could not have found out for himself, all

tliat the Bible says on any matter is to be accepted implicitly, in

the plain sense of the words, and without sophistication, howeTer
>trange it mar seem to the natural human reason. Hence, in all

those essentials of Christianity which consist in the doctrines of

the fall of man, atonement by Christ, and restoration and sanctifica-

tion through Christ only, Milton is at one with the great body of

Christians. Altogether, what the treatise makes clear is that, while
Hilton was a most fervid theist and ". genuine Christian, believing in
the Bible, and valuing the Bible over all the other books in the
world, he was at the same time one of the most intrepid of English
thinkers and theologians.

Pot furUier faformntlon reference tofly be made to Masson's Life of ifitioii

and History of lilt Time, 6 vols. (18i9-80), and to Iil3 editions of il\llo^^a Poelical
n'oris (Caznbvldge edition In 3 vols.. 1874, and smaller 3 vol. ed., 1882), as well aa
to Todd's varlomm edition of the Poetical Works, with Life (5th ed., 1852), to
Kelglitley's L-ft, Opinions, and fVrilinfjs of ifilton (1855). to Uittoit ttnd Seine
Zeil. by Alfred Stem (1877-79), and to Mr Maik Pattlson's ilillon In Mr Morley's
series of " English Writers." Collective editions of the prose works since that
of 1698 are—Symmons's (7 vols., 1806); Pickering's, with Life by MItford (8 vols.,

prose and verse together, 1851) ; and St John's, in Bohn's Standard Library (6
vols., 1848-63). This last inclndts a revised edition of Bishop Sumner's transla-
tion of the Treatise of Christian Doctrine, originally pnbllshcd In 1825. (D. MA.)

MILWAUKEE, the largest city in the State of

Wisconsin, United States, is situated on the west shore of

Lake Michigan, 100 miles north of its southern end, 80
miles north of Chicago, and 1000 miles north-'svest of New
York by rail, in 43° 3' N. lat., 87° 56' W. long. (44 min.

W. of Washington). The shore of the lake is 600 feet

above the level of the sea.

i'
The Milwaukee and Menomonee rivers unite in the

centre of the business portion of the city, about half a
mile from their entrance to Lake Michigan, where they are

joined by a third and smaller stream-^the Kinnikmnic.

A bay 6 miles from cape to cape, and 3- miles broad,
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Plan of Milwaukee.

Stretches in front of the city, which commands a fine water
view, the ground rising along the shore 80 feet above the
level of the lake, then gradually sloping westward to the

Milwaukee nver, and again rising on the west and north
io a height of 125 feet. The ground also rises to a com-
manding elevation south of the valley of the Menomonee.
Few cities present so many natural attractions of site,

as indeed its Indian name indicates (" the beautiful noUow
or bay ") ; and art has added to nature. In the residence

parts of the city there are miles of avenues from 70 to 100

feet 'wide, lined on both sides 'with elms and maples, be-

hind which stand handsome houses 'with spacious laivns,

fountains, and evergreens, giving the appearance of a con-

tinuous park. The material used for building La largely

the cream-coloured brick made in the vicinity, from which

Milwaukee is sometimes called the "Cream City." The
climate, tempered by the great lake, is remarkably pleasant

and healthy. The mean temperature, as shown by the

records of twenty years, is 46°'7 Fahr. The coldest

month is January (average 22''37), the hottest July
(70°'4).i During the last nine years the average death-

rate has been but 20 per 1000, sho'wing it to be one of the

healthiest of American cities. Besides a full complement

of the usual religious and charitable institutions, there is

adjoining the city the national home for disabled United

States volunteer soldiers, consisting of several buildings

situated in groimds of 400 acres extent, which serve the

purpose of a city park. There are numerous lodges be-

longing to the freemasons and other guilds ; and the Turners'

societies, which embrace a large membership and own some
valuable buildings, have done much to create and keep up
the practice of athletic exercises among the citizens. Two
excellent musical societies are also established here.

Before the year 1835 Milwaukee was kno'wn only as

an Indian trading-post occupied by a Frenchman named
Solomon Juneau, who is generally spoken of as the founder

of the city. The total inhabitants in 1838 numbered only

700; in 1840 there were 1712; but in 1846 the popula-

tion amounted to 9666, in 1850 to 20.061, in 1855 to

30,118, in 1860 to 45,246, in 1870 to 71,440, and in 1880

to 115,578 (57,475 males, 58,103 females). In lS82 the

population was estimated at 130,000,—more than one

half of them of foreign parentage, a very large majority

being Germans. Notwithstanding the multitude of nation-

alities represented in the population, there are few cities

more orderly and law-abiding, the number of police

employed being less than one for every 1500 inhabitants.

Another feature worthy of mention b die large proportion

of families who O'wn their o-wn houses, and this is true not

only as to the mercantile and professional classes, but

especially as to the labouring population. Although the

grain trade, formerly very large here, has now greatly

diminished, the gro'wth and prosperity of the city have not

materially suffered, owing to the development of manu-
facturing industries, for which the low rents, healthy climate,

and advantageous location make it well adapted. About a

sixth of the population are engaged in the manufacture of

clothing, cigars, cooperage, leather, bricks, sashes, doors, and
blinds, machinery, and flour (of which one million of barrels

are annually made), and in meat-packing. Milwaukee has

become famous for its " lager beer," of which there are one

million of barrels annually produced, valued at |8,000,000.

The lake commerce is very large. The tonnage entered

and cleared in 1880 was 5,322,373 tons, being about as

large as that of Baltimore, Boston, or Philadelphia. The
Wisconsin Central, the Milwaukee and Lake Shore, the

Milwaukee and Northern, and the Chicago, Milwaukee,

and St Paul Railways have their head offices here, and
the last-named, owning 4000 miles of lines, has immense
workshops in the Menomonee valley near the city.

Milwaukee is governed by a mayor and a common
council of thirty-nine aldermen. The streets and public

buildings are under the charge of the board of public works,

^ The monthly averages f«»r twenty years are:—January, 22*'*37;

February, 2D°'13; March, 33°-35; April, 43°-94; May, 63°-76!

June, 64°-39; July, 70° '04; August, 67°-S9 ; September, gi°-68;

October, 48°--18 ; November, 36°'27
: DiecemUer, 25''53.
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composed of three commissioners and the city engineer, all

subject to the common council. A bountiful supply of
water is obtained from the lake, and the streets are well
supplied with sewers. The value of property as assessed for

taxation was $62,000,000 in 1882,—the city debt being
$2,500,000, mostly for the water-works, which are city

property.

There is an efficient system of public schools under a
superintendent and board of school commissioners, the
v^lue of the buildings with their sites being estimated at

$700,000. For the higher education there are a high school,

a normal school, and three commercial colleges, while the

Roman Catholics and Lutherans have several excellent

denominational seminaries and colleges. A public library

belonging to the city contained 20,000 volumes in

1882. (j. J.)

MIMICRY IS tne name given in biology to the advan-
tageous resemblance (usually protective) which one species

of animal or plant often shows to another. The word was
first applied in this metaphorical sense by Mr W. H. Bates,

and it has since been accurately defined and limited, in its

biological application, by Mr A. R. Wallace. Briefly put,

the essence of the phenomenon of mimicry consists in the

following relation. A certain species of plant or animal
possesses some special means of defence from its enemies,

such as a sting, a powerful and disagreeable odour, a
nauseous taste, or a hard integument. Some other species

inhabiting the same district or a part of it, and not itself

provided with the same special means of defence, closely

resembles the first species in all external points of form
and colour, though often very different in structure and
unrelated in the biological order. For example, a South-

American family of butterflies, the Heliconidx, are distin-

guished by their very varied and beautiful colours, and

their slow and weakly~ flight ; they might easily be
captured by insectivorous birds, but their remains are never

found on the ground amongst the rejected wings of other

butterflies which cover the soil in many places. They also

possess a strong pungent odour, which clings to the fingers

for many days ; and this fact led Mr Wallace to suspect

that they have a disagreeable taste, and would not there-

fore be eaten by birds after a single trial. Mr Belt has

since experimentally proved the truth of that belief. But
among the totally distinct family of the Pieridx, most of

which are white, there is a genus of small butterflies,

known as Leptalis, edible by birds, some species of which

are white like their allies, while the greater number exactly

resemble one or other of the Heliconidx in the peculiar

shape and colouring of their wings. As regards structure,

the two families are widely different
;
yet the resemblance

of a species of one family to a species of the other is often

60 close that Mr Bates and ilr Wallace, experienced

entomologists, frequently mistook them for one another at

the time of capture, and only discovered their mistake

upon nearer examination. Mr Bates observed several

species or varieties of Leptalis in the Amazons valley, each

of which more or less exactly copied one of the Heliconidx

in its own district. Accordingly,' they seem to be mistaken

by birds for the imeatable insects they mimic, and so to be

benefited by their resemblance. This, which may perhaps

be regarded as the most typical instance of true mimicry,

is also the first to which the word was applied.

In considering the phenomena under review, it majL do

well to give first the chief observed facts, which are quite

independent of any particular explanation, and then the

theory which has been started to account for them by Mr

Bates and Mr Wallace. Before doing so, however, true

mimicry should be carefully discriminated from one or

two superficially similar modes of resemblance among

organic beings, whose real implications are very different.

It must not be confused with mere accidental or adaptive
resemblance, due either to simple chance or to similarity

of external conditions. As a case of the first sort, we may
adduce the real or fancied resemblance between certain

orchids and flies or spiders ; as a case of the second sort,

we may take certain African Euphorhiacex, which, grooving
in dry deserts, have acquired a very c\cj» likeness to the
cactuses that cover the equally dry deserts of Mexico ; or

again the sub-Antarctic gallinaceous bird, Chionis alba,

which, living on the sea-shore, has acquired a coloration

like that of the gulls, together with the legs of a wader.
These resemblances, however, do iiot as such subserve any
function. The species apparently mimicking and the

species apparently mimicked either do not inhabit the

same district or do not come into any definite relation with
one another. The likeness is either accidental, or else it

is due to similar adaptation to similar circumstances. In
cases of true m imicry, on the other hand, the mimicking
species derives a direct advantage from its likeness to tho

species mimicked ; the resemblance is deceptive ; and this

is equally true whether we suppose the mimicry to be pro-

duced by creative design or by natural selection. On either

hypothesis, however it came by its likeness, the mimicking
species escapes certain enemies or obtains certain sorts of

food by virtue of its resemblance to some other kind.

It should also be added that the word mimicry, as

applied to such cases, is used only in a metaphorical sense.

It is not intended to imply any conscious or voluntary

imitation by one species of the appearance or habits of

another. All that is meant is the fact of an advantageous

resemblance, a delusive similarity, which gives the mimicking
animal or plant some extra protection or some special means
of acquiring food which it would not otherwise have pos-

sessed but for its Kkeness to the creature mimicked.

Taking animals first, mimicry does not occur very

frequently among the higher classes. In the vertebrates it

is comparatively rare, and among mammals probably only

one good case has yet been adduced. This is that of

Cladobatcs, an insectivorous genus of the Malayan region,

many species of which closely resemble squirrels in size, in

colour, and in the bushiness and posture of the tail. It

has been suggested by Mr Wallace (from whom most of

the following examples have been borrowed) that Cladobates

may thus be enabled to approach the insects and small birds

which form its prey under the disguise of the harmless

fruit-eating squirrel. In this case, as in some others, the

resemblance is not protective, but is apparently useful to

the animal in the quest for food

Among birds, Mr Wallace has pomted out that the

general likeness of the cuckoo, a weak and defenceless

group, to the hawks amd gallinaceous tribe makes some

approach to real mimicry. But besides such vague resem-

blances there are one or two very distinct cases of true

mimicry in this class of vertebrates. In Australia and

the Moluccas lives a genus of dull-hued honey-suckers,

Tropidorhynchvs, consisting of large, strong, active birds,

witii powerful claws and sharp beaks. They gather

together in noisy flocks, and are very pugnacioijs, driving

away crows and even hawks. In the same countries lives

a group of orioles, forming the genus Mimeta ; and these,

which are much weaker birds, have not the usual brilliant

colouring of their allies the golden orioles, but are usually

olive-green or brown. In many cases species of Mimeta

closely resemble the Tropidorhynchi inhabiting the same

island. For example, on the island of Bouru are found

the Tropidorhynchiis bowuensis and Mimeta houruensi*,

the latter- of which mimics the former in the particu-

lars thus noted by Mr Wallace :—" The upper and under

surfaces of the two birds are exactly of the same tints of

dark and light brown. Tie Tropidorhynehvs has a largo
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We black patch round the eyes ; this is copied in the
Mimeta by a patch of black feathers. The top of the head
of the Tropidorhynchus has a scaly appearance from the
narrow scale-formed feathers, which are imitated by the
broader feathers of the Mimeta having a dusky line down
each. The Tropidorhynchin has a pale rufiE formed of
curious recurved feathers on the nape (which has given the
whole genus the name of friar-birds) ; this is represented in

the Mimeta by a pale band in the same position. Lastly,

vhe bill of the Tropidorhynchus is raised into a protuberant
keel at the base, and the Mimeta has the same character,

although it is not a common one in the genus. The
result is that on a superficial examination the birds
are identical, although they have important structural

differences, and cannot be placed near each other in any
natural arrangement." Allied species of Tropidorhynchus
in Ceram and Timor are similarly mimicked by the local

Mimeta of each island, Mr Osbert Salvin has likewise

noticed a case of mimicry among the birds of prey near
Rio Janeiro. An insect-eating hawk, Harpagus diodon, is

closely resembled by a bird-eating hawk, Accipiter pileaius.

Here the advantage seems to be that the small birds have
learned not to fear the Harpagui, and the Accipiter is

able to trade upon the resemblance by catching them
unawares, both birds being reddish-brown when seen from
beneath. But the Accipiter has the wider range of the
two ; and where the insect^eating species is not found it

no longer resembles it, but varies in the under wing-coverts

to white. Here again the resemblance, though advantage-

ous, is not protective.

Among reptiles, Mr Wallace has instanced some curious

cases where a venomous tropical American genus of snakes,

El'aps, with brightly-banded colours, is closely mimicked
by several genera of harmless snakes, having no affinity

with it, but Jnhabitmg the same region. Thus the poison-

ous Elapsfvlvus of Guatemala has black bands on a coral-

red ground; the harmless Pliocerus xqualis of the same
district is coloured and banded precisely like it. The
likeness affords the unarmed snakes a great protection,

because other animals probably will not t/nich them, mis-

taking them for the venomous kinds.

It is anong the invertebrates, however, and especially

sunong insects, that cases of mimicry are most frequent and
were first observed. In the order Lepidoptera, besides the

classical instance of Leptalit and the Heliconidse, a genus
of another family, the Erycinidx, also mimics the same
group. The flocks of one species of Itkomia, an uneatable

butterfly, often have flying with them a few individuals of

three other widely different genera, quite indistinguishable

from them when on the wing. In the tropics of the Old
World, the Danaidx and Acrxidx possess a similar protec-

tive odour, and are equally abundant in individuals ; they
are closely mimicked by various species of Papilio and
Diadema. Mr Trimen, in a paper on " Mimetic Analogies
among African Butterflies," gives a list of sixteen species or

varieties of Diadema or its allies, and ten species of Papilio,

each of which mimics a Danais or Acrsea of the same
region in the* minutest particulars of form and colour.

The Danais tytia of India has semi-transparent bluish

wings, and a border of reddish-brown ; this coloration is

exactly reproduced in Papilio agesior and Diadema nama,
all three insects frequently coming together in collections

from DarjUing. In the Malay Archipelago the common
and beautiful Evplsea midamus is so exactly mimicked by
two rare species of Papilio that Mr Wallace generally

mistook the latter at first for the ordinary insect. An
immense number of other instances among the Lepidoptera

have been quoted from other parts of the world.

Occasionally species of Lepidoptera also imitate insects

of other orders. Many of them take on the appearance of

bees or wasps, which are oi course protected by their stings.

Thus the Sesiidx and jEgeriiJx, two families of diurnal

moths, have species so like hymenopterous insects that

they are known by such names as apiformis, vespi/orme,

ichneumoniforme, sphegiforme, and so forth. The British

sesia bombiliformis closely resembles the humble bee ; the

Sphecia crahohiformis is coloured like a hornet, and carries

its wings in the same fashion. Some Indian Lepidoptera

have the hind legs broad and densely hairy, so as exactly

to imitate the brush-legged bees of the same country. Mr
Belt mentions a Nicaraguan moth, Pionia lycoides, which

closely mimics a distasteful coleopterous genus, Calopteron;

and Professor Westwood pointed out that the resemblance

to the beetle is still further increased in the moth by raised

lines of scales running lengthwise down the thorax.

Among the Coleoptera, or beetles, and other orders,

similar disguises are not uncommon. Mr Belt noticed

species of Eemiptera and Coleoptera, as well as spiders, in

Nicaragua, which exactly resemble stinging ants, and
thus no doubt escape the attacks of birds. • The genus

Calopteron is mimicked by other beetles, as well as by the

moth Pionia. In the same country, one of the Eemiptera,

Spiniger luteicomis, has every part coloured Kke'the hornet,

Priocnemis, which it mimics; "in its vibrating coloured

wing-cases it departs greatly from the normal character of

the Eemiptera, and assumes that of the hornets." Mr
Wallace mentions the longicorn beetle, Cyclopeplus batesii,

which " differs totally in outward appearance from every

one of its allies, having taken upon itself the exact shape

and colouring of a globular Corynomalus, a little stinking

beetle, with clubbed antennae." Erythroplatis corallifer,

another longicorn, almost exactly resembles Cephcdodonta

spinipes, one of the common South-American Eispidee,

which possesses a disagreeable secretion ; and Mr Bates

also found a totally different longicorn, Streptolabis

hispoides, which resembles the same insect with equal

ininuteness. Some of the large tropical weevils have the

eljrtra so hard that they cannot be pierced by a bird's

beak ; and these are mimicked by many other comparatively

soft and eatable insects. In southern Brazil, Acanthotritus

dorsalis closely resembles a Curcnlio of the hard genus

Eeiliplus ; and Mr Bates found Gymnocervs cratosornoides,

a longicorn, on the same tree with the hard weevil,

Cratosomus, which it mimics. Other beetles resemble

bees, wasps, and shielded bugs. Hairy caterpillars are

well known to be distastefid to birds, and comparatively

free from attack ; and Mr Belt found a longicorn,

Desmiphora fasciculata, covered with long brown and
black hairs, and exactly mimicking some of the short,

thick, woolly caterpillars common on the bushes around.

Amongst other orders, one of the most interesting cases

is that of certain Diptera or two-winged flies which mimio
wasps and bees. Sometimes this likeness only serves to

protect the insect from attack, by inspiring fear of a sting.

But there are also a number of parasitic flies whose larvce

feed upon the larvse of bees, as in the British genus

Volucella ; and these lexactly mimic the bees, so that they

can enter the nests or hives to deposit their eggs without

being detected even by the bees themselves. In every

country where such flies occur they resemble the native

bees of the district. Similarly, Mr Bates found a species

of Mantis on the Amazons which exactly mimicked the

white ants on which it fed. On the other hand, the

defenceless species itself may mimic its persecutor, as in

the case of several crickets, Scaphura, that exactly resemble

various sand-wasps, and so escape the depredations of

those cricket-killing enemies. Another cricket from the

Philippine Islands, Condylodera tricondyloides, so closely

copies a tiger-beetle, Tricondyla, that even Professor

Westwood long retained it among that group in his cabinet,
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and only slowly discovered' his mistake. The cases here
mentioned form but a small part of all those that have
hitherto been observed and described in the insect world.

They amount altogether to many hundreds.

Among plants, though included in the above definition

for the sake of formal completeness, instances of true

mimicry are rare or almost unknown. Perhaps the nearest

approach to this phenomenon in the vegetal world is found
in the resemblance borne by the dead-nettle, Lamium
album, and a few other labiates, to the stinging nettle,

Urtica dioica arid U. urens. The true nettles are strik-

ingly protected from animal foes by their stinging hairs

;

and the general appearance of the dead-nettle is sufficiently

like them to prevent human beings from plucking it, and
therefore probably to deter herbivorous mammals from

eating it down. Mr Mansel Weale mentions another

labiate, Ajuga ophrydis, of South Africa, which closely

resembles an orchid, and may thus induce insects to

fertilize its flowers. Mr Worthington Smith has found

three rare British fungi, each accompanying common
species which they closely resembled ; and one of the

common species possesses a bitter and nauseous taste ; so

that this would seem to be a case of true mimicry. Many
diverse instances alleged by Mr A. W. Bennett, Dr Cooke,

and others cannot be considered as genuine mimetic resem-

blances in the sense here laid down. They are mere

coincidences or similar adaptations to similar needs ; and
the word ought to be applied strictly to such likenesses

alone as benefit the organism in which they occur by caus-

ing it to be mistaken for another possessing some special

advantage of its own.

The theoretical explanation of mimicry on evolutionary principles

may best be considered in connexicn with the general subject of

protective coloration and variation in forni, of which it is a very
special case. There are two ways in which imitative colouring may
benefit a species. It may help the membevs of the species to escape

the notice of enemies, or it may help them to deceive prey. In the

first case imitative hues enable the animal or plant to avoid being

itself devoured ; in the second case they enable it to devour
others more easily, and so to secure a larger amount of food than

less deceptively coloured compeers. In the former instance we
must suppose that such individuals as did not possess the deceptive

colouring have been discovered and destroyed by enemies with
highly developed sight, while those which possessed it have survived.

In tlie latter instance we must suppose that the individuals which
have no protective colouring have failed to secure sufficient prey,

through too readily betraying their presence, and that only those

which possessed such colouring have become the parents of future

generations. It is difficult, however, to separate these two cases.

End in many instances the same colouring may aid a species both

in escaping its peculiar enemies and in deceiving its peculiar prey.

They may therefore most conveniently be considered together.

Colour is always liable to vary from individual to indiridual, as

we see in the case of domesticated fowls, rabbits, dogs, and other

animals, as well as in most cultivated flowers, wherever natural

selection cannot act to keep the typical specific hues pure and true,

fiut in a wild state certain conspicuous colours are sure to prove

disadvantageous by betraying the individual, and these will sooner

or later get weeded out, under certain circumstances, either through

the action of enemies or by starvation resulting from the, inability

to escape the notice of prey. On the other hand, certain other

colours are sure to benefit the individual by harmonliiog with the

tints of the environment and these will be spared by natural

selection, so that the individuals possessing them will pair with

one another, and will hand down their peculiarities to their de-

scendants. In this way many species will acquire and retain a

coloration that harmonizes with their environment as a whole or

vrith some special part of it. The degree to which the protective

coloration will be carried, however, must depend upon the sharp-

ness of the senses in those other organisms which it is desirable to

deceive. Large dominant herbivorous or frugivorous mammals or

birds, with relatively few enemies, would not be benefited by
protective coloration, and so theyseldom exhibit it. t"he grasses

or fruits on which they feed cannot make any attempt to escape

tbem. But carnivcres generally require to deceive their prey, and

therefore a large number of them exhibit marked deceptive colouring.

Still more especially do small defenceless birds or mammals need

to escape the notice of the carnivores, and they accordingly very

generdlly possess dull colours, because any variation in the direction

of conspicuousness is certain to be promptly cut off. Above all,

among insects, which are so largely the prey of birds, of reptiles^
aud of other animals possessing highly developed vision, protective
coloration in one form or other is almost universal, except where
a nauseous taste, hairy skin, or hard external coverings afford a
different kind of protection. In every case the weeding out of
ill-protected forms must depend upon the ralaUve keenness of visiou
in the various enemies or of the prey, be they mammal?, birds,
reptiles, insects, or spiders. Hence the existence of protective
coloring and of mimicry incidentally affords us valuable hints as
to the perceptive faculties of the various classes against which each
organism is thus unconsciously guarded.
Where the general aspect of the environment is most uniform,

and where little but a vague impression ofcolour without individual
form can be con-eyed, the hues of animals are also usually uniform,
to match their surroundings, and no special imitative adaptationB
of form occur. Thus, among the Arctic snows, a brown or black
animal would immediately be perceived, and if defenceless at once
devoured, while if a carnivore it would seldom or never approach
unperceived near enough to its prey to effect a capture. Hence all
such variations are at once repressed, and almost aU Arctic animals,
like the American polar hare, are pure white. Elsewhere bears are
black or brown; in the polar region the native species is nearly
indistinguishable from the snow in which it lives. Where the
environment undergoes a regular change from season to season the
colour of the fauna varies with it. The Arctic fox, the ermine, the
alpine hare, the ptarmigan and many other birds, are all more or
less brown amoug the brown hill-sides of autumn, and snow-white
among the winter snows. Almost equally general is the. sandy
colour of deserts, though this, instead of being uniform, is slightly
varied from grain to grain ; and nearly all the birds, reptiles, and
insects of Sahara exactly copy the sandy grey hue of the desert
around them. Soles and other fiat-fish (Pleuronectidm) closely
imitate the colour and speckled appearance of the sand on which
they lie. The fishes and crustaceans which inhabit the sargasso
weed are coloured the same yellow as the masses of algse to which
they cUng. Aphides and many small leaf-eating caterpillars are
bright green like the neighbouring foliage.

WTiere the environment is somewhat more di-'erse, the resemblance
begins to show more specialized features. The lion, a large gi-ound-
cat of desert or rocky districts, is uniformly brown ; but the tiger
and other jungle-cats have perpendicular stripes which harmonize
with the bamboos and brown grass of their native haunts ; while
the leopards, jaguars, and other tree-cats have ocellated spot? which
conceal them among the mingled light and shade of the forests.

Large marine animals have the back black, because the water looks
dark when seen from above, but their bellies are white, so as to
harmonize with the colour of the surface when seen from below.
Dr Weismann has shown that most edible unprotected caterpillars
imitate the stripes and shades of the leaves among which they feed.

Those which live upon grasses are longitudinally striped like the
blades, those which live among small leaves are spotted and varied
so as to resemble the distribution of light and shade ia the bushes,
and those which live upon large veined leaves with oblique ribs
have oblique lines to harmonize with them. In some cases even
the unripe berries are represented on the caterpillar by small reddish
spots. A specialized form of this particular protective device is

found in the chameleon, the chameleon-shrimp, many flat-fish, and
some amphibians, all of which can vary their coloration to suit
that of the surface on which thev rest. The action is reflex, and
ceases if the animal is blinded.
Where the environment is very varied, as- in tropical forests, we

find the greatest variety of colouring as well as actual imitation
of particular forms ; and the protective resemblances become at
once closer and more common. Birds, reptiles, spiders, monkeys,
and other active predaceous creatures are constantly hunting for

insects and similar small prey amongst the fallen sticks orleiives;

and among the most powerless classes of insects only those which
very closely resemble specific objects in the environment can easily

escape them. A gradual passage can be traced from the most
general to the most special resemblances under such circumstances.

Many forestine birds have a ground-tone of green in their plumage,
which occurs nowhere but in the tropics. Some tree-lizards are

green like the leaves on which they sit, others are marbled to

resemble the bark where they lie in wait for their prey. Arboreal
snakes often hang like lianas or other creepers. Insects which
cling to the trunks of trees can seldom be distinguished from the

bar£ A Sumatran' butterfly, Kallima paralccta, always settles ou
diy bushes among dead leaves, and can then hardly be perceived

among the brown foliage, which it imitates even in the apparent
blotches and mildew with which its wings are covered. The family

of Phasmidm, including the leaf and stick insects, carries such
forms of imitation very far indeed. Most of them are large, soft,

defenceless creatures ; but some, like Phyllium, closely resemble
green leaves, so as to be almost indistinguishable while feeding

;

and others exactly imitate short broken twigs of bamboo. Mr
Wallace found one such insect, Cer»xyltu laceralus, in Borneo,
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apparently overgrown with a creeping moss or jungennannia ; and
Mr Belt discoyereJ a larval fomi in Nicaragua whose body was
prolonged, into thin green filaments, precisely like the moss in
which it lurked. In otiier instances tlie insect probably uses its
disguise rather to deceive its prey thau to escape its enemies. Sir
Joseph Hooker believes that an Indian Mantis deludes the little
creatures which foim its food by its singular likeness to a leaf;
while Sir Charles Dilke found one which had its head and fangs
moulded into the deceptive appearance of an orchid, so that small
flies were actually attracted in search of lioney into Its very jaws.
Outside the class of insects, similar phenomena sometimes occur.
Thus, according to Mr Bates, many showy little tropical spiders
double themselves up at the base of leafstalks so as to resemble
flower buds, and thus delude the files on which thsy prey. Even
among the vertebrates Mr Belt mentions a green Nicaraguan
lizard looking like the herbage by which it is surrounded, and
decked with leaf-like expansions, which hide its predaceous nature
from passing beetles or butterflies.

These last instances are divided from true mimicry by a very
narrow line. But they differ in the fact that some vague object
only in the general environment is simulated, not a particular pro-
tected species, as in genuine mimetic resemblance. If we albw,
however, that natural selection can produce the white colour of
Arctic animals, and the sandy line of the sole and the flounder, it
13 easy enough to extend the same principle to the leaf-insect and
the stick-insect, or even to real mimicry, as in the case of the
Lej>talis ani the Heliconulse. Certain Phasmidm may at first have
varied in the direction of green coloration, and these would
naturally escape the eyes of birds more readily than their fellows.
After the lapse of many generations, all the Phastnidse of that
special group would have become green, and the birds which preyed
upon them would have learned in many cases to penetrate the
disguise

;
for, as Mr Belt has observed, each fresh deceptive

resemblance in the prey is sure to be followed by increased keenness
of discrimination in the enemies of the species. At this stage the
ordinary green Phasmidm would often be killed, while only those
which happened to approximate rudely in the venation of their
wmgs to leaves would now escape the sharper and more experienced
eyes of the birds. Thus step by step the disguise would become
more and more perfect, only the best-protected of each generation
escaping on the average, while all the worse-protected would be dis-
covered and devoured. Given the usual luxuriance of tropical Ufe, it
IS not difficult to understand how favourable variations mightcontinu-
ally occur until at length we get such perfect deceptions as those
"

-^K '«f
'°s«<=t9. the stick-insects, and the moss-grown larvje.

The phenomena of true mimicry may be explained by a parallel
genesis Suppose, to begin with, a group of large and brilUant
butterflies like the South-American Ediconidm, protected by a
nauseous taste and odour, and therefore never eaten by birds To
such insects slow flight and conspicuous hues are a positive
protection, because they enable birds readily to discriminate them
and therefore prevent attacks, just as the banded body of the wasp
and the hum of the bee prevent us from catching and killing them
upon a window pane Suppose, again, that in the same district
there lives a widely different species of edible butterfly presenting
some very slight and remote resemblance to the protected species!
At first, no doubt, the resemblance will be merely an accidental
one of general hue

; it may even be so slight as to deceive nobody

Sl^';^!'°>. » '^"'V'l'f''°t ""d casual glance. Now, suppose
these edible butterflies to be devoured in large quantities by birds,

^Tf^''J^ f* Tk^Y '"'Pfi™ *" S"'" ^''f^'y ^7 associating withthe flocks of inedible butterflies which the birds refuse. After a

wL'T t 1 ''*^"
"l

'=™«°'-«°g with the protected speciesbecomes fixed in the race, the birds will begin to recognise the edible

rnott^T""?" *f' ^°t'- ^'P^^'^'ly ^"-^h ^ ^^-T '"o^t in the

tirv wi^l ov!r""J- ^"V^^ ^""''''^ ^P™''^- 0° the other hand,

?n!J-n b- ^
"''

f""^ ^ ''"y """^t in the same direction as themedible kind; and thus the least mimetic individuals will be

3„Wm„^
to produce young, most of whom will present the like

peculiarities. Fron. geuemtion to generation the fiirds will go on

Fa°t h! Zl '""^-
K

'°P^' and sparing all the best ones, tfu at

wfL -B»? ff'"'
¥™'n^,t''^°I"tely indistinguishable upon thewing. But the mimicry will never of course afl-ect any Lt themos externa! and noticeable parts of the organism

; it will be to

S'w, \r'T'"" of
r'°"^' ^'"^P^ "f "-S, visible a^p aran!eof legs or antennae, and so forth. The underlying structural

difl'erences w 1 remain as great as ever, though externflly maXdby the deceptive resemblance in form and hue
ima*.eu

In like manner we may explain the genesis of the mimeticresemblance borne by Kolncella to the humble bee. Suppose an

^dfmlf % \" T'r '^'
^'"i

"'''' ' '^°"W be at once^a?tackedand killed. But if it presented some very slight resemblance to
the bee It might manage to lay its eggs undistilrbed, and its larvaewould then bo able to feed quietly upon the larvte of the bee With
each new generation the more flimsy disguises would be more andmore readily detected, and only those flies which varied most in

the direction of resembling the bees would survive or lay thej
eggs in peace. On the other hand, those which actually succeeded
would possess great advantages over their neighbours, because
their larvee would thus obtain a safe and certain supply of food,
and be guaranteed the protection of the bees' nest. In this way
the flies would at last, by constant survival of the best-adapted,
come exactly to imitate the bees amongst which they lived.

The theory of the origin of mimetic forms thus briefly sketched
out is .due to Mr Bates and Mr Wallace, and it explains all the
facts more fully than any other. It shows us, first, why the
mimicking organism always imitates a specially protected species

;

secondly, why the two always inhabit the same district ; tliirdly'
why the mimicking species is always much rarer than the species
mimicked

; fourthly, why the phenomenon is confined to a few
groups only ; and fifthly, why several different mimicking species
often imitate the same protected form." It also accounts for the
absence of mimicry among.st large or dominant animals, and its
comparative commonness amongst small and defenceless kinds.
And by affiliating the whole of the phenomena upon the general
principles of protective colouring it reduces a seemingly strange
and marvellous fact to a particular case of a well-known law.
Whatever theory be adopted, however, the facts and most of

their implications remain the same For, whether we suppose these
imitative resemblances to be due to direct creative design or to
survival of favourable variations, it is at least clear that the disguise
subserves a function—that it is purposive and not accidental.
Hence we may draw from the phenomena of mimicry certain
important psychological implications. On the hypothesis of
evolution, it is obvious that the mimicry can never go ftirthcr than
the senses of the creatures against whom the disguise is advantageous
would naturally carry it ; and even on the hypothesis of special
design it is not likely that the imitatton would be made more
accurate than would be necessary for practical purposes of deception.
There is much evidence in favour of this view. Mr B. T. Lowne'
for example, who has carefully' measured the curvature of the facets
in the compound eyes of insects, upon which depends the minimum
size of apprehensible objects, finds that the mimicry in the case of
the flies parasitic upon bees' nests has proceeded just so far as the
structure of the -bee's eye would lead us to expect, and no further. In
other words, so far as measurements of angular distance subtended
can guide us, such a fly seems to be absolutely indistinguishable by
a bee from one of his own species, within the limits of ordinary
vision. The pictures cast upon the sensorium by the fly and by a
brother bee are sii^ply identical. In many other cases it can be
shown that the mimicry seems specially intended to deceive the
eyes of a particulai class of animals; while there is no case of
mimicry where the <,nly enemies or prey consist of plants or eyeless
animals. Naturally there can be no mimicry without a creature to
deceive

; the very conception implies an external nervous system
to be acted upon, and to be acted upon deceptively. Thus mimicry
in plants must have reference to the eyes of animals, In animals
themselves to the eyes of one another. We may conclude, accord-
ingly, that if a leaf-insect is green with faint violet-brown veins
to the wings, exactly like a certain leaf, in order to deceive sundry
tropical birds, then those birds are capable of perceiving the forms
and colours imitated to that particular degree. So the presence of
mimicry m any group may guide us to a rough idea of the perceptive
powers of those creatures whom the mimicry serves to deceive. The
exact imitation of sand and coloured pebbles in the flat-fish is a
lairly safe mdication that the predaceous fish by whose selection
they tiave been developed (through the weeding out of ill-protected
variations) can pretty accurately distinguish form and colour The
long gi'een pipe fish which cling around green sea-weed have
probably acquired their existing hues to deceive the eyes of small
sharks

;
the Phylloplayx eques, a hippocampuS which looks pre-

cisely like a piece of tangled and waving fucus (see figure, vol. xi.

p. 852), has doubtless in the same way taken on its delusive like-
ness to the algro among which it lives. So the cricket which
resembles its foe the sand-wasp must have gained its present
shape and hue by deceiving its enemy, and therefore it sug-
gests the probability of highly developed vision on the part of
Xhp wasps. There seems every reason to believe that in many
instances insects, spiders, and even lizards have developed mimetic
or other deceptive resemblances in order to delude the eyes of In-
sects

;
while in other cases the disguise has been unconsciously

adopted to deceive fish, amphibians, reptiles, birds, and mammals
Moreover, we have some grounds for Relieving that the sense of
colour IS exceptionally strong i.i birds and in one or two insect
orders

;
and the mimicry of colour seems to have proceeded to the

gieatesi length amongst animals which are most exposed to the
attacks of these classes, or which would tiud it advantageous to
deceive tnem. It may be added that these same classes have beenmost effective in producing the bright hues of flowers and f.-uits, on

ri^- 1 r^l"
^ hypothesis, or are at least in any case most intimatelycone ated with such vegetable structures as fertilizers of blossoms

^afi'^ff?"^
°^ ''•'^- ,*^™i<='-y " thus to some extent a roughgauge of tno perceptive faculties of the species deceived by it
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Tho vocal mimicry which occurs among certain birds, such aa

tho mocking-bird, stalling, parrot, and bullfinch, must of course he
placed in a wlioUy different category from these biological cases. It
is a direct volitional result, and it is mimicry in a literal not in a
figurative sense. The faculty seems to be due to the play-instinct
alone, and not to subserve any directly useful function. (G. A.)

MIMNERMUS, a Greek elegiac poet, born at Smyrna,
lived about 600 B.C. His life fell in the troubled time
when the old Greek city of Smyrna was struggling to
maintain itself against tho rising power of the Lydian
kings. One of the e.xtant fragments of his poems refers

to tho struggle and contrasts the present effeminacy of his

countrymen with the bravery of those who had once
defeated the Lydian king Gyges. The poet mentions in

another fragment that he belonged to the stock of the

Colophonians who had seized the jEolic Smyrna. But his

most important poems vrere a set of elegies addressed to a
flute-player named Nanno; they were collected in two books
called after her name. Hermesianax mentions his love for

Nanno, and implies that it was unfortunate. Only a few
fragments of these poems have been preserved ; and their

soft melancholy tone and delicate language give some idea

of the poet's character. His ideal is the sweet soft

luxurious Ionian life, and he would enjoy it free from
sorrow and die as soon as he could no longer enjoy it.

Yet there is apparent some of the old stronger strain of

character which in early time raised the Ionian cities to

greatness, pride in the glories of his race and scorn for

those that are unworthy of their fathers' renown. His
experience of life was , evidently sad ; he felt that his

country was gradually yielding to the enemy it had once

defeated, and he knew that his own hopes were disap-

pointed. The sun himself has endless toils from rising to

setting and again from setting to rising. The life of man
is as transitory as the leaves of spring, he says, referring to

a passage in the popular epic poetry of Ionia {Iliad, vi.

14C). He wishes to die in his sixtieth year, a wish to

which Solon replied bidding him reconsider and rather

long to die when he was eighty years old. 'Mimnermus
was the first to make the elegiac verse, which had pre-

viously had mdre of the epic character, the vehicle for love-

poetry, and to impart to it the colour of his own mind.

He found the elegy devoted to objective themes ; he made
it subjective. He set his own poems to the music of the

flute, and the poet Hipponax says that he used the melan-

choly vo/tos KpaSi'as. He bears the epithet Aiyvao-raSj;?,

by which Solon addresses him. It is doubtful whether

this epithet is peculiar to himself or whether it marks him
as belonging to a musical and poetic family or school ; it

is evidently akin to the epithet XCyuai MoCo-ot.

MIMOSA. The Mimosem (so named from their mimicry

of animal movements) form one of the three suborders of

Leguminosx, and are characterized by their (usually small)

regular flowers and valvate corolla. Their 28 genera and

1100 species are arranged by Baillon in four series, of

which the acacias (see Acacia) and the true mimosas are

the most important. They are distributed throughout

almost all tropical and subtropical regions, the acacias

preponderating in Australia and the true mimosas in

America. The former are of considerable importance as

sources of timber, gum, and tannin, but the latter are of

much less economic value, though a few, like the talli {M.

ferruginta) of Arabia and Central Africa, are important

trees. Most are herbs or undershrubs, but some South-

American species are tall woody climbers. They are often

prickly. The roots of some Brazilian species are poisonous,

and that of M. pudka, L., has irritating properties. M.

sensiiiva has been used in America in the treatment of

fistula, &c., probably as an astringent. The mimosas,

however, owe their interest and their extensive culti-

vation, pailly to the beauty of their usually bipinnate

lG-14*

foliage, but ^tiU more to the remarkable development
:n some species of the sleep movements manifested to
some extent by most of the pinnate Leguminosx, as well
as many other (especially seedling) plants. In the so-called
"sensitive plants" these movements not only take place
under the influence of light and darkness, but can be easily
excited by mechanical and other stimuli. Wlien stim.u-
lated, say at the axis of one of the secondary petioles, the
leaflets move upwards on each side until they meet, the
movement being propagated centripetally. It may then
be communicated to the leaflets of the other secondary
petioles, which close (the petioles, too, converging), and
thence to the main petiole, which sinks rapidly downwards
towards the stem, the bending taking place at the pulvinus,
or swoUen base of the leafstalk. See Botant, vol. iv.

p. 113, fig. 117. When shaken in any way, the leaves
close and droop simultaneously, but if the agitation be
continued, they reopen as if they had become accus-
tomed to the shocks. The common sensitive plant of
hot-houses is 2f. pudica, L., a native of tropical America
butnow naturalized in corresponding latitudes of Asia and
Africa

; but the hardly distinguishable 2f. sensiiiva and
others are also cultivated. The common wild sensitive
plants of the United States are two species of the closely
allied genus Schrankia.

MINDANAO, MINDORO. See Philippine Islands.
ISIINDEN, the chief to^\Ti of a district of the same name

in Prussia, province of Westphalia, is situated about 22
miles to the west-south-west of Hanover, on the left bank
of the Weser, which is spanned there by two bridges. The
older parts of the town retain an old-fashioned appearance,
with narrow and crooked streets; the modern suburbs
occupy the site of the former fortifications. The most
interesting building is the Roman Catholic cathedral, the
tower of which, dating from the 11th century, illustrates

the first step in the growth of the Gothic spire in Germany.
The nave was erected at the end of the 13th century, and
the choir in 1377-79. Among the other chief edifices are
the old chiu-ch of St Martin; the town-house, with a
Gothic faqade ; the extensive court-house ; and the Govern-
ment offices, constructed, like many of the other buildings,

of a peculiar veined brown sandstone found in the district.

Minden contains a gj'mnasiuwnd several hospitals, besides

other charitable institutions Its industries include linen

and cotton .weaving, dyeing, calico printing, and the
manufacture of tobacco, leather, lamps, chicory, and chemi-
cals. There is also some activity in the building of small

craft. Jn 1881 107 vessels of an aggregate burden of

12,569 tons entered and cleared the river-harbour of

Minden. The population in 1880 was 17,869.

llinden (Jfindun, llindo), apparently a trading plac& of some
importance in the time of Charlemagne, was made the seat of a bishop
by that monarch, and subsequently became a flourishing member
of the Hanseatic League. In the 13th century it was surrounded
with a wall. Punished by military occupation and a fine for ita

reception of the Reformation in 1547, Jlinden underwent similar

trials in tho Thirty Years' War and the wars of the French occupa-
tion. In 1618 the bishopric was converted into a secular principality

under the elector of Brandenburg. From 1807 to 1814 ^linden
was included in the kingdom of Westphalia, and in the latter year

it passed to Priissia. In 1816 tho fortifications, which had been
razed by Frederick the Great after the Seven Years' War, were
restored and strengthened, and as a fortress of the second rank it

remained the chief military place of Westphalia down to 1872,
when the works were finally demolished. At Todtenhausen, 3
miles to the north of Minden, tho allied English and German troof"

under the duke of Brunswick gained a decisive victory over the

French in 1759. About 3 miles to the south of Minden is the

so-called "Porta "Westfalica," a narrow and picturesque defile by
which tho Weser quits the mountains and reacnes tho plain.

Minden is not to be confounded with the Hanoverian Miinden,

also sometimes written Minden (population 6355), at the confluence

(Milndung) of the Werra and Fulda.

MINE. See Mining.
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MINERALOGY
NATURAL objects which are homogeneous in their

mass, and in which no parts formed for special pur-

poses can bo distinguished, are termed " minerals "
; and

the branch of natural science which treats of these is

termed mineralogy. Minerals differ from the structures

treated of in botany and zoology in the three following par-

ticulars. ( 1
) They differ in the mode of their formation

;

this has been accomplished, not by assimilation of matter,

producing growth from within, but by augmentation of bidk

through accretion of particle.s from without. (2) Minerals

are not heterogeneous. While the objects treated of in

the other departments of jiatural history consist of beings

possessed of life, and having parts which, being mutually

dependent, cannot be separated from one another without

.a more or less complete destruction of the individual, the

objects treated of imder the department of mineralogy

have so uniformly consistent an individuality that they are

not destroyed by any separation of parts,—each portion

or fragment possessing the same properties and the same
composition as the whole. And (3), while those beings

which are possessed of life have their component elements

grouped into cgmplexes, for the most part capable of more
or less freedom of motion and susceptible of change,

minerals have a constitution resulting from chemical attrac-

tions alone and an arrangement of their parts, under
physical influences, which has resulted in rigidity and an
absence of all tendency to change.

Form of Minerais—Crystallography.

Befinifi- The most precise definition of a mineral would be—au
Hon of a inorganic body possessed of a definite chemical composition,
'°"'°™'- and usually of a regular geometric form. Of these, the

second is in one respect the direct outcome of the first

;

while many of the most important physical properties pos-

sessed by minerals are outcomes of the second.

Both the geometric form and the composition of

minerals are produced and modified under the influence of

general laws,

Mineral bodies occur in the three physical conditions of

solid, liquid, and gas. Those now found in the last two
states are few in number, and are of altogether inferior

interest to those which occur as solids; but there is reason
to believe that the minerals we kiiow as solids once"
•existed in the liquid or gaseous state, and that their pre-

sent structtire was determined in the process of solidifica-

tion. All bodies thus formed may be divided into two
great cla.sses:

—

1. Amorphous bodies, or such as do not possess a de-

finite and characteristic geometrical form. These (when
transparept) refract light singly in every direction (except
when under stress) ; they are equally easy or equally diffi-

cult to break in all directions ; when broken they exhibit

a conchoidal or an earthy fracture ; they are equally hard
throughout all their parts ; they are equally elastic in all

directions ; they conduct heat with equal rapidity and in

equal amount in all directions.

2. Crystalline bodies, or such as occur in definite geo-

metrical forms bounded by flat surfaces. These present

greater facilities of separation- of their particles, or " cleav-

age," in certain directions lying in determinate planes than
they do in others ; most of them are neither equally hard
nor equally elastic in all directions, conduct heat more
rapidly in certain directions than they do in others, and,

when transparent, refract light doubly except in certain

directions.

Mineral bodies are found in both of the above classes

;

and the same mineral body may occur in both the

amorphous and the crystalline condition. This is seen in

the piece of gold sho\vn in

fig. 1, where the upper portion

has a sharply angular and a

well-defined shape, while the

lower presents curvilinear and
rugged outlines, similar to one

another in no part. Under'

favouring circumstances, it is

possible that every substance

whose composition is capable

of being represented by a

definite chemical formula

—

i.e., which has an unvarying

composition—may be capable

of assuming a definite crys-

talline form.

Size and Form of Crystals.— They ace of every size from

over a yard in diameter to. mere specks requiring a high

power of the microscope, to reveal their existence. Beryls

have been obtained in America more than i feet in length

by 2i in thickness, weighing 2J tons. Equally large

crystals of apatite have been found in Canada. There is a
rock crystal at ^Milan 3| feet long by 5i in circumference,

weighing 870 Bb. The highest perfection of form, and hence

of other properties, is only found, however, in crystals of

moderate or of small size.

Variety of Form, and Constancy of Form.—The same Variety

mineral may be foimd in different localities, or sometimes of fo™"

in the same locality, exhibiting an almost endless variety

of forms. Calc-spar occurs at a Scottish locality in acicu-

lar pyramidal crystals of which the length may
be ten or more times as great as the width (fig.

2) ; in flat plates as thin as paper, in which the

length is not the hundredth part of the width
;

also in prisms, pjrramids, and rhombohedra,
which at first sight (as in figs. 3, 4) seem

Fig. 3.

Jig. i.

destitute of any relationship to each other. This
substance has elsewhere been noted in several
hrmdred forms. The minerals fluorite, pyrite,

and baryte have each been observed in over a
hundred diverse forms. Nevertheless, however
great the number, all the forms, in the case of ^2- ^•

each mineral, may be reduced or referred to a single type,
by the simple process of examining its internal structure
or the mode of arrangement of its molecules. This is
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accomplished in two ways—(l)by finding tlie weak joints

in that arrangement, through splitting the crystal, and

(2) by measuring the angular inclination of the outside

eurfaces which bound the form and, from these measure-

ments, by simple mathematical laws, arriving at what has

been termed its "primitive" or simplest form.

As regards the mere recognition of a substance, such

measurement in itself suffices,—the angular inclination, if

thp same surfaces be measured, being unvarying in each

species It can, moreover, be shown that the possible

range of external variety of form is governed by fixed

mathematical laws, which determine precisely what crys-

,taUine forms are or may be produced for each species.

Comparatively few of these actually occur in nature ; but

crystallographic laws can point out the range of those

which can possibly occur, can delineate them even before

they are found, and can in all cases show the relationship

which subsists between them and the simple or fundamental

form from which or out of which they all originate. It

must be observed that in crystalline bodies the internal

striicture—that is, the arrangement of the molecules

—

is as regular in an outwardly shapeless mass as in the

modelled crystal which presents itself as a perfect whole.

Definitions of Cri/s(als, mid their Members or Parts.—

A

crystal is a symmetrical solid, either opaque or transparent,

contained within surfaces which theoretically are flat, and
of a perfect polish, but which are actually frequently

curved, striated, or pitted. These surfaces are called

"planes," or " faces." The external planes of a crystal are

called its " natural planes "
; the flat surfaces obtained by

splitting a crystal are called its " cleavage planes." The
intersections of the bounding planes are called "edges,"

and planes are said to be similar when their corresponding

edges are proportional and their corresponding angles

equal. Crystals bounded by equal and similar faces are

termed " simple forms." The cube, bounded by six equal

squares, the octahedron, bounded by eight equilateral

triangles, and the rhombohedron, bounded by six equal

rhombs, are thus simple forms. Crystals of which the

faces are not all equal and similar are termed compound
forms, or "combinations," being regarded as produced
by the union or combination of two or more simple forms.

Edges are termed rectangular, obtuse, or acute, according

as the angle at which the faces which form the edge meet
is equal to, or greater or less than, a right angle. Edges are

similar when the planes by the intersection of which they

are formed are respectively equal and eqiially inclined to

one another ; otherwise they are unlike or dissimilar.

When a figure is bounded by only one set of planes, it is

said to be " developed." When an edge is cut off by a
new plane, it is said to be "replaced"; when cut off by a
piano which forms an equal angle with each of the original

faces which formed the edge, it is said to be "truncated."

Wlien an edge is cut off by two new faces equally incUned

to the two original faces respectively, it is said to bs
" bevelled." When a solid angle is cut off by a new face

which forms equal angles with all the faces which went to

form the solid angle, it is said to be truncated.

In classifying crystals and studying their properties, it

is found convenient to introduce certain imaginary lines

called "axes." Axes are imaginary lines connecting

points in the crystal which are diametrically opposite,

—

such as the centres of opposite faces, the apices of opposite

soUd angles, the centres of opposite edges. Different sets

of axes may thus be drawn through the same crystal; but

there is always one set, usually of three, but in one special

class of crystals of four, axes, by reference to which the

geometrical and physical properties of a crystal can be

most simply explained. Tbese ^.;?3 intersect one another,

either at right angles, producing " orthometric " forms, or

at oblique angles, producing " clinometric " forms. Th<
axes may be aU equdl, or only two equal, or all unequal.

There is a definite conventional position in which foi

purposes of description a crystal is always supposed to b«
held. With reference to this position one of the axes,—
that which is erect or most erect,— is termed the "verti-

cal," and the others the " lateral." The planes in which
any two of the axes he are called the "axial" oi

"diametral planes,"—sometimes "sections." By these

the space around the- centre is divided into "sectants."
If there are, as is generally the case, only two lateral axes,
the space is divided into eight sectants, or octants ; but, if

there are three lateral axes, it is divided into twelve
sectants.

Primitive Forms of Crystals.—If we attempt to arrive,

through a study of the internal structure of crysta"i», as
evidenced by directions of weakness of cohesion, at the
total number of primitive or parent forms which can cxisa
we find that there are thirteen such forms and no moi"".

Nine of these raay be regarded as prisms standing upon i Sasa,
three as octahedra standing upon a solid angle ; and there U ono
twelve-sided figure, or dodecahedron.

Prisms. —Of the prisms eight have a four-sided base. Primu,
If the base is square and the prism stands erect—that is, if its

^^*
sides or lateral planes, as they are called, are perpendicular to the
base—the form is termed a "right square prism" (fig. 6). In
this the four lateral planes are rectangular and equal ; they may ba
either oblong or square ; in the latter case the form is the " cube

"

(fig. 6). When the base is a' rectangle instead of a square, the
form is a "right rectangular prism " (fig. 7). In each of the

--•^: M
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the cube, bnt tliese planes have oblique anelps. The rhombo-
hedron thus bears the saoic relation to the oblique rhombic prism
which the cube does to the right scjuare prism. Of the eight solid

angles of a rhombohedron omy two are contained by three equal

plane angles, and these two "apices," as they may be called, are

opposite one another. According as the apices are acute or obtuse,

ire have an acute or obtuse rhombohedron.
'VThen the base of an oblique prism is a rhomboid, the prism

becomes an " oblique rhomboidal prism " (6g. 12). In this form,

only diagonally opposite edges are similar, as regards equality

of length end the value of the included angle. Only opposite solid

angles are equal, as are also the opposite and parallel faces.

A right prism may have an equilateral six-sided base ; it is then
called an ' hexagonal prism. " This form may be developed in two
positions relatively to each other,—one in which the transverse axes

pass from the centrea of opposite faces (fig. 13), the other in which
they pass from the centres of
opposite edges of the planes
(ng. 14). The faces of the one
set mutually truncate the edges
of the other. If a rhombo-
hedron be positioned so as to
Test upon one of its apices, the
faces of one hexagonal prism
would truncate the lateral x^ i o rx •• <

edges of the rhombohedron, "S- 18- Fig. 14.

while the faces of the other hexagonal prism would truncate its

lateral solid angles. Hexagonal prisms may be longer or shorter
than the width of their bases. The interfacial lateral angles are
120°. The angle between the lateral and terminal faces is 90°.

Oclahedra.—The planes of these eight-faced solids are triangular,
and they may be regarded as made up of two four-sided pyi-amids
applied to each other, base to base. They are always positioned so
that they stand upon a solid angle with the " basal plane "—that
is, the plane which is the common base of the tvro pyramids—hori-
2ontaL In the primitive forms now under consideration the ver-
tices of the two pyramids will in this position be vertically above
and below the centre of the base. The upper and lower solid angles
are then termed the " vertical solid angles," and the four lateral
solid angles are called the basal solid angles.

There are three octahedrons. In the "regular" octahedron (fig.

16) the base is a square, and the eight faces are equilateral triangles
of equal size. There are twelve edges, which are all equal The
faces incline to each other at an angle of 109° 28' 16", and have the
plane angles all 60°. fhere are six equal solid angles. When the
Base of the octahedron is souare, but the other edges, although

''& 15. Fig. 16. Fig. 17.

equal to one another, are either longer or shorter than the edges
Df the base, the form is a " right square octahedron "

(fig. 16).
In this the faces are isosceles triangles, the equal angles being
at the basal edge of the planes. These basal edges are equal and
similar, but differ in. length and in angles from
the eight equal pyramidal edges. When the
base of an octahedron is a rhombus, it is calle'"

a " right rhombic octahedron " (fig. 17).
Dodecahedron.—This (fig. 18) has each of its

twelve faces a rhombus. It is, like the cube
and the octahedron, a solid which is symmetrical.
The interfacial angles are all 120°, the plana
angles are 109° 28' 16' and 70° 81' 44". The edges
are twenty-four, and similar. There are fourteen S- 18.

solid angles, of which six are formed each by the meeting of four
acute plane angles, and eight by the meeting of three obtuse plane
angles.

It has been said that the above simple forms were arrived
at through a study Of the internal structure cf crystals,

chiefly as disclosed by cleavage. Inasmuch, however, as
there are some minerals which cleave in only one direction,

and many which cannot be cleaved in any direction, this

method of investigation fails. Its employment, moreover,
frequently led to conflicting or embarrassing results. A
conflicting result is when a substance has more than ono
set of cleavages,—that is, splits up in directions which
would result in the production of more than one of the

above primary or simple forms. Thus the mineral fluorita

occurs with much the greatest frequency in the form of

the cube, and it might very consistently be held that its

frequent occurrence in this form was a clear natural

indication that the cube was the primary or simplest form

of flucrite ; but it splits up into an octahedron. Galena

crystallizes frequently in the form of the octahedron
;
yet

to cleavage galena yields a cubic primary form. It might

be conceived that there had been, in each case, some
special tendency to assume the cubic form and the octa-

hedral form ; but one and the same piece of rock may
bear on its surface cubic crystals of fluor and octahedral

crystals of galena,— each of the minerals having here

assumed the primitive cleavage form of the other in pre-

ference to its own. The mineral blende crystallizes not
unfrequently in octahedra, which yield the dodecahedron
on cleavage. Fluor crystallizes in dodecahedra, yet yields

the octahedron to cleavage. Argyrite crystallizes in cubes

and in octahedra, but yields the dodecahedron on cleavage.

Pyrite crystallizes in cubes, octahedra, and dodecahedra,

and yields both the cube and the octahedron on cleavage.

These are most embarrassing results, but they early

indicate so intimate a relationship to subsist between three

of the above simple forms that it is obvious that one alone

would serve as a type form for representing the others.

The selection of that one should be based upon grounds of

most eminent simplicity, and this again is to be arrived

at by a consideration of the smallness of number of parts,

i.e., of faces, edges, and solid angles. In such a considera-

tion we find that the dodecahedron, with its higher number
of each of these, at once gives place. The cube has six

faces, the octahedron eight ; simplicity here is in favour of

the cube. The cube has twelve edges, the octahedron has
twelve; in this respect they are equal.- The cube has
eight solid angles, the octahedron six ; here the greater

simplicity is on the side of the octahedron. So that this

method of adjudicating by simplicity fails, and we are

thrown back upon the relationships which may be unfolded

through a consideration of the other elements of crystals,

—

their axes.

Systems of Crystals and Laws of Crystallization.

This consideration led, first, to the remarkable discovery Relatios

that several of the above primary forms are mere modifica- of faces

tions of each other, and ultimately showed that all crystals ^^ "**•

found in nature may be referred to six systems, based on
certain relations of their axes, and that every face which
could occur upon a crystal bears a definite and simple

relation, in position and in angular inclination, to these

axes.

_
As regards mere geometric measurement, there are several direc- Axes dl

tions in which axes may with nearly equal advantage be projected, re^ticas

For example, in the cube
(ilg. 19) they may be drawn
from the centres of opposite
faces, as lettered 0; or
from opposite solid angles,
as lettered C j or from the
centres of opposite edges,
as lettered D. There is

abundance of evidence that
each of these direcrions
must be regarded as lines

of dominant accretion of
molecules.

But the accretion may be
not only dominant but
overwhelmingly so in one
only of these directions in
certain cases or existent pjo i9_po^itio„ „{ t^re, .^U of 4xes.
along one set of axes alone
in certain others. In a specimen of native silver from Alva in

Scotland (fig. 20), along O this is bo much the case that the con-
creting molecules have done little more than delineate the form
of sn. octahedron, and this th«y have only been able to do by
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aegregatii^ themselves in lines of minute crystals of the very
inape of TfAich they were projecting the skeleton form. More-
over, a polar aggregation at the terminal ends of these octahedral
axes is here shown by the amount of concretijig and cr'^allizing

Fig. 20.

material being larger at the terminations of these axes than else-

where. In the hollcw-faced cube again (fig. 21), an aggregation
of molecules in the direction of the lines D and C has lilled the
edges an"^ °olid angles, while none have been deposited along 0.

Fig. 21.

This occurs in crystals of salt. In the hollow-faced octahedron,
again (fig. 22), there has been no deposition of matter along the
line C. Cuprite often shows this form; and it as frequently occurs

in hollow-faced dodecahedra, wherein the vacuity is in the direc-

tion of D.
In the specimen of pyrite from Elba ^fig. 23), a deposition along

D and C would ultimately have erected the scalfolding of a hoUow
cube, in twelve lines of minute
combinations of the cube and
octahedron. Such directional

arrangements may, moreover,

not only be intermittent but
often alternate. The pyrite
from Traversella (fig. 24) is an
illustration of the first. A large

pentagonal dodecahedron hav-
ing been completed, a new ac-

cession of material has been
attached, not uniformly spread
over the pre-existent crystal,

to enlarge it, but locally ar-

ranged, in equal amount, at

the poles of O. But here the

special method of the arrangement has determined the formation
of a number of email crystals of the same form as that originally

projected.

An alternation, as it were, in plan is shown in such a crystal of
calcite as that in fig. 25. Here a scalenohedron is seen in the
centre of the figure ; then a rhombohedron has been perched upon
its summit, and lastly both have been sheathed in a sii-sided prism
with trihedral summits. Different aa these three forms are, >t is

found that they all here stand in a definite position one to the
other ; that definite position is the relation which they bear to one
of the sets of axes, and this set may be assigned, not only to all

the three crystals here combined, but also to all the crystals be-

longing to the same mineral, wherever occurring. This general

applicability constitutes one of the respects in which one special

set of axes is, in each of the si^stems, preferred to the others.

A
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and there are certain advontagee in conBidoring them at

least first by the former mcthcxl.

We consider first, as the more essential, the relative

lengths of the axes, and, secondlj, the angular inclination

of these.

1. In the cubic system the axes are all equal, and all

intersect at right angles. Here is the most perfect sim-

plicity, and the most perfect regukrity

2. In the tetragonal system two only of the axes are

equal ; but all still intersect at right angles. Here is a
departure from simplicity as regards the length of one axis,

but no departure as regards the angular inclination.

3. In the right prismatic system none of the axes are

equal, but all still intersect at right angles. Here is total

loss of regularity in the first particular, but still none in

the second.

4. In the oblique prismatic system none of the axes are

equal, and only two intersect at right angles. Here there

is again a total loss of simplicity in the first particular, and
a certain amount of departure from it in the second.

5. In the anorthic system none of the axes are equal,

and none of them inten«ct at right angles,—so that here,

as expressed by the name, there is

a total departure from regularity in

lioth particulars.

6. The hexagonal system is

anomalous in relation to this mode

j

of consideration. It is regarded as

^~- having four axes, three of which lie

=^——. \J^ in one plane, parallel to the base, and
intersect each other at equal angles26.

Fig. 27.

(necessarily angles of C0°).

The fourth axis intersects

these at right angles, and may
be longer, shorter, or equal

to them. This system is

generally considered after the

tetragonal system, as having
one axis which differs in

length from the others, and
only one which cuts the
others at right angles. By
some a rhombohedron is con-

sidered as the primary of this

system ; it then comes to

have three axes, all equal,

but none intersecting at right
angles.

In considering these sys-

tems, or in describing the
form of a crystal, the vertical

or erect axis is named the
principal axis of the figiire,

and that axis is chosen as
the vertical which is the only
one of its kind. In the cubic

system there is no such axis,

80 that any one may be chosen as the vertical.

It will be convenient, before proceeding to the considera-
tion of the laws of crystallography and the combinations

Jig. 30.

of forms,—especially in view of the tyrminology that must

be employed in illustrating those general aspects of tha

subject,—to give an outline of one of the six systems here.

For this preliminary description the cubic system, as tha

simplest and most regular, naturally suggests itself as tha

most suitable.

L The Cubic System.—Here the axes are all equal, and

all intersect at right angles. The "cube" (fig. 26), "octa-

hedron" (fig. 30), and "rhombic dodecahedron" (fig.

33), which are here included, are alike in their perfect

symmetrj'; the height, length, f.nd breadth art equal;;

and their axes are equal, and are rectangular in theij

intersections.

In the cube (fig. 6) these axes connect the centres of

opposite faces; in the octahedron (fig. 15) the apices o>

opposite solid angles; in the dodecahedron (fig. 18) the

apices of opposite acute solid angles. The relation of these

forms to each other, and the correspondence in their axe&^

will be made manifest through a consideration of the transi-

tion between the forms. If a cube be projected with tha

axes in the above position, or if a model of it- in any
sectile material be employed, and if the eight angles are

sliced off evenly, keeping the planes thus formed equally

inclined to the original faces, we first obtain the form in

fig. 27, then that in fig. 28 and fig. 29, and finally a
regular octahedron (fig. 30) ; and the last disappearing

point of eaoh face, of the cube is the apex of each solid

angle of the octahedron. Hence the axes of the former,

being in no way displaced, necessarily connect the apices

of the solid angles of the

latter. By cutting oS as

evenly the twelve edges of

another cube, the knife being
equally inclined to the faces,

we have the form in fig. 31,

then fig. 32, and finally the
rhombic dodecahedron (fig.

33), with the axes of the cube
connecting the acute angles of

the new form. These forma
are thus mutually derivable.

Moreover, they are often pre-

sented by the same mineral
species, as is exemplified in
galena, pyrites, and the dia-

mond.
The process may be re-

versed, and the cube made
from the octahedron, as will

be readily imderstood from a
comparison, in reverse order,

cf figs. 26 to 30. Or the cube
may be similarly derived from
the dodecahedron, as seen by
inspecting figs. 33, 32, 31, 26.
The octahedron also is

changed to a rhombic dodeca-
hedron by removing its twelve
edges (figs. 3-1, 35), and con-
tinuing the removal till the
original faces are obliterated,

thus producing the dodeca-
hedron.

Fig. 83,

It will be observed that throughout all these changes
the poisition of the axes, as determinants of dimensions,
need not be altered,—that, in fact, one set of axes has
served for all the forms.
The relationships of the principal forms of this system

being thus disclosed, the forma themselves have next to be
considered.
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The cube (fig. 26) is bounded by six equal squares, has

welve edgfcs formed by faces meeting at 90°, and eight

solid trigonal angles. The axes are taken as joining the

^centres of each two opposite faces. Examples are hallite,

galena, and fluor.

Fig. 3i.
Fig. 35.

the octahedron on one side to the rhombic dodecahedron

on the other ; while the increased accretion here is in the

direction of lines joining the centres of the faces of the

octahedron or the solid angles of the cube. 'J.'he passage

of the forms is similar to that illustrated in the last^Jon-

Fig. 39. Kg. 40.

The octahedron (fig. 30), bounded by eight equilateral

triangles, has twelve equal edges with planes meeting at

109° 28' 16", and six tetragonal angles. The principal

axes join the opposite soUd angles. Examples :
magnetite,

^^TheThomWc dodecahedron (fig. 33) is bounded by twelve

equal and similar rhombi, has twenty-four equal edges of

120° and has six tetragonal and eight trigonal angles

Each of the principal axes joins two opposite tetragonal

angles. Examples: garnet, cuprite, blende.
_

The tetrakishexahedrons (figs. 36, 37, 38, varieties of

icositetrahedron) are bounded by twenty-four isosceles

triangles, placed so as to form four-sided pyramids on the

faces of the cube, arranged in

six groups of four each. They

have twelve longer edges, which

correspond to those of the pri-

mitive or inscribed cube, and

twenty-four shorter edges placed

over each of its faces. The

angles are eight hexagonal and

six tetragonal, the latter joined

two and two by the principal

axes. Examples : fluorite, gold.

This form varies much in general

aspect. The four-sided pyra-

mid which rests on the edges

oi each face of the cube may be

so low as almost to fall into it

(fig. 36) ; or it may rise so high

that each side forms a level

surface with that which is ad-

jacent to it upon the nearest

cubic face (fig. 38). In the

latter case the form has become

the rhombic dodecahedron ; so

that the more or less acute

varieties of the form are but

stages of a passage of the cube

into the latter figure, through

an increasing accretion of matter

in the lines of the axes of the

cube. This is termed a " tran-

sition by increment."

The triakisoctahedrons,.fig. 39

(variety of icositetrahedron,

fig. 40), are bounded by twenty-

four isosceles triangles, in eight

groups of three, arranged as pyramids on the edges of

the faces of the octahedron. Like the previous form

Fig. 38.

sidered form. The edges are twelve longer, corresponding

with those of the inscribed octahedron, and twenty-four

shorter, three and three over each of the faces. The angles

are eight trigonal and six ditetragonal (formed by eight

faces), the latter angles joined two and two by the principal

axes. Examples : galena, diamond.

The icositetrahedrons (fig. 40) are bounded by twenty- icosl-

four deltoids. This form varies from the octahedron to t«'"rr

the cube, sometimes approaching the former and sometimes nedroiWi

the latter in general aspect. A four-sided pyramid rests

on the angles of the faces of the cube. When increased

accretion takes place along the cubic axes, an octahedron

results. When it is along lines joining the solid angles

of the cube, that form itself results. The edges are twenty-

four longer and twenty-four shorter. The solid angles are

six tetragonal joined by the principal axes, eight trigonal,

and twelve rhombic or tetragonal with unequal angles.

Examples : analcime, garnet.

The hexakisoctahedrons (fig. 41), bounded by forty-eight HexaU*

scalene triangles, vary much in general aspect, approaching octa-

more or less to all the preceding forms, into all of which * "•

they may pass ; but most frequently they have the faces

arranged either in six groups

of eight on the faces of the

cube,- or eight of six on the

faces of the octahedron, or

twelve of four on the faces of

the dodecahedron. There are

twenty-four long edges, often

corresponding to those of the

rhombic dodecahedron or bi-

secting the long diagonal of

the trapezohedron, twenty-four

intermediate edges lying in

pairs over each edge of the

inscribed octahedron, and twenty-four short edges in pairs

over the edges of the inscribed cube. There are six <iit6-

tragonal angles joined by the principal axes, eight hexa-

gonal, and twelve rhombic angles. Examples :
diamond,

fluorite. r t

General Lam of Cryslallography.—Tos, seven forms of

crystals now described are related to each other m the

most intimate manner. This will appear more distinctly

from the account which is to foUow of the mode of deriva-

tion of the forms, with which is conjoined an explana-

tion of the crystaUographic signs or symbols by which

they are designated. These symbols were mtrodnced by

Naumann, in the beUef that they not only mark the forms

in a greatly abbreviated manner, but also exhibit the

relations of the forms and combinations in a way whici

Fig. 41.

the laces of the octanearon. iJKe tne previous lorm i rei^wuiu. v.^ .^^ -^
- i„, t/, f^n^wmif thin

Ly vary in general aspect, the variation here being from 1 words could hardly accomplisL In order to foUow out thi«
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derivation of forms, it is necessary to state briefly the

following laws, which hare been established in crystallo-

graphy. It is to bo remembered that these laws apply,

not merely to tho cubic system just described, but to all

the systems.

1. The Latp of Ifie Invariabilifi/ of the Am/Us of Crystals,

which was established by Romd de I'lslo, may be thus

stated :—tho angles of inclination of the faces of a crj'stal

are constant, however unequally the faces may be developed.

The corresponding angles of different crystalline specimens

of the same body do not, however, always absolutely agree.

Differences have been found, amounting sometimes even

to 10'.

2. The Laic of Symmetry, discovered by Haiiy, may
be thus expressed :^1) similar parts of crystals—faces,

edges, angles, and consequently axes—are all modified in

the same manner, and dissimilar parts are modified

separately or differently; (2) the modifications producs the

same effect on the faces or edges which form the modified

part, when they are equal ; when they are not equal, they

produce a different effect. That is, if an edge be truncated

or bevelled, every similar edge will be similarly truncated

or bevelled ; if an angle be truncated or acuminated, every

similar angle will be similarly truncated or acuminated

;

and consequently every similar axis will be equally affected

by the modifications. Thus the cube has eight similar

angles an.d twelve 'Similar edges. In the physical produc-

tion of the cube, if one of the angles or edges be modified,

all will bo similarly modified. This, which is the most
important law of crystallography, is, however, subject to

an exception which was fully formulated by Weiss. The
law was—all the similar parts of crystals, faces, edges,

angles, and consequently axes, are modified at the same
time and in the same manner ; the forms resulting from
this kw are termed " holohedral." The exception is that

half of them or one-fourth of them only may be similarly

modified. When only half of the similar parts are modi-
fied, we get the " hemUiedral " forms ; when one-fourth

only are modified, which occurs only rarely, we get
" tetartohedral " forms.

3. The Law of the Parallelism of the Faces of a Crystal,

discovered by Rom6 de I'lsle, may be expressed as

follows :—every face of a crystal has a similar face parallel

to it ; or every figxu^ is boimdcd by pairs of parallel faces

(with the exception of certain henuhedral forms).

4. Tlie Law of Zones, first established by Weiss, may be
thus enunciated :—the lines in which several faces of a
crystal intersect each other (or would do so if they were
produced until they met) frequently form a system of

parallels. Such a series of faces is termed a "zone."
Sometimes the zones are parallel to one of the symmetrical
axes. Thus, in every prism, the faces of the prism con-
stitute a zone which encircles the axis of the prism. Faces
may be in a zone although they do not actually intersect

on the form.

5. The Law of the Rationality of the Parameters of the
faces of crystalline series, first indicated by Malus, is that
the position of planes may be assigned by numbers bearing
some simple ratio to the relative lengths of the axes of the
crystal This law was the outcome of investigations into
the relationship of farms glanced at in commencing the
consideration of the cubic system, and was arrived at
through the study of the mode of derivation of forms.

The derivation of forms is that process by wliich, from one form
chosen for tho purpose, and considered aa tho type,—the funda-
mental or primary form,—all the other forms of a system may be
produced, according to fixed principlcB or general laws. In order
to understand this process or method of derivation, it must be noted
that the position of any plane is fixed when the position of any
three points in it, not all in one straight line, is known. To detcr-
mioo the position, therefore, of the face of a crystal, it is only

necessary to know the distance of three points in it from the centre

of the crystal, which is the point in which the axes intersect each

other. As the planes of all crystals are referred to their axes, the

points in which the face (or its supposed extension) meets the three

axes of the crystal are chosen, and the portions of the axes between

these points and tho centre are named parameters of tho face : and

tho position of the face is sufficiently known when tho relative

length or proportion of these naraiijetcrs is ascertained. Wlien tho

position of one face of a simple form is thus fixed or described, all

the other faces of the form are in like manner fixed in accordance

with law 2, since they are all equal and similar, and have equal

parameters—that is, intei-sect the axis in the same proportions.

Hence the expression which marks or describes one face marks
and describes the whole figure, with all its faces.

The octahedron is adopted as the primary or fundamental form

of the cubic system, and distinguislied by the first letter of the

name, 0. Its faces cut the half-a-xes at equal distances from the

centre ; so that these semiaxes, the parameters of the faces, have to

each other tho proportion 1:1:1. In order to derive the other

forms from the octahedron, the following construction is employed.

Suppose a plane to be laid down perpendicular to one axis, and
consequently parallel to the two other axes (or to cut them at an in-

finite "distance, expressed by oo , tho sign of infinity) ; then the

hexahedron or cube is produced, designated by the crystallographic

sign ooOoo,^.expressing the proportion of the parameters of its

faces, or 00 : 1 : 00. If a plane is supposed placed on each edge,

parallel to one axis, and cutting the two other axes at equal dis-

tances, tho resulting figure is the rhombic dodecahedron, designated

by the sign ooO, the proportion of the parameters of its faces being

00 : 1 : 1. The triakisoctaliedron arises when, on each edge of the

octahedron, planes are placed cutting the axis not belonging to that

edge at a distance from the centre m, which is a rational number
greater than 1. The proportion of its parameters is therefore

m:\: 1, and its sign mO ; the most common varieties are JO, 20,
and 30, seen in diamond and fiuorite. When, on the other hand,

from a similar distance m in each two semiaxes prolonged a plane

is drawn to the other semiaxis, or to each angle, an icositetrahedron

is formed ; the parameters of its faces have consequently the pro-

portion m : CT : 1, and its sign is mOm ; the most common varieties

are 202 and 303,—tho former very frequent in leucite, analcime,

and garnet, the latter in gold and amalgam. When, again, planes

are drawn from each angle, or the end of one semiaxis of the octa-,

hedron, parallel to a second axis, and cutting the third at a distance

71, greater than 1, then the tetrakishexahedron is formed ; the para-

meter of its faces is oo : n: 1 ; its sign is ooOn; and the most com-
mon varieties in nature are ooOf, oo02, and c»03. Finally, if in

each semiaxis of the octahedron two distances in and n be taken,

each greater than 1, and m also greater than n, and planes be drawn
from each angle to these points, so that the two planes lying ever
each edge cut the second semiaxis belonging to that edge at' the
smaller distance n, and the third axis at the greater distance m,
then the hexakisoctahedron is produced ; the parameters are

m : )? : 1, its sign mOn, and the most common varieties 30J, 402,
and 50|, seen in diamond and fluorite.

It must be observed that the numbers in the above signs refer to
the parameters of the faces,—not to the axes of the crystal, which
are always equal. One parameter also has always been, in the above,
assumed =1, and then, either one only of the two other para-
meters, marked by the number before 0, or both of them, marked
by the numbers before and after 0, have been changed.

In the above consideration of tho mode of derivation of these
forms actually found in nature, which belong to the cubic system,
it will be observed, (though the illustrations were limitt J) th°t the
value of in and n in these indicated, by the precision of tin r.i-opor-

tions ^, 2, or 3, a definite numerical relationship. This at once led
up to tho extended observations which established tha law above
stated of proportionality in the modification of crystals, or the
rationality of the parameters, which gives a mathematical basis to
the science, adding to symmetry of arrangement a numerical rela-
tion in the position of the planes.
To illustrate this in a general form (and not merely with special

reference to the mode of notation or expression of Naumann, which
is that adopted in the subsequent descriptions), let AOA', BOB',
COC ((ig. 42) be the three axes of a crystal, drawn in perspective,
and cutting one another in the centre O. The .-lemiaxes OA, OB, OC
are three parameters. Now in thb lino OA t«ke Ooj-JOA, and
Ooj-iOA,—making as many points as may be necessary be-
tween OA, rationalfractions of OA. Subdivide OB and OC in a
similar manner. Further produce OA, OB, OC to Ao, Bo, Co, in
each direction to an infinite distance, or to a supposed infinita
distance, as expressed by the arrow-head; and suppose these 'ex-
tended axes to be divided in a manner similar to tlie subdivisions
of the parameters, by rational multiples of OA, OB, and OC. All
the p'av^ of a crystal will be parallel to one or other of Che planes
u,\Mp-:js through three of the points ihus determined.

First, in order to apprehend the relationship of faces to these axes,
or to t>i> half axes,—the parameters of the faces,—let us suppose one

Froper
tlon of

para-.

meters
express.

by
symboL
Notatio

of Nau-
in ft.nn

.



MINERALOGY 353

pl-ine of a crystal to ba so situated s to cut the three parameters

Ok 015, OC at their extremities A, B, C, which it most bs remem-

t-pvtd are points equi- „

disiant from the centre; T

or let it be supposed "^l'

that a glass plate rests

upon three intersect-

ing wires at such

points. It is evident

that such a plane oi

plate will have a de-

finite inclination or , ,,' O
elope. Suppose fur- •

ther a second plane

r-r plate to exist,

which cuts the three

semiaxes in the points

B^ *„ Cj, which have
been measured oflF

<along jvith a|, Sj, c^)
A
»i

Fig. 42.

1 equidistant from O.

It will be evident that

such a plane, though
smaller, will be parallel

to the first, seeing that, like it, it cuts the three parameters at

ei^nal distances from 0.

A little consideration . show that, whatever the absolute dis-

tances from the centre may be, so long as the supporting subdivi-

sions are equal, no new slope of the glass plates or planes is

possible ;
planes so situated must be parallel and similar. Any sign

which may be adopted to express the slopfe of one of such plants

must be applicable to all. A plane, however, cutting the points

«j, bi, Cj will have quite a different slope.

Let us now suppose a plane to cut a different set of the semiaxes,

namely, OA', OB, OC, in the points -a„ -h^, -c^. Such a plane

would he parallel to one cutting the points —a^- h^, - c^ and also to

the set of planes first described, but on the opposite side of the centre

of the crystal If again, however, we had a plane cutting the semi-

axes OA' and OB' in - Oj, - b\< tiut the semiaxis OC in the point

- Cj, it is clear that the slope of this plane would be quite different

from that of the planes just described, but it would %a parallel to

the plane cutting the points a,, i,, c^. This slope, like the other,

evidently depends, not on the absolute lengths of the portions of

OA', B', OC cut off, but upon their proportions or ratios ; and
such is the case with aU the planes which are referred to the same
axes.

As there are three axes, and each or all of them may be cut at any
points and at any ratios, it is evident that the number of planes

which is possible is infinite ; and it must be also evident that the

inclinations of all are fixed or determinate if we know the ratios.

While, however, the possible number of planes is infinite, the actual

number occurring among minerals is either small or moderate, in

virtue of the fact ihat the ratios of subdivision of the axes are always

simple, and not numerous.
Naumann's symbols for the notation or individualizing of planes

have been glanced at. A simpler method is that of employing as

indices the denominators (if simple fractions) of the fractional parts

of the axis cut. Thus 111 is used for any plane parallel to that

cutting the axes in Oj, Jy Cj ; 122 for those parallel to Oj, >2, Cj ; 813

for 03, 6i, c-j ; and so on.

When any of the points referred to have negative signs, the cor-

responding indices have negative signs placed overthem. Thus
122 is the index for a plane parallel to a\b^c^. 103 is the index

of the plane a'j, baa, c'j. oo nere indicates infinity; that is, the

plane never would cut the axis B however far it were extended ; in

other words, it is parallel to it. The necessity for elongating the

axes is brought about by the occurrence of highly acuminating

planes, which in many cases would not meet the axes at all unless

these were prolonged.

If the axes are unequal, as in the trimetrin foims, then the ratio

is of the same character, except that the relative lengths of the axes'

come into consideration ; but here, as in the regular system, irrational

values cannot occur, and iu even the most complex crystals they

seldom exceed seven, either as aliquot parts or multiples.

It will thus be seen that in crystals there is lO haphazard scatter-

ing of faces, but a complete subserviency to 1- w, a law which may
be said to be the linear equivalent to the la(' of multiple propor-

tions by weight, and Gay Lussac's law of multiple pronortions in

combination by volume.

In abbreviation of all the systematic modes of notation, letters of

the Latin and Greek alphabets are frequently employed in a more or

less arbitrary manner, and with advantage in the case of highly

complex forms.

6. The Laiv of Symmetry of Crystalline Combination

IS tho consequence of tlio law of S3rninietry and the law of

the rationality of the parameters, and has been partially

stated in enunciating these laws. It is thus expressed j

—

(1) a substance can only crystallize in forms, whether

simple or compound, which have the same relative

symmetry, that is, belong to the same crystalline system,

and the parameters of the faces of which bear a simple

relation to each other, that is, belong to the same axis
; (2)

a form cannot be modified by faces belonging to a different

system, or a different series.

Certain exceptions to the first part of this law occur.

The element carbon occurs as the diamoad, which is cubic,

and as graphite, which is hexagonal. Sulphur occurs near

volcanoes in needle crystals belonging to the oblique

prismatic system, and also in caves (deposited apparently

from solution) in crystals belonging to the right prismatic

system. Titanic acid is tetragonal in rutile, and right

prismatic in brookite. Carbonate of lime is hexagonal in

calcite, and prismatic in aragonite. These are probably

only apparent exceptions. The elementary substances

which go to form them occur in different allotropic states,

with different amounts of specific heat; and it is probable

that in these different states they go to form the above

modifications,' which are therefore, in every respect, except

in their chemical composition, different mineral bodies.

The physical differences between diamond and graphite

may suffice as an illustration. The diamond is trans-

parent, colourless, brittle, and extremely hard
;
graphite

is opaque, black, tough, and so soft as to be utilized as

a lubricant.

Spheres of Projection.—The foregoing scheme for the

development of the relation which subsists between faces

of crystals and their axes affords but slight aid in display-

ing the position of the faces, or their mutual relationships.

The delineation even of a considerable series of crystal

forms does not indeed go far in effecting this,^on account,

first, of very unequal development in the size of the faces

of crystals, and, secondly, on account of the habit of

development of these faces not only differing largely, but

being special to certain localities,—as in the entire absence

of some faces, and in the preponderance of others.

Maps of the whole domain occupied by the forms of each

mineral have been happily projected for such display.

The projection is laid down as on a globe, in accordance

with stereographic projection, and admitting of. calculation

according to the laws of spherical trigonometry. These

globe maps are called " spheres of projection." Thb centre

O is the common centre of the crystal and of the sphere in

which the axes intersect. The three axes wiU of cour.se

meet the circumference of the sphere in six points, called

the "poles of the axes." From the centre radii are

supposed to be drawn, meeting each plane perpendicularly.

It is evident that such radii will have fixed inclinations to

each other. They are called " normals " to the planes, and

the points in which when produced they meet the circum-

ference of the sphere of projection are called the ' poles
"

of the corresponding faces. A face and its pole thus call

for only one symbol The angle included by any two

normals is the supplement of that included by the two

corresi>onding faces.

It is thus easy to determine the angles of any two

normals when that of the corresponding faces is known, or

vice versa. Thus, if the angle between two faces is 125°,

that of the normals will be 3,5°. The spheres of projection

are specially adapted to enable us to avail ourselves of the

aid to calculation afforded by the forenoted fact that sets

of faces lie parallel to each other, forming zones ; for. wlicu

projected on such a sphere, the normals of the parallel

faces will all lie in one plane , and the poles, all cutting

its surface in the direction of one line, may be connected,

and so form a great circle on the sphere. This is called

the " zone circle." A- Uno drawn throuah the centre of the
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zone plane, cutting it at right angles, is the " zone axis " ; it

13 parallel to all the faces, and intersections of the faces (if

they are extended enough to intersect), of the zone. A face

may bo common to two or more zones; its normals will then

coincide with the intersections of the several zone planes.

In the absence of actual spheres upon which to detail the

facts which go to form the " sphere of projection " of each

substance, the hemisphere is represented on a plane surface.

This has of necessity- the disadvantage, except as regards

the circumferential zone, of introducing spherical distance-

distortion—foreshortening of all parts lying near the cir-

cumference ; but the eye soon gets accustomed to this. Fig.

43 presents the principal zones of the cubic svstem, and

Fig. 43.

shows the position of the poles of the faces of the cube,

the octahedron, and the rhombio dodecahedron. Oj, o^, Oj,

<tc., are the poles of the octahedral faces; Oj, a^, a^, &c., those

of the faces of the cube ; and d^, d^ d^ &c., those of the

rhombic dodecahedron. It will be observed that the faces

of the cube fall into the zone circles of the octahedron and
dodecahedron, while those of the octahedron fall into those

tM tsostoiM tjojuo no ijoa:o sio no no no

Flo. 44.—Piiacipal Poles of Cubic System in Octant of Sphere.

of the rhombic dodecahedron. Considering this as a
delineation of a globe, these zone circles como to represent
latitude and longitude ; and, as almost all the faces in this

.system fall into some zone circle, it is clear that the
latitude and longitude of all normals may be readily laid
down, and their relations at once determined by spherical

'rigonometry Fig. 44 shows the arrangement of tho poles
of all the forms belonging to the cubic system noticed

above, or referred to in tho present article,—delineated on

an octant of the sphere of projection. It displays the

perfect regularity of the system.

Bemihedral and Telariohedral Forms.—The ^^exception to the Hcmi-

second law (that of symmetry), which was formulated by Weiss, hedial

was to the elfcct that one-half or oven one-fourth only of the faces forma,

which go to term e. holohedral crystal may be present. When but

one-half of the faces present thepisolves, tho form is termed hemi-

hcdral ; when ouly one-fourth, it is tetartohedral. These restrained

developments have now to be coilsidereJ. In hemihedral forms

the development is restrained, but symmetry is not deranged;

half the similar parts are still alike, though unlike the other half.

There are two classes of hemihedral forms :

—

I. Those forms in which half the similar angles or edges are

modified independently of the other half ("hemi-holohedral"),

producing

—

1. In the monometnc and dimetric systems ' tetrahedral" and

"sphenoidal" forms, by tho independent replacement of the alter-

nate angles; their opposite faces are not parallel, and they are

hence called "inclined" hemihcdrons; as in chalcopyrite, boracite.^

The replacement in the dimetric system of two opposite basal edges

at one base and the other t\yo at the opposite base is of the same
kind; as in edingtonite.

2. In the trimetric system "monoclinic" forms, by the replace-

ment of half the similar parts of one base and the diagonally

opposite of the other, unlike the other half; as in datholite, humite.

3. In the trimetric and hexagonal systems ' 'heraimorphic " forms,

by independent replacements at the opposite extremities of the

crystal ; as in topaz, calamine, tourmaline.

4. In the rhombohedral system, by the replacements of the
alternate basal edges or angles of the rhombohedron, forms usuaDy
called "tetartohedral" or quarter forms, on the ground that

mathematically the rhombohedron is a hemihedral form derived
from the hexagonal prism, which is the type of the hexagonal system.
Rock crystal is usually developed according to this law.

II. Those forms in which all the similar angles or edges are

modified, but by half the full or normal nunaber of planes (" holo-
hemihedral "), producing

—

1. In tho monometric system "pyritohedral" forms, by a replace,

ment of the edges or angles ; as in pyrites. Such forms have
opposite faces parallel, and are often called parallel hemihedrons.

2. In the dimetric system "pyramidal" and "scalenoidal" forms,
by a replacement of the eight solid angles of the primary prism,
according to two methods.

3. In the hexagonal system " pyrainoidal '' and "gyroidal"
forms, by a replacement of the solid angles of the hexagonal
prism, or of the six lateral angles of the rhombohedron, according to
two methods ; as in quartz and apatite.

The above illustrations show that hemihedrism is not only
divided into two classes, but is of various kinds, and these have
been systematized as follows:— "holomorphic," in which the
occurring planes pertain equally to the upper and lowef (or opposite)
ranges of seetants, as in ordinary hemihedrons; and (2) "hemi-
morphic," in which each set of planes pertains to either the upper
or the lower range, but not to both. As to the relative position of
the sectants which contain the planes, the forms may be vertically
direct, as in baryte ; vertically alternate, as in the tetrahedron, the
rhomb^licdron, and the plagihedral faces ot quartz ; and vertically
oblique, as in many forms of chondroditc.

In hemimorphic forms symmetry is deranged ; the crystals are Henii-
bounded at tho opposite ends of thoir main axes by faces belonging morphlo
to distinct forms, or modifications,—always, _ S j form*.
however, of the same system ; hence only, tho
upper or the under half of each crystal can be
regarded ns complete, as regards the form there
seen ; and so for each end it is half formed.

Fig. 45 represents a crystal of tourmaline,
which is bounded
on the upper end
by the planes of
the rhombohedrons
K (P) and - 2R (o),

and on the lower
<!nd by tho basal
pinacoid {k^. In
fig. 46 of smith-
sonite tho upper
extremity shows the
base k, two brachydomcs o and p, and two macrodomes m and /;

' As tho parts ot either half are alternate, there stUl results a symme-
trical solid. As either one or other half may be the one thus modified,
there may result two such Bymmotrlo solids, which stand in an inverse
position to one another. When the modifications affect the upper right-
hand solid angle, the resulting form is called + ; when the upper left-
Ii lud angle it is -

Fig. 45.
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whilst on the lower end it is bounded by the faces F of the primary
alone.

It has been found that all hcmimorphio crystals become electri-

cally polar when heated, that is, exhibit opposite kinds of electricity

at opposite ends of the crystal. The subject will be more fully con-
sidered under the electricity of minerals.

The hemihedral forms of the cubic system are the following :

—

1. The tetrahedron (fig. 47), hemihedral of the octahedron, is

bounded by four equilateral triangles. It has six equal edges with
faces meeting at 70° 32', and four trigonal angles. The principal

axes join the middle points of each two opposite edges. Examples

:

fahlore, boracite, and helvine.

Fig. 47. Fig. 48.

2. The trigonal dodecahedrons (fig. 48), hemihedral of the icosi-

tetrahedron, are bounded by twelve isosceles triangles, and vary in

general form from the tetrahedron to the cube. There are six longer

edges corresponding to those of the inscribed tetrahedron, and
twelve shorter, placed three and three o"er each of its faces, and
four hexagonal and four trigonal angles. Example : tetrahedrite.

3. The deltoid dodecahedrons (fig. 49), hemihedral of the triakis-

octahedron, are bounded by twelve deltoids, and vary in general

form from the tetrahedron on the one hand to the rhombic
dodecahedron on the other. They have twelve longer edges lying

in pairs over the edges of the inscribed tetrahedron, and twelve
shorter edges, three and three over each of its faces. There
are six tetragonal (rhombic), four acute trigonal, and four obtuse
trigonal angles. The principal axes join two and two, opposite

thombio angles. Example : tetrahedrite.

Fig. 49. Fig. 50.

4. The hexakistetrahedrons (fig. 50), hemihedral of the hexalcis-

octahedron, are bounded by twenty-foUr scalene triangles, and most
commonly have their faces grouped in four systems of six each.

The edges are twelve shorter and twelve longer, lying in groups of

three over each face of the inscribed tetrahedron, and twelve in-

termediate in pairs over its edges. The angles are six rhombic,
joined in pairs by the principal axes, and four aouter and four

obtuser hexagonal angles. Example : diamond.
In these forms, often named "tetrahedral," the faces are oblique

to each other. Their derivation and signs are as follows. The tetra-

Jiedron arises when four alternate faces of the c)ctahedron, two
opposite above and two intermediate below, are ert.'.\rged so as to

obliterate the other four; and its sign is hence - . But, as either

four faces may be thus enlarged or obliterated, two tetrahedrons can
be formed, similar in all respects except in position, and together

making up the octahedron. These are distinguished by the signs +
^d -, added to the above symbol, but only the latter in general

expressed, thus —-• In all hemihedrio systems two forms simi-

larly related occur, which may thus be named complementary
forms. The trigonal dodecahedron is derived from the icositetra-

hedron by the expansion of the alternate trigonal groups of faces.

. . feOm ^, . - ^ . . 202
Its sign 13 —X— , the most common vanety being —^ . The

deltoid dodecahedron is in like manner the result of the increase of

the alternate trigonal groups of faces of the triakisoctahedron, and

its sign is -^ . Lastly, the hexakistetrahedron arises in the

development of alternate hexagonal groups of faces in the hexa-

kisoctahedron. and its sign is —-— ".

2

Two semitesseral forms with parallel faces occur. (1) The
pentagonal dodecahedrons (fig. 51), bounded by twelve symmetrical
pentagons, vary in general aspect between the cube and the rhombio
dodecahedron. They have six regular (and in general longer)
edges, lying over the faces of the inscribed cube, and twenty-

Fig. 51. Fig. 52.

four, generally shorter (seldom longer), edges, usually lying in
pairs over its edges. The solid angles are eight of three equal
interfacial angles, and twelve of three interfacial angles, of which
only two are equal. Each principal axis unites two opposite regular
edges. This form is derived from the tetrakishexahedron, and its

sign is —— . It is found frequently in iron pyrites and cobaltine.

(2) The dyakiidodecahedron (fig. 52), bounded by twenty-four
trapezoids with two sides equal, has twelve short, twelve long, and
twenty-four intermediate edges. The angles are six equiangular
rhombic, united in pairs by the principal axes, eight trigonal, and
twenty-four irregular tetragonal angles. It is derived from the

hexakisoctahedron, and its sign is
j

!!!ili'"|
^ tjie brackets being

used to distinguish it from the hexakistetrahedron, also derived
from the same primary form. It occurs in iron pyrites and
cobaltine. The two other semitesseral forms, the pentagonal

Fig. 53.

dodecahedron (fig. 63), and the pentagonal icositetrahedron (fig.

54), both bounded by irregular pentagons, have not yet been
observed in nature.

Combinations.—The above-mentioned forms of the tes- Combin*.
serai system (and this is true also of the five other systems tions.

of crystallization) not only occur singly, but often two,
three, or more occur united in the same crvstal, forming
what are named combinations.

In this case it is evident that no one of the individual

forms can be complete, because the faces of one form must
interfere with, by diminishing, 'the faces of other forms.

A combination therefore implies that the faces of one form
shall appear symmetrically disposed between the faces of

other forms, and consequently take the place of certain

of their edges and angles. These edges and angles are

thus, as it were, cut off, and a greater number of new
ones produced in their place, whicli properly belong neither

to the one form nor the other, but are angles of combina-

tion. These new faces are hence termed modifications,

and the origiijal or primary or simple form is said to be
modified. Usually one form predominates more than the

others, or has more Influence on the general aspect of the

crystal, and hence is distinguished as the predominant
form, the others being considered subordinate.

The sign of the combination consists of those of- its constituent
forms, written in the order of their influence or imijortance in tho
comliination. with a coint between "ach pair.

It will be readily seen that such combinations may be exceedingly
numerous, or rather infinite ; and only a few of the more common
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can be noticed. Jr^ny others more complicated will occur in the
descriptive part of this article. Among holohedral combinations,
the cube, octahedron, and rhombic dodecahedron are the predomin-
»nt forms. In fig. 27 the cube has its ancles replaced by the faces
of the octahedron, which truncate the angles, and the sign of this
combination is ooO=o , O. In flg. 28 this process may be regarded as
having proceeded still farther, so that the faces of the octahedron
nearly coaal those of the cube, rfhile in fig. 29 they now predom-
inate ; the sign, still of the same two elements, but in reverse
order, is 0, ooO» It will thus be seen that, through an increase in
the amount of the abstraction of the faces of the cube, the figure
^dually passes over into that of tho octahedron. This may occurm all cases, and is termed the passage of the cube into the octa-
hedron (or Vict tersa), or a " transition by decrement"

In fig. 31 the cube has its edgfs replaced by the faces of the
rhombic dodecahedron, which truncate the edges, the sign being
«0», ooO; while in fig. 32 there is the same combination, but with
the faces of the cube subordinate, and hence the sign is ooO, ooOoo

.

The former figui e, it will be seen, has more the general aspect of the
cube, the latter of the dodecahedron. Here the solid angles of tho
latter are truncated by the faces of the cube, and we have tho
passage of the cube into tho dodecahedron by decrement. The
same transition, through truncation or decrement^ could be shown
in aU cases of combinations, and in both directions, the last stage
of the passage into one or other form always consisting of tho
replacement of its solid or Intcrfacial angles by faces of the de-
parting figure, more or less minute. A few illustrations of this
may be i^ven, in the three most important forms.
The relationship of the tetrakishexahedron to the cnbe has

above been stated to be, that its faces form six low qaadrilatoral
pyramids, which rest upon or spring from the edges of the cube.
(From this tlie form derives its trivial name of four-faced cube )Hence these faces bevel tho edges of the cube. The first stage of
such bevelling (or tho last stage of the truncation of the tetrakis-
hexahedron by .the faces of the cube—whichever way it may bo
regarded) is seen in fig. 65. As the cnbia face is here dominant
the sign 13 ooO«, oo03. Fig. 66 shows a Somewhat similar stage

mid formed by the (6x4) faces of the latter. The faces of tho
octahedron truncate the three-faced solid angles of the rhombic
dodecahedron. Fig. 35 shows the first stage of tliis truncation,

while fig. 34 shows an advanced amount The faces of the icosi-

Fig. 60. Fig. 61.

tetrahedron truncate the edges of the rhombic dodecahedron, as lit

fig. 60 ; while those of the latter truncate the unequal-angled tetra.

fonal (or rhombic) angles of the former (fig. 61). The faces of the
e.Takisoctahedron bevel the edges of the rhombic dodecahedron.
While such transitions may appear indifinite, yet certain

minerals have either in themselves a habit or have at certain
localities a habit, of crystallizing so markedly in a certain stage
of these transitions as to be absolutely capable of recognition
thereby.

Combinations of hemihedral or, as they have been caUeil, semi-
tcsseral forms are of three classes:—those with holohedral forms,
those in which the faces fall obliquely on one another, and those
with Darallel face.s. Fig. 62 shows the combination of f. right-
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with A vertical-faced pentagonal dodecaliedron ; wnile ng. 68 shows
an increase in the amount of truncation effected by the latter. Fig.

iO shows the combination of the cube with the ciyakidodecahedron,

Fig. 68. Fig. 69.

the former being dominant. In fig. 70 an octahedron, in dominance,

is combined with the vertical-faced pentagonal dodecahedron; in

Fig. 70. Fig. 71.

fig. 71 the faces of these forms are of nearly equal size, while in

fig. 72 the octahedral faces are nearly removed. The solid angles of

Fig. 72. Fig. 73.

the octahedron are modified in fig. 73 by the faces of the dyakis-
" a vertical-faced pentagonal dodeca-dodecahedron. In fig. 68

Fig. 74.

hedron is the prevaiUng form in combination with the cube; while

in fig. 74 the faces of the octahedron are superadded. In fig. 75 its

jctahedral angles are modified by the faces of the icositetrahedron,

Fis. 76. Fig. 77.

and in fig. 76 by those of theacctahedron in addition. In fig.

77 tliey are modified by the faces of the dyakisdodeoahedron.

In each of the five systems which fonow there is this

Sifference from the cubic system that one axis is always

uneqwj. to (longer or shorter than) the others. This is

placed erect, and named the chief Asds ; its ends are poles,

and the edges connected with them polar edges. The
other axes are named subordinate or lateral axes, and tbe

plane that passes through them is the base. A plane

through the chief and a lateral axis is a normal chief

section. In these systems also occur the three forms of

"pyramids," "pri.sms," and "pinacoids." (1) The pyra-

mids have their faces triangles. Pyramids in crystallo-

graphy are each composed of two geometric pyramids

placed base to base, and named "closed forms," as the

crystals are shut in by definite faces on every side. (2)

The prisms are bounded by plane faces parallel to one axis.

They are thus of unlimited extent in the direction of that

axis, and therefore named "open forms,"but in solid crystals

are shut in by faces of other forms. (3) The pinacoids, or

tables, have two faces intersecting one axis and parallel

to the others, and thus are also open forms, or unlimited in

the direction of these axes. Forms (2) and (3), when con-

joined, mutually shut in each other, or produce closed forma.

n. Pyramidal or Tetragonal System.—This system' has

three axes at right angles, two of them equal, and the chief*

axis longer or shorter. The name tetragonal is derived

from the form of the base, which is usually quadrangular.
There are eight tetragonal forms, of which five are closed. (1)

Tetragonal pyramids (figs. 78, 79) are enclosed by eight isosceles

triangles, with four middle edges all

in one plane, and eight polar edges.

There are three kinds of this form.

Fig. 79.

Fig. 78.

distinguished by the position of the

lateral axes. In the first these axes

unite the opposite angles ; in the second
, . j •.

they intersect the middle edges equally.; and in the third they

lie in an intermediate position, or divide these edges unequally,—

the last being hemihedral forms. These pyraziids are also dis-

tinguished as obtuse (fig: 78) or acute (fig. 79). according as tha

vertical angle is greater or less than in the

regular octahedron. (2) Ditetragonal pyra-

mids (fig. 80) are bounded by sixteen scalene

triangles, whose base-lines are all in ono

Fig. SO. Fig. 81.

plane. This form rarely occurs except in combinations. (3) Tetra-

gonal sphenoids (fig. 81), bounded by four isosceles triangles, are

the hemihedral forms of the first variety of tetragonal pyramids,

(i) The tetragonal scalenohedron (fig. 82), bounded by eight scalene

triangles, whose bases rise and fall in a zigzag line, is the hemi-

hedral form of the ditetragonal pyramid. Nos. (3) and (4) are rare.

(5) The tetragonal trapezohedron is not found in minerals as a simple

form. The three open forms are—(1) tetragonal prisms, bounded

by four planes parallel to the principo! axis, which may be cither

longer (fig. 83) or shorter (fig. 84) than the lateral axes; (2) dite-

tragonal prisms, bounded by eight similar planes ; and (3) the basal

pinacoid, consisting merely of two parallel faces bounding the pnsms

at the ends, above and below.
-u a e

Tlie various series of tetragonal cryst^als are distinguished from

each other only by their relative dimensions. To determine these,
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Primi- one of the aerieji most b« ehoMn as th« primary form, and Tor thia

Ut« purpose a tetragonal pyramid of the first variety, designated by P
pyramid, as its sign, is selected. The angle of one of it3 edges, especially

the middle edge, found by measurement, determines its angular

dimensions, wEilst the proportion of the principal axis a to the

pyra-

mids.

Prisin.

Pig. 82. Fig. 64.

lateral axes, supposed equal to 1, gives its linear dimensions. The
parameters, therefore, of each face of the fundamental form are
1:1:0.
Now if m be any (rational) number, either less or greater than

unity, and if from any distance ma in the principal axis planes be
drawn to. the middle edge of P, then new tetragonal pyramids of
the first order, but more or less acute or obtuse than P, are formed.

Derived The general sign of these pyramids is mP and the most common
-•— varieties JP, 2P, and

3P,—with the chief
axis half, twice, or
thrice that of P. If
m becomes infinite,

then the pyramid
passes into a prism,
mdefinitely extended
along the principal
axis, and with the
sign osP. If m-0,
wuich is the case
when the lateral axes
nro supposed infinite,

then it becomes a
Ploicoid. pinacoid, consisting

properly of two basiS
laces open towards
the lateral axes, and
designated by the
sign OP. Theditetra-
gonal pyramids are
produced by taking
m each lateral axis
distances n greater
than 1, and drawing
two planes to these
points -from each
of the intermediate
polar edges. The parameters of these pianes are therefore m : 1 : m,
and the general sign of the form mPn, the most common values
of n being J, 2, 3, and to. When n = oo, a tetragon.il pyramid of
the second order arises, designated generally by mPa> , the most
common in the mineral kingdom being Poo and 2?oo . The relation
of these to pyramids of the first order is shown in fig. 85, where
ABBBC is the first and ACCCX the second order of pyramid. In
like manner, from the prism ooP, the ditetragonal prisms ooP»

Fig. 86. Fig 87.

Fig. 8a Fig. 89.

«re derived, and, Cnajiy, when n-w the tetragonal prism of the
second order, whose sign is ooPoo

.

The combinations of the tetragonal sybtem are cither holohcdral

or hemihedral ; but the latter are rare. Prisma and pinacoid^

must always be terminated on the open sides by other forms. Thus

in fig. 86 a square prism of the first order is terminated by the

primary pyramid, and has its lateral angles again replaced by

another more acQte pyramid of the second order, so that its sign

is ixP, P, 2Poo.

In fig. 87 a prism of the second order is first bounded by tha

fundamental pyramid, and then has its edges of combination

replaced by a ditetragonal pyramid ; its sign is ooPco, P, 3P3. In

fig. 88 the polar edges of the pyramid are replaced by another

pyramid, its sign being P, Poo . In fig. 89 a hemihedric form, very

characteristic of chalcopyrite, is represented,—? and P' being the

two sphenoids, a the basal pinacoid, and b, c two ditetragonal

pyramids.

III. The Hexagonal System.—^The essential character of

this system is that it has four axes,—three equal lateral

axes intersecting each other in one plane at 60°, and one

principal axis at right angles to these. The plane through

the lateral axes, or the base, from its hexagonal form, gives

the name to the system. As in the last system, its forms

are either closed or open. They are divided into holohedral,

hemihedral, and tetartohedral,—the last, which are rare,

having only a fourth part of the faces developed. Only a

few of the more common forms require to be here described.

The hexagonal pyramids (figs. 80, 91) are bounded by twelve Pyta-

isosceles triangles, and are of three kinds, according as the lateral wids

axes fall in the angles, in the middle
of the lateral edges, or in another

Eoint of these edges, the last being
emihedral forms. They are also

classed as acute or obtuse, but with-

out any precise limits. The trigonal

pyramid is bounded by six triangles,

and may be viewed as the hemihedral
form of the hexagonal. The dihexa-
gonal pyramid is bounded by twenty-
four scalene triangles, but has never
been observed alone, and rarely even
in combinations. The more common
prisms are the hexagonal of six sides ;

in these the vertical axis may be
either longer than the lateral, as in
fig. 92, or shorter, as in fig. 93.

There are also dihexagonal, of twelve
sides.

A particular pyramid P is chosen
as the fundamental form of this
system, and its dimensions deter-
mined either from the proportion of
the lateral to the principal axis (1 : a)
or from the measurement of its angles.
From this form (mP) others are de.
rived exactly as in the tetragonal
system. Thus dihexagonal pyramids
are produced with the general sign
7)!P)i, the chief peculiarity being that,
whereas in the tetragonal system n might have any rational value
from 1 to oo, in the hexagonal system it can only vary from 1 to
2, in consequence of the geometric character of the figure. When
rt"2, the dihexagonal changes into an hexagonal pyramid of the
second order, whose sign is jnP2. When ?rt = oo, various prisms
arise ftom similar
changes in the v.iluo

of n ; and when m =
the basal pinacoid is

formed.

Few hexagonal min-
eral species form per-
fect nolohedrni com-
binations. Though
quartz and apatite ap-
pear as such, yet pro-
perly the former is a
tetartohedral, the lat-

ter a hemihedral spe-
cies. In holohedral ^—--1

species the predomi- ^^-' '""

nant faces nro usually ^ 1

—

those of the hexagonal F'g- 93. Fig. 94.

prisma ocP (fig. 92) and o:P2, or of the pinacoid OP (fig. 93); whilst Prism*
the pyramids P and 21'2 are tha most common subordinate forms,
rig. 91 represents tho prism, bounded on the extremities by two
pyramids,—one, P, forming tho apex, the other, 2P2, She rhombic

Fig. 91.

Fig. 92.

^
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faces on the angles, or ooP, P, 2P2. Fig. 95 is a similar form, the

npper part of the pyramid being replaced by the pinacoid. In

some crystals the lateral edges of the pribm are replaced by the

Fig. 95. Fig. 96. Fig. 97.

second prism c<:P2 (fig. 96), producing an equiangular twelve-sided

prism, which always represents the combination ooP, osP2, and
cannot occur as a simple form. Figs. 97. 98 are combinations iu this

Fig. 98. Fig. 99.

system seen in beryl. An example of a more complicated combina-
tion is seen in fig. 99, of a crystal of apatite, whose sign with the
corresponding letters is ooPf J/), ooP2(e), OP(P), JP(r), P{x), 2P(z),

P2(a), 2P2(s), 4P2((i).

Hexagonal minerals frequently crystallize in those series of hemi-
hedral forms that are named "rhombohedral," from the prwalence
In them of rhombohedrons. These (figs. 100, 101) are bounded by

Fig. 100. Fig. 101.

six rhombi, whose lateral edges do not lie in one plane, but rise and

fall In a zigzag manner. The principal axis unites the two trigonal

angles, formed by three equal plane angles ; and in the nrest common
variety the secondary axes join the

middle points of two opposite edges.

When the polar edges form an angle of

more than 90°, the rhombohedrons are

named obtuse ; when of less than 90%
acute ; fig. 102 represents the first,, fig.

103 the second. Hexagonal scaleno-

hedrons (fig. 104) are bounded by ., , , ^..

twelve scalene triangles, whose lateral \\,'' x v

-Fig. 102. Fig. 103.

edges do not lie in on3 plane. Tha principal axis joins the two
hexagonal angles, and the secondary axis the middle points of two
opposite lateral edges.

The rhombohedron is derived from the first order of hexagonal
pyramid by the hemihedral development of its alternate faces. Its

general sign should therefore be -—- ; but on several grounds it is
2

found better to designate it by E or mR, and its complementary
figure by - »iR. TIVTien the prism or pinacoid arises as its limiting

form, they are designated by ooE and OE, though in no respect

changed from the limiting forma o»P and OP'si the pyramid. The

scalenohedron is properly the hemihedral form of the dihexagonal
pyramid, but is more easily understood as derived from the inscribed
rhombohedron mK. If the halvea of the principal axis of this
be multiplied by a definite number
n, and then planes be drawn from
the extremities of this enlarged axis
to the lateral edges of the rhombo-
hedron, as in fig, 105, the scaleno-
hedi-on is constructed. It is now
designated by mUn (the n on the
right here referring to the chief axis),

and the dihexagonal prism in this
series by ooRn (for-

merly otR" and
ooR").

The combina-
tions of rhombo-
hedral forms are

very numerous,
several hundreds
having been de-

scribed in calc-spar

alone. Among the
most common is

the prism in com-
bination with a
rhombohedron, as

seen in the twin
crystal of calc-

spar (fig. 106),

with the sign ^S- 104. Fig. 105.

00R, - JR, the lower half being the same form with the upper, but
turned round 180°. In fig. 107 the rhombohedron mRhas fts polar

t-.-.v:. >I

—

Pig, 106. Fig. 107.

edges replaced by another rhombohedron - JmR,
its lateral edges bevelled by the scalenohedron
complex combination of five forms
is lepresented in the crystal of calc-

spar fig. 109, its sign, with the
letters on the faces, being E*(j^),

and i-

mK».
fig. 108
A more

Fig. 108. Fig. 109.

R'(r), R(P), 4R(7n), <»R(c,. Tetartohedral combinations are seen

most distinctly in rock-crystaL

IV. Bight Prismatic or Rhombic System This system

is characterized by three unequal axes, all at' right angles

to each other. Any one of the'se may bo assumed as the

chief axis, when the others are named subordinate. The
plane passing through the secondary axes, or the base, forms

a rhombus, and from this one of its names is derived. As
prismatic forms are most frequent (the prism standing

vertically on the rhombic base), it is best defined as the

right prismatic. This system comprises only a few varie-

ties of forms that are essentially distinct, and its relations

are consequently very simple.
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There me two closed forms. (1) The rhombic pyramids (figs. 110,

111), boODdedby eight scalene triangles, whose Uteral edges he in one

MINERALOGY

8ph«n-
oidj.

Prisms.

Domes

Pinacoid-

Fig. 110.

plane, and form a rhom-

bus. They have eight

polar edges (four «cute

and four more obtuse)

and four lateral edges.

The angles are six rhom-
bic, the most acute at

the extremities of the

longest axis. (2) The
rhombic sphenoids (Ogs.

Fig. 112. Fig. 113.

112, 113) are bounded by four scalene

triangles, with their lateral edges not in one plane, and are hemi-

hedral forms of the rhombic pyramid.

They are of very infrequent occurrence.

Theopen forms, again, are rhombic prisms

bounded by four planes parallel to one

of the axes, which is indefinitely ex-

tended, and may be longer than the

lateral, as in fig. 114, or shorter as in

fig. 115. They are divided into upright

(as in the above figs.) and horizontal

prisms, according as cither the principal

or one or other of the lateral axes is

supposed to become infinite. For the

latter form the name doma or dome has

been used ; and two kinds, the macro-

dome (fig. 116) and the brachydome (fig.

117), have been distinguished.

Rhombic pinacoids also arise when
one axis becomes —0 and the two others

an) indefinitely extended; and so we .

have macropinacoids (fig. 118) and S- H"-

brachypinacoids (fig. 119),—the qualifying term thus designat-

ing the axis to which the faces of the dome or oinacoid are

parallel.

In deriving these forms from a primary, a particular rhombic pyra-

mid P is chosen and its dimensions determined either from the

^Bi^ *;
—

'r^r^T",^^
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Bemt
pyru-

midal

Prisms.

with the macrodome, or a>?2, P, Poo . The above figures are very

common forms of barytes,—figs. 125 and 126 being both composed
of the pinacoid OP, a brachydome, and a macrodome, with sign

0P((;), Poo {/), JPoo [d). The variation in aspect arises from the pre-

dominance of different faces ; and fig. 127 consists of the macrodome
JPoo, the prism ai'?{g), and the pinacoid OP.

V. The Oblique Prismatic System.—This sy.stem is char-

acterized .by tliree unequal axes, two of which intersect

each other at an oblique angle, and are cut by the third at

right angles. One of the oblique axes is chosen as the

chief axis, and the other axes are then distinguished as the

orthodiagonal (right-angled) and clinodiagonal (oblique-

.angled). The same terms are applied to the chief sections,

and the namfl of the system refers to the fact that these

two planes form with the base two right angles and one

oblique angle C.

The forms of this system approach very near to those of the right

prismatic series, but the inclination of the axis, even when almost

ft right angle, gives them a peculiar character, by which they are

duu-acter always readily distinguished. Each pyramid thus separates into

two altogether independent forms or hemipyramids.
Three varieties of prism also occur—vertical, inclined, and nori-

zontal—with faces parallel to the chief axis, the clinodiagonal, or the

orthodiagonal. The horizontal

prisms, like the pyramids, sepa-

rate into two independent partial

forms named hemiprismsorhemi-
domes. The inclined prisms
are often designated clinodomes,

the term prism being restricted

to the vertical forms. Ortho-

pinacoids and clinopinacoids

are also distinguished, from
their position in relation to

the axes. The monoclinic pyra-

mids (fig. 128) are bounded by
eight scalene triangles of two
kinds, four and four only being
similar. Their lateral edges lie

all in one plane, and the similar

triangles are placed in pairs on
the clinodiagonal polar edges.

The two pairs in the acute angle between the orthodiagonai and

#Tramid3. b^sal sections are designated the positive hemipyramid, whilst the
' two pairs in the obtuse angles of the same sections form together

the negative hemipyram.id. But, as these hemipyramids are wholly
independent of each other, they are rarely observed combined.
More frequently each occurs alone, and then forms a prism-like

figure, with faces parallel to the polar edges, and open at the extremi-

ties. Hence, like all prisms, they can only appear in combination
with other forms. The vertical prisms are bounded by four equal

faces parallel to the principal axis, and the cross section is a rhombus

;

the clinodomes have a similar form and section ; whilst the hori-

zontal prisms or domes have unequal faces, and their section is a
rhomboid.
The mode of derivation of these forms -closely resembles that of

the rhombic series. A complete double pyramid is assumed as the
fundamental form, aud designated ±P, in order to express the two
portions of which it consists. Its dimensions are given when the
proportion of its axes a:h:c and the angular inclination of the
oblique axes C, which is also the inclination of the orthodiagonal
section to the base, are known.
The fundamental series of forms is OP . . . . ±mP . . . . ±P

. . . . ±HtP . .. . . 00 P, from each of whoso members, by changing
the dimensions of the other axes, new forms may be again derived.

Thus frijm ±niP, by multiplying the orthodiagonal by any nurnber

n, a series of orthopyramids imP'n is produced, with the ortho.

domes mP°oo as limiting forms. The clinodiagonal produces a

similar series of clinopyramids ±mP'n, with the limiting clinodome

mP'to alw^-3 completely formed, and therefore without the signs

± attached. From ooP arise orthoprisms ooP°)s and the ortho-

pinacoid ooP'co, and clinoprisms asVn and the clinopinacoii

osP'oo. In these signs the o or c attached to the P indicates that
the orthodiagonal (o) or clinodiagonal (c) axis has been multiplied.

Formerly the latter forms were enclosed in brackets, thus (mPoo

)

= »nPoo

.

The combinations of this systepi may be easily understood from
their resemblance to those of the right prismatic, the chief dilficulty

being in the occurrence of partial forms, which, however, closely

resemble the hemiliedral forms of the previous systems. A few

examples only need therefore be given.

Fig. 128.

f and

Fig. 129 represents a very common form of gypsum crystals,

ooP'co
, (P), 00 P(/), P(;). The most common form of augite is repre-

sented in fig. 130, with the sign co?(,M) , ooP-oo (r) , ooP'oo {l) , V{s).

Fig. 131. . .g. 132.

Fig. 1 31 is a crystal of common felspar or orthoclase, composed ofthe

clinopiuacoid ooP'co (j)/), the prism a>V{T), the basa) pinacoid

OP(P), and the hemidomes 2P°oo(i/); to which, in fig. 132 of the

same mineral, the hemipyramid P(ol and the clinodome 2P'oo (n\ are

added.

VI. Anorthic or Tridinic System.—This is the least Anorthic

regular system, and departs the most widely, indeed almost system,

absolutely, from symmetry of form. The axes are all

unequal, and inclined at angles none of which are right

angles,—so that, to determine any crystal, or series of forms,

the proportion of the axes a -.b : c, and also their angles,

or those of the inclination of the chief sections, must be

known. As in the previous systems, one axis is chosen as

the principal axis, and the two others diatinguifhed as the

macrodiagonal and brachydiagonal axes. In consequence

of the oblique position of the principal sections, this system

consists entirely of partial forms wholly independent of

each other, and each composed only of two parallel faces.

The complete pyramid is thus broken up into four distinct

quarter-pyramids, and the prism into two hemijirisms.

Each of these partial forms is thus nothing more thaii a

pair of parallel planes, and the various forms consequently

mere individual faces. This circumstance renders many
triclinic crystals very unsymmetrical in appearance.

Triclinic pyramids (fig. 133) are bounded by eight triangles whose

lateral edges lie in one plane. They
are equal and parallel two and two
to each other, each pair forming, as

just stated, a tetartopyramid or open
form, only limited by combination

with other forms, or, as we may sup-

pose, by the chief sections. The prisms

are again either vertical or inclined

;

the latter are named domes, and tlicir

section is alwaj's rhomboidal. In deriv-

ing the forms, the fundamental pyramid
is placed upright with its brachydiagonal

axis to the spectator, and the partial

forms designated, the two upper by 'P

and" P', the two lower by ,P and P^ as

in the figure. The further derivaficu

now follows as in the right "rij.m«tio system, with the modifica-

tions already mentioned.

Some combinations of tliij system, as the series exhibited by

most of the felspars, approach very near to the oblique ini^moic

system; whilst others, as cyaiiose and axinitc, show great inroiii-
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plctoness and want of Bymmetry. In tho latter case tho dctcrmina-

lion of tho forms U ofU'u aiUicult. In the albito crystal (figs.

134, 135) P is the basal pinacoid OP; M tho brachyaugoual

pinacoid afoo ; » tho upper right pyramid F; J tho right homi-

prism 00
P" • ?• tho left hemiprism ooT ; and x the hemidome 'P'a>

.

Figa 136 and 137 arc crystals of aiinite, the fom>er from Dauphmd,

Fig. 135

Fig. 134.

Fig. 136.

tho latter from Cornwall, of whoso faces the following is the de-

velopment :—r tho macropinacoid ooPoo ; P the left hemiprism

oo'P ; H the left upper quarter-pyramid 'P ; I the left upper quarter-

pyramid 2'P; »tho loft upper partial form of the macropyramid

S'PS ; and x the hemidome 2'P'oo

.

The Measurement of the Angles of Crystals.

The permanence of the angular dimensions of crystals

shows the importance of some accurate method of measur-

ing their angles,—that is, the inclination of two faces to

Oonlo- each other. Instruments for this purpose are called gonio-

meiers. meters.

Two have been specially used for this purpose—tho common or

contact goniometer, invented by Caringeau, and the reflecting

goniometer of AVoUaston The former is simply two brass rulers

turning on a common centre, between which the crj-stal is so placed

that its faces coincide with tho edges of tlio rulers, and the angle

is then measured on a graduated arc. This instrument is suffici-

ently accurate for many purposes and for largo crystals, but for

precise determination is far inferior to tho renectjng goniometer.

This rcquiroa smooth and oven faces, but these may be very small,

even the hundredth of an inch ; and, aa small crystals are generally
the most perfect, far pcater accuracy can bo attained.

Tho reflecting goniometer is represented in fig. 188. It con-
sists essentially of a graduated circle mm, divided on its edge
into twice 180 , or moro frequently into half.degrces, the minutes
being read off by the vernier hh. This circle turns on an axis

connected with tt, so that by turning tliis tho circle is moved
round, but it is stopped at 180°, when moring in one direction, by
a spring at k. The other part of the instrument is intended to attach
anil adjust the crystal to bo measured. The first axis of nun is

hollow, and a second axis, aa, passes through it from ss, so that
this and all the connected parts from J to / can bo turned without
moving tho circle mm. The axis d passes through a hole in he, so
that !t can turn tho arm de into any required position

; / is a
similar axis turning tho arm og, and pq a fourth axis, in likn

manner movable in g, and with a small knob at q, to which tho
crystal to be measured is attached.

When about to be used, the instrument should be placed on a table,

witli its base horizontal (which is readily done by the screws m it),

and opposite to a window at about 12 or 15 feet distance, so that
its axis shall be parallel to tho horizontal bars of tho window.
One of tho upper bars of tho window, and also tho lower bar, or,
instead of tho latter, a white line on tho floor or table parallel to
the window, bhould then bo chosen, in order to adjust the crystal.
Tho observer places himself behind tho instrument with the side a
at his right hand. Tho crystal is then attached to j by a pieco
of wax, with tho two faces to be measured upwards, ana the

edge of union of the faces, including the angle to bo measiircd, aa

nearly as possible in tho lino of aa. The eye being brought neat

to tho first face of the crystal, the axes aa and ;) are turned till the

ima"o of tho window is seen reflected in the face with the horizon-

tal and vertical bars in their position. The axis d is then turned

through a considerable angle

;say 60°), and the imago of

tho window again sought and

brought into its proper place

by turning tho axis/, without

moving/). When this is done

that face is brought into its

true position, noiinal to d, so

that no motion of d can dis-

arrange it. Hence the image

of tho window mny now bo

sought in the second face, and
brought into its true position,

with the horizontal bars seen

horizontal, by moving tho

axes d and a. When this is

dono the crj'stal is properly -^v

"adjusted." The angle is iy.

measured in tho following

manner. First bring tho zero

of tho circle and vernier to

coincide, and then turn tho

inner axis a or ss, and move
the eye till the im.igo of the

upper bar of the window re-

flected from tho more distant

face of the crystal coincides

with tho lower bar or hori-

zontal lino seen directly.

Keeping the eye in its place,

turn the other axis U till tho

reflected imago of the upper

bar in tho other face in like

manner coincides with the
Fig. 138.

lower line; the angle of the two faces is then read off on the

divided circle. Vs the angle measured is not directly that of th«

faces but of tho rays of light reflected from them, or the difl'er-

cnco between the aiigle wanted and 180°, the cii-cle has the degrees

numbered in the reverse direction, so as to give tho angle tvithout

the trouble of subtracting tho one from the other.

Tho apparatus figured is for adjusting the crystal, and :s an im-

provomeut suggested by Naumann. In the original instrument tho

axis fo was made to push in or out in a sheath, and had a small

brass plate, bent at light angles, inserted in a cleft at o, to which
the crystal was attached. The crystal was adjusted as formerly by
moving the plate, or tho axis fo, and by slight motion of the arm
de, which should be at right angles nearly to he when used. Avery
marked improvement is to have a small mirror fixed on the stand
below the crystal, with its faco parallel to the axis aa, and inclined

at 15° to tho window, when tho lower lino can be dispensed with,

and the instrument used for various other purposes of angular
measurement. JIany more perfect instruments have been intro-

duced for the purpose of insuring greater accuracy ; but the simple
instrument issuflicient for all purposes of determinative mineralogy,
and tho error from tho instrument will, in most cases, be less than
tho actual variations in the angles of the crystals.

Departure from Geometric Simplicity and Loss of
Regularity in Crystals.

Such departures may be regulated by law, or may result

from an undue operation of the force of accretion in certain

directions.

1. Regular Departuresfrom Simplicity.—There are three

varieties of this :—parallel groupings, twin forms, hemitrope
forms

Parallel Orouptngs.—A plurality of individuals are here
arranged either so that a line which joins their centres
becomes a prolongation of one or other of their crystallo-

graphic axes, or so that their axes are parallel.

Fig. 20 shows tho first, where cohesion sufEcient for stability
requires that tho minute octahcdra must mutually penetrate some-
whct into each other. Fig. 139 shows the same in baryte. If we
suppose octahcdra united, the upper left-hand faco of tho one
with the lower right-hand faco of tho other, there would bo
parallelism of their axes. Ec-entering angles would, in such
cases, prove a plurality of individuals, but if a number of cubes
were supoiimposed in similar position, no such angles would occur,
an elongated sciuare prism resulting; and such arrangements, 11
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Depcawd, are linear, or, with diminishing size in the individual,

acicular.

Ouple.T

orfstalt

Fig. 139. Fig. 140.

Twins and Eemitropes.—Though Closely related, formed

under the operation of very similar laws, and to a certain

extent passing into one another, these are not the same.

In the first case a plurality of individuals must be pi-esent

;

in the second this is not necessary. In fig. 140 two

individuals evidently intersect one another; in figs. 141,

142 one individual may be supposed to have been bisected

in a certain direction, and the two halves reattached, but

in a position differing in some definite manner from, their

relative position before the separation.

Fig. 141. Pig. 142.

Varieties There ar« four varieties of tme twins: those of apposition, of

of twins, intersection, of partial or completed interpenetration, and of in-

corporation.

The first is exemplified bjr^spinel, as in fig. 143 ; the second by
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Hemitrope crystals we may imagine as hnvine been formed from

• single ciystal, which has been cut into two hdves in a particular
direction, and one half turned round 180°, or 90', or 60°. The
line alwnt which the revolution is supposeil to take place is called
the "axis of revolution." From the amount of turn usually being
180*, Haiiy gave the name hemitrope. The position of the two

Fig. 154.

Lam of

hemi'

tropignL

^- 167. Fig. 156.
halves in this case resembles that of an object and its image in a

'^i!i!"''r'^
surface then would represent the pkne of reunion.

The foUowing are the laws of hemitropes. The axis of revolution
IS always a possible crystalloCTaphie line, -either an axis, a line
parallel to an axis, or a normal to a possible crystalline plane. The

A plane normal to the axis of revolution is called the
twin plane

; it is either an occurring or a possible
plane, and usually one of the more frequently re-
cun-ing planes. Both the axis and the twin plane

Tig- 153. Fig. 159.

bear the same relation to both halves of the crystal in their re-
versed positions

; consequently the parts of hemitrope crystals are
symmetrical with reference to the twin plane (except in triclinic
forms and some hemihcdial crystals). The face of comnosition
•very frequently coincides
•witn the twin piano ; when
not coinciding, the twin
plane and the face of com-
position are generally at right
angles to each other, so that
the composition face is

parallel to the axis of re-

volution. But in twins of
incorporation the surfaces of
compofiitioD have exercised
a disturbing influence on one
another, so that the surface
of union is exceedingly ir-

regular. Still in these cases
the axis and the plane of
twinning retain a definite

position
; but the face of composition, being no longer defined, is

useless as a determinant.
There are three modes in which the composition may take place

in hemitropes. These may bo explained by dividing .i crystal into
halves, with the plane of division vertical, and then turiiiug one of
the halves round.

Fig. lliO

Fig. 161.

1. One of the halves may be inverted, as if by revolution throngh
180° on a horizontal axis al right angUs to the plane of section, and
the two faces again united by the surfaces which were separated.

Here the surfaces of union are the original ones, but the base of

one of the halves has taken the
place of its summit. Examples :

selenite (fig. 161) and orthoelase.

2. One of the halves may be

turned round through 180", as if

by revolution on a horizontal axis,

parallel to the plane of section, and
the face opposite and parallel to

that of the plane of section—an

originally external face—may then

be applied to the other half. Here,

not only has the base of one-half

become a summit, but a lateral

and external face of the original

crystal has been thrust to its

centre so as to become a face of

internal union. E-xarople: labradorite (fig. 162).

3. Ono of the halves may be turned round through 180°, as if by
revolution ore a vertical axis, parallel to the plane of section, tha
external face opposite and parallel to the plane of section becoming
a face of union. Here, however, both the original summits retain

their position as summits. Example: orthoelase.

The fir:;t of these modes of composition may occur in each of the
systems, but it is not always ap])arent until disclosed by optica]

properties. The second is rare, and the third still more so.

In hemitrope crystals (less frequently in true twins) the
halves of the crystal are frequently reduced in thickness in the
direction of the ordinary twin axis ; and when there is a parallel

repetition of hemitropes, which frequently occurs, they are often
reduced to very thin plates, not the thickness of paper, giving to

the surface of the aggregate a striated structure and appearance.
In the cubic system the faces of jomposition, both of twinning Twins of

and of hemitropic revolution, are those of the cube, the dodecahed- cubic
ron, and the octahedron. systsmt,

In the first case we have the axes of the two crystals necessarily

in some cases parallel, or, more correctly, falling into one ; but, as

in this system all the axes are alike, or all the cubic faces similar,

composition may occur along or parallel to all alike, and double or
triple twins occur. TVe have examples in twins of the pentagonal
dodecahedron (fig. 163) made up by the interpenetration of a right

Fig. 163. Fig. 164.

and a left (-f and -), and of the tetrahedron, as seen in pyrito
and fahlerz respectively. In virtae of the position required by low 2,
it will be seen that the position of the solid which is common to
both intersecting crystals is in the twin of pyrite the four-facei
cube, which is the holohedral form of the pentagonal dodecahedron,
while in the case of the fahlerz twin (fig. 164), the common por-
tiju. is au octahedron, the holohedral form of the tetrahedron.

\

FiglSS- Fig. 168.

Twinning on an octahedral face is seen in the apposition twin of
spiuel (hg. 143), the tetrahcdral twin of blende (fig. 165), the inter-
penetrative octahedral twin of blende seen in fig 166, and the inter-
secting cubes of fluor (fig. 167).
This is also the usual twin face forhemitropes of the cubic system.
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It IS Been in fig. 168 of bltnde, where the two parts of the rhombic

dodecahedron are united by it' Magnetite, spinel, and diamond
twins arfl generally formed by the interpenctration of two rhombo.

hedrons, a + and a r- , the vertical axis being the axis of composi.

lion; aa In chabasite (fig. 176), cinnabar, levyne,.calcitc, &c. Some

times six or mnre.crvstals, united parallel to the prismatic jilanes.

Fig. 167 ^'^S- 163.

frequently occur in octahedral henutropea of the same comoosition

(Eg. 169).

This is also the face of composition for tetartohedral hemitropes.

Fig. 170 is that of-the diamond. Here six of the faces of the six-

fig. 169. Fig. 170.

faced octahedron, with six faces diagonally opposite, form a low

double six-sided pyramid (a portion of an octahedral face truncating

each) through an 180° revolution of one set of these. Garnet some-

times shows both twins and hemitropes of the dodecahedron, of

dodecahedral composition.

In the tetragonal system, twin crystals are very uncommon, hut

hemitropes frequent. With parallel axes they very seldom occur,

but are seen in chaloopyrite. When the axes are inclined, the

plane of union is usually one of tha faces of the primary pyramid

;

and, as these faces are all similar, composition may take place

simultaneously parallel to all. Very complicated forms hence result,

as seen in chalcopyrite and in cassiterita ^fig. 171)-

Fig. 171 F'S- 1'2-

In cassiterite the plane of union is frequently one of the faces of

the pyramid Poo , sometimes one of those faces that replace the

polar edges of P (figs. 172 173V From the bend the latter form

IS termed genioulated.

x^Y V-
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•ngonit«, cenusite, mispickel, and marcasite. In arr.gonito tlio
crystals are partly inUiptnetrating, and partly merely in juxta-
position, as in fig. 184, where the indiWduaU aro formed by the

130 aro in fig. 191 united so perfectly and symmetrically that tli»
lino of junction cannot bo observed on the clinopinacoid. The twt
hcinipyramids r(,s) (like-P(;) in the gTOsum crjst-J) form at one
end of the crystal a re-entering, at tho other a salient angle-

Fig. 182. Fig. 183.

combination «P(JO, ooPoo(A), Pco(*). lu fig. 185 several crystals
of the same combination form a series \rith parallel planes of union
tho inner memliers of v.hich are often so shortened that they form
mere films, which appear as striae on the faces too and oof«, of
the twin.

In fig. 186 four cr)-stals, each ofthe combination ooP 2P00 havinenmled in inclined planes, form a circular group, whic»- returns into

/
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is that the twin axis corresponds with that normal of the bracLy-

diagonal which is situated in the plane of the base. In pericline, a

variety of albite, these twins appear as in fig. 198, where the two
crystajs are united by
a face of the basal

pinacoid P, whilst

the faces of the two
brachypinacoids {M
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crystal or nrvdle, u happens in reO copper and pyritea Crystala
of »cioul«r pyrites occur at the Newton-Stewart lead-mine.
An octahedron flattened parallel to two of its faces in rednced to
Ubular crystal (fig. 210). If lengihtned in the same direction.

It takes the fonn
in lig. 211 ; or if

it is still further
lengthened, to the
obliteration of

two opposite octa-

hedrai faces, it

b^omes an acute
rhombohedron
(same figure).

Wheu an octa-

hedron i.i oxt^nd-
ed iuthedinction
of a line between
two opposite
.•dges, it has the
^neral form of

I rectangular
jctahedron ; and
Etill further ex-

tended, as in fig.

212, it is changed
to a rhombic
prism with dihe-

dral summits.
The figure repre-

sents this prism lying on its acute edge (spinel, fluor, magnetite).
Of do. The dodecahedron when lengthened in the direction of the up-
deca- right aiis becomes a square prism with pyramidal summits (fig.

bedron. 213) ; and when shortened along the same axis it is reduced to a
square octahedron with tnncatcd basal angles (fig. 214). Both

result in the obliteration of these summit faces, and m the produc-
tion of a perfect double octagoual pyramid (fig. 219).- The first

of these dislortio is exceedingly common in analcimo and not

Fig. 212.

F'S- 213. Fig. 21i. Fig. 215.

these forms ar« modifications of the square prism; the fiist mode
of distortion is common in garnet, rendering it liable to bo con-
sidered zircon ; the second is seen in eiJome, when it might be titeu

FiK- 216. Fig. 217.
for stannite. When the first of these forma is flattened, as in Se. 215
it resembles a form of stilbite.

When a dodecahedron again is lengthened along a diagonal
between the obtuse solid angles, it becomes
a six-sided prism wieh trihedral summits,
as in fig. 216; and when shortened in the
aine- direction, it becomes a rhombohedron
which has its six acute angles truncated
(fig. 217). In the first

case, a crystal of green
garnet or uwarowito
would resemble dio|>tasc

;

in the latter, colourless

garnet would resemble,
calcite.

The trapezohedron is

exceedingly subject to
distortions which fre-

quently disguise it much.
When elongated in the
direction of .tho upright F'g. 218. ,^. ^,„_
axis it becomes a double eight-sided pyramid with four-sided
•ummils (fig. 218) ; a further elongation along the same axis would

ig. 219.

Fig. 220.

uncommon in garnet ; the latter rarely occurs in analcime. Length-
ened along an octahedral axis it becomes fig. 220; shortened along
the same it becomes %. 221. Both are seen in analcime.

Fig. 223. Fig. 222.

When tne tetralcishexahedron is lengthened along a single octa- Ofteti*hedral axjs it assumes the forni of fig. 222 ; stiU further elongated, Wshe^mth obliteration of one half of its planes, it becomes a scalene do- h^^decahedron, resembling the "dog tooth" form
neoron.

of calcite (fig. 223) Fig. 224 is a hemihedron of
this form, produced by shortening along an
octahedral axis, with obliteration of all the
planes which do not touch the Doles o'that axis.

In the case of modi-
fied crystals of this
system the distortions
are more complex.
Fig. 225 represents a
crystal of cinnamon-
stone from Aberdeen-
shire ; it is a combina-
tion of the dodecahe-
dron and the trapezo-
hedron. Only four
dodecahedral faces re-

main (d), and those Fig. 224. Fig. 225.
of the trapezohedron («) are of unequal size. It may he best

nf flf 01°, ^ regOTding it as fig. 218 with the four vertical faces
01 lg-^213 • so that It combines the distortions of both of these

,,i??'A'^ ",!
diamond are very frequently distorted, though gene-

i-aUy through curvatures of their faces.
« 6 6 '

Imperfections in the Surfaces of Crystals.

Of these the most important are striae, caverns, anri
curvatures.

,,i:.f
""''"' ,'?"/'^«--'nie paraOel furrows on the surfaces olcrystaU are called stria, and such surfaces are said to be striated

Tl,„!fT.1 ^ "?. " '*^**"^ ^'^'"^'' ^ enclosed by two narrow plaups.These planes often correspond in position to a secondary or totheprimary planes of tho crj-stal, an/ wo may suppose the^ ridges to

causes whicr^''^ ^^'''f
°=""'''*'°" ^ '^' °P^^^«°° of tl'o^

IZl '"'^'='». K"™ "se, when acting uninterruptedly, to lar<rei..lanes By this moans the surfaces of a crystal a-e marked S
ih.™lfr' ""!' ''.^"^o^^sion of narrow planes, meetog at m.^l^s

nrlZfll Vhf""°^ •'"'?
==^f°''

'^d constituting the radges

of a^rfi; hiW T'""'*,"'"
"^ '','^<'""' Pl'^"'^ ^ theiormatioD

01 a surlaco has been termed an osciUation of faces.

„hH« „!f
°^.P>'"t«^ "0 fioucrally striated in such a way that tho.S^ IXifni' "."/' "Sht angles to one another Iheselines are parallel to tho intersections of the primary faces with ch9

&ft^rterlnf'?r' ^f'^'^'^^^^r'
""^'^ "S mostrommou

hTbetwJn fV„ „ *'y have evidently resulted from an oscilla-non between the primary and this secondary form,ine rhombic dodecahedron is often stnated parallel either with the
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sdges, or mih the longer or the shorter diagonal of its faces. Ini the

first case, seen in garnet (fig. 226), there is a passage into the six-

faced octahedron ; the second results from an oscillatory combination

of the dodecahedron with the regular octahedron, aa in magnetite;

and the last with the cube, as in aplome.

tlhombohedrons of chabasite are often striated parallel to the

Fig. 226. Fig. 227

terminal edges (fig. 227;, indicating.an oscillatory combination be-

tween the primary faces and a secondary plane which bevels these

edges.

Striation of faces is more frequent in the rhombohedral system
than in any of the others. Horizontal striae are of almost invariable

occurrence in the prismatic

faces of quartz, whatever be the

fonn of the cvystal. The oscil-

lation hero has taken place

between the pyramidal and the

prismatic faces (figs. 228, 229,

230). During its growth there

seems to have been a con-

tinued effort to complete the

crystal by the assumption of

the terminal planes,—which
effort was intermittently over- Fig. 228. Fig. 229. Pig. 230.

come by a preponderating one to continue the deposition of matter

along its main axis. Quartz crystals, from these alternate efforts,

often taper to a point, without having any regular pyramidal face.

Tho lateral planes of prisma of tourmaline are very frequently

convex, owing to oscillation between several lateral faces. In aU
such cases the interfacial angles cannot be determined, as they are

lost in the rounding.

The striations on the lateral faces of foliated minerals are merely

the edges of laminae. Examples ; mica and gypsum.
2. Cavernous Crystals.—Crystals not unfrequently occur with a

deep pyramidal depression ^occupying the place of each plane, as is

often observed in common salt, galena (fig. 21), and sulphur. In

the solution of crystals through atmospheric exposure, an approach

to the same form is sometimes obtained, owing to the fact that the

centres of tho faces yield sooner than the edges and angles. Crystals

of redruthite are often thus cavernous. Sometimes octahedrons

occur with a triangular cavity, in nlace of each face (fig. 22). The
same is met with in other forms,

3. Curved Surfaces. —Curved surfaces somenmes result from the

oscillatory combination already noticed. Otners result from a

curvature in the laminae constituting the crystal Crystals of

diamond have convex faces, and are sometimes almost spheres.

This mode of curvature, in which all the faces are equally convex,

is less common than that in which a convex surface is opposite and

parallel to a corresponding concave surface. Rhombohedrons of

spathic iron and pearl spar are usually thus curved, as is shown

in fig. 231. The saddle-shaped crvstals of the same mineral (fig.

Fig. 231. Fig. 232

232) are remarkable instances of several reversed curvatures in the

same face. A singular curvature is. shown in fig. 233, of calcite.

The conical crystals of brown zinc blende, and the lenticular. and
conical cryst.ils of gypsum, are other examples. Ciystals of

quartz are sometimes curved and twisted. When this takes jilace

llj—15

in the left-handed and right-handed crystals, the twist is to the

right or left according as the crystal is right- or left-handed.

The surfaces of crystals are frequently far from flat, on account of

fracture, with dislocation of the several fragments, occasioned by

motion in the enclosing rock, the material of which js forced, or it

may be transfused, into the rents. The tourmalines- and beryls (fig-

234) which occur in granitic dykes are very subject to this, the frag-

ments being often bent as well as displaced. ' A more or less simul-

taneous effort in the crystallization of two substances may produw

a structure with the external form of one, the interior of which

exhibits imbedded crystals of the other, more or less perfect in

their development. In pegmatite or graphic granite, rude crystals

of felspar contain skeleton forms of quartz, of which generally only

one side of the prism and two of the pyramid occur, forming a rude

lettering. Similar hollow quartz forms occur imbedded in garnet,

radiating from its centre (fig. 236), and roughening its surface from

protrusion, without distorting its form. Totally imbedded micro-

scopic crystals, "microliths," are, as in the latter cases, chemi-

Fig. 233.

Fig. 23£

Fig. 234. Fig. 236.

cally non-assimilable. These are irequentiy arranged in layers U)

the including crystal, as in augite and leucite. When there ia

a certain amount of chemical resemblance there may occur a

definiteness in the arrangement ; and if the enclosed substance

crystallizes in a system differing from that ef the mineral which

includes it, the angles of the latter axe more or less distorted. This

is the .case in "microcline," where the intrusion of a plagioclastic

felspar causes some departure from the rectangularily of orthoclase.

Foreign amorphous matter caught up or attaching itself to the

surfaces of a crystal, during the process of its growth, causes lines of

feeble cohesion,—as in the case of capped crystals of quartz. Here

an occasional selectiveness in the sets of faces to which the foreign

matter adheres seems to indicate that it has been to some eSten)

under the influence of a polarity in its aijiesion. Something of the

same kind seems to have influenced the arrangement of the quarts

grains canght up during the formation of the crystal of garnet

shown in lig. 236. The perfect modelling of rock crystals is,

however, but little interfered with by the almost numberlest

substances which they contain.

Aggregation of Crystals.

Crystalline aggregates which pass into amorphous masses

may, in their more marked or Derfect form, be assi^ed to an

imperfect twinning.

Crystals are often grouped in linear series, as in native

copper and silver, and thus constitute long threads or re-

ticulations. In clustered crystals those adjoining each other

are generally parallel in position, and are united by a

plane parallel to one of the principal sections, or to planes of

common occurrence. Senarmont mentions a union in galeiia,
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parallel to the octahedral facoa, as common : and he also

deiicribea an instance where the anion was parallel to the

ParaUel-

tan in

crysUl

SrowUi.

plane 3|.

The positioaa of crystals on tho snpporting rock seem at first

tu be without «ny regularity. But by closer inspection we detect
eren here the same law of harmony that governs the formation of
the simple and compound crj'stal. The Turious positions assumed
oorreapaud generally with tho more common kinds of composition
in twin crybtals. This regularity is not always manifest on account
of the Qorreoness of tho turfaco nn which they rest In general,
however, on (jlancing over a surface covered with crystals, a
raH>-xi»n from one face will ba accompani'id vith reflexions from
the eurresnonding face in eaih of the other crystals, showing that
the rryitaU are similarly positioned ^''roughout.
This tendency to parallelism in tho positions of associated

crystals ir apparent even in crj'stallino aggregates. In granite,
for xurnple, wlriuh is composed of felspar, quartz, and mien, tho
(el<pai crystalluations have usually a common position ; that is,

U>e 'orrosnonding extremities Jie in tho same direction, or nearlya On tbis account granite is cloavable in one direction more
easily than in others, and this direction is that of the perfect
doavap plane of the felspar ; tho second less perfect cleavage of
the felspar permits of fracture of the rock nearly at right angles to
the firit

; but, as there ia no such third cleavage in the felspar, the
workman, in fashioning the blocks of granite for paving stones, is
compelled to chip or dress them off in the third direction.
The dominant action of polarity may, moreover, give a paralkl

position to the main axes of diflerent minerals belonging to the
same system, whoc crystallizing in association, and even to those
which belong to diflerent systems.
Fig. 237 is an illustration of the first

of such cases, where a crystal of zircon
is implanted into a crj-stal of xenotimo,
and has its main axis identically in
the same line. As illustrations of the
Utter—a parallel position of the axes
of crystals of different systems—there
are records of such association in
crystals of cyauite and staiirolite, of
mnscovite and haughtomte, of albito
»nd orthoclase. The same has been
observed between crystals of rutile
»nd specular iron,—the crystals of
mtile m this case having the vertical
•lis in the direction of a lateral axis
of the specular iron Haidinger has observed pyroxene and hornblende crystals associated in pwallol positions
A pnsm of caicito terminating in the planes a (fig. 106) has beenobserved in which each plane was covered with small crystals ofouartz all lying svmmetricaUy, with their pyramids pointin^towards

file summit of tie calcite crystal. When one mineral is chZed
nated In ^h"'

" P"''"'^ "^ "'"="'"' " '^^ °"<^° »«en to have domi

crntd|:f:rbrr ^ri:;^^ :?xtfr m^a „

:^gin"al c^^t'r/cli^Z
"" ''" ^^-"^ 0^ t-^-ain^^Ttt

Im^mlar Trreffular Aggrtgation of Cryrfa/s.—Besides the recrularV.-- nmons now described, cry.^tals are often aggregated inK"- pecuhar ways, to which no fixed laws can be ffsigfed
Thus some crystals, apparently simple, are comnosed of pnn.=„tnc crusts or sheUs. wh%. may'bo re^moved on7af er theTthe/

^:r l3%Vcrmt;:r,trJ;^?.L^^;,",:^ -^^^

ypar, and calcspar, disclo'se a sSr^tr^Ca'bt baS of"d]7

^t^Xth^«^-:i---lS^

-

crysuls, as they may be called, aro^^e^rjrmmont c^a!^-! "°

Form>of Crystalline Aggregatn.-Cry^i^\^ have oftenbeen produced under conditions preventing the free dtvelopment of their forms; and, according I the d^^cction

t^T^^'Z ;''-^\''° development hL been cheoSthey may be divided into "columnar" and "lamellar"
ftrittngemonts.

lameuar

from cloSely adjacent centres of support, so that, while the crystals
were free to elongate themselves in iho direction of their main axis,

Fig. 237.

, :— "cv". ^.^•iiovitvo 111 Liiu uiiccLiuu ui tiioir main axis,
their mcrcaso was restrained laterally, by their impact upon- one
another. M'hen the surfaces of support aro level, or consist of
the opposing sides of a vein, the columns or fibres, frequently
exceedingly dehcate, are parallel, and not unfrequently they then
have a silky lustre. In the latter of the above circumstances the
fibres are disposed transversely to the vein. Examples : gypsum,
chrysotile, satin-spar. When the surface of supportjs rough, or has
angular projections, the fibres radiate from certain of -these in all
directions, producing, in a thin vein, a starlike form, whence the
arrangement IS called "stellular." E.xample : wavellite. When this
takes jilace in an open cavity, producing brush-like forms, they are
termed "radiant." Examples : antimonite, necdlestone. When the
points of divergent growth are so positioned that the radiatina
groups interlace with one another, the structure is said to be
reticulated, " from its resemblance to a net. Example : tremoUteWhen nidividual members of such fibrous structure project above

the general surface with acuminated extremities, they are said to be
acicular

;
when the protruding columns are of uniform thickness

they are termed " bacillary," or rod-like. Such terms as straight
curved twi^ted-columnar, diverging, or confused-fibrous evplaiil
themselves. Such fibrous arrangements as the above may occur
imbedded centraUy in a rock mass, which had been the magma
out of which they were formed; or they may line the inner surface
of cavities^ filled originally either with water or aqueous vapour
these modes of occurrence have been distinguished by Mobs as
crystal groups and druses. The former includes all' unions of im-
bedded crystals round a central nu.leus; the latter those of crystals
of simultaneous or regularly successive gro^vth on a common
support. lathe first case, thero may be spheroidal, ellipsoidal cocks-
comb, or other forms, frequently seen in marcasite, pyrite and
gypsum. In the second, spheroidal forms aro less rare but are
seen in the case of several of the fibrous zeolites. In sich cases
surfaces more or less rough are coated, and diminished in angularity
through the hemispherical forms produced by the radiation of amultitude of fibres. Certain imitative outlines thus result from the
successive deposition of layers of these crystals. These forms oruniting inasses are termed "globular" when neariy spherical, "botry:

wb!, 'f^^''^^^ ^"-^'^^^ of grapes, " reniform " or kidne -shapedwhen the spheres are larger, more courtuent, and less distinct andmammdlated " when the masses are nearer to hemispheres. Mesohteoccurs rn globular forms; prehnite in botrvoidal; ha,maHte and

n'alllhe^ainvT'^"™,!, ^"f
^^^^"'^ ""'* ^^J^"'"'^ '» mammillated

ilnfi ir fi^
'^'' ""' t'-"-''''"-^'' fracture of such structures dis-closes the fibrous arrangement of the parts ; but, if the growth hi,been intermittent lines of deposit, concentric with the central

Fracture or separation frequently takes place, also, along such lines^

iLr a . r^
cavities-termed "geodes" when they afe ^cuW-after a certain number of such lines of deposit, grouped arrai,£rements which have somewhat more of free"^ iystallTne rveSfntmay assume other imitative forms in which there i., a ceSa°a

cerd'^"The?ea?:tb'''''"°rt'°
character of the mineralcr

fn^f.^' "^"^ *''"', P^duced coralloidal or coral-like groupsfruticose or cauUflower-lite groups, capillary or hair-like afdfi^i'form or thread-hke or wire-like firms. ^
Often these grou^s^xpani

LT7f f'r""°''='
^""^ P^o'I"'^^ arborescent, dendrTr^plumosV

termed " tabuli" when the pSf'''
1''%'^^' "' '"""• 1' ^

"lenticular" when thevL,I- ^ " ",'''' °^ uniform thickness,

when sW on one edge ..scX":V''%fS-,. "wedge-shaped"
small, "foSaceous"whe„I„r^^,^^ '":? *" P'^'^= "« ^^^^ ^°^
is also used to Sribe tWs k nd o^.t^l'^ ''P'l'"'''^--

" "i'^*""'""

lamellar and strai-Iit lamellar Woll r'. ^* T^ "1'° ^' """"'
is called tabular sC- t™lnm .

" °'
^""l"",'

^^"'^ ^^^ lamellar.

Lamellar mineraTs whfn^ ad^a n^''?"™*'^
lenticular, talc scaly,

shaped, wheel -like almond .W?^ from a centre often form fnn-

exertin" itself alone all rt^ 1
f°'™ of crystallization has been

crystallLing ceo res there l/r= ''"'u'^'""'
*^« multiplicity of

no single imi "duals Imv.h
''"'' ^'^'^ '""'"''l interferlnco that

characteristic f^ls Tho par^w"^'"
'" "'^"1'" P'^-'''""^' "' "'"

much in size, men coaL"^ ,h
'' '" ",

^'''"."''"' ^t™*^*"™ '''«'«

granular
; when W fi° !f!'

*'''- '^'"'="'1 "^ described as coarsely
the naked eye the s'tructl^i??"'" ',

'•' "",' distinguishable By
the first may be observedTn t""i'"" ""f

"'r^We. Examples o{
3 oe ooserved m granular carbonate of lime, of the
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WMmd In some varieties of specular iron, of the last in chalcedony,

opal,. and other species.

The above terms are indefinite, but of necessity, as there is

every degree of fineness of structure in the mineral species; from

perfectly impalpable, through all possible shades, to the coarsest

granular. The term phanero-crystalline has been used for varieties

m which the grains are distinct, and crypto-crystalline for those

in which they are not discernible without the aid of a lens.

Granular minerals, when easily crumbled in the fingers, are said to

be friable.

The minute or crypto-crystaliino minerals form aggregates some-

what similar to the above. When globular or oolitic, the minute
crystals often appear to radiate from a centre, or form concentric

crusts. These are x)fteu globular or nodular; as in dolomite. Some,

what similar are the stalactites and stalagmites, in which the

mineral (especially rock-salt, calcspar, malachite, haematite,

limonite) has been deposited from a fluid dropping slowly from

some overhanging body, or some rent in the roof of a cave. In

this case there is generally found a long pendent cylinder or cone,

the principal axis of which, generally hollow, is vertical, whilst

the marginal parts are arranged at right angles to it, except where

they curve round the termination of the tube, when they become
hemispherical.

By far the largest masses of the mineral kingdom have, however,

been produced under conditions in which a free development of their

forma was excluded, and are termed amorphous. This has been the

case with the greater portion of the minerals composing rocks or

filling veins and dykes. Tbe structure of these masses on the large

scale belongs to geology, but some varieties of the textures, visible

in hand specimens, may be noticed. The individual grains or

masses have seldom any regular form, but appear round, long, or

flat, according to circumstances, and as each has been more or less

checked in the process of formation. Even then, however, a certain

regularity in ,tne position of the parts is often observable, as in

graphic granite, where the axes of the sLeleton crystals of qnarlz
are parallel. The rock is termed massive when the graiua which
form it are small, or granular when fhey are longer and mor6 dis-

tinct. Sometimes the rock becomes slaty, dividing into thin
plates ; or concretionary, forming roundish masses ; at other times
the interposition of some foreign substance (gas or ~vapour) has
rondered.it porous, cellular, or vesicular, giving xise to drusy
cavities. These cavities are often empty, but have occasionally

been more or less filled by products of change in the rock. It is

named amygdaloidal when the cavities so filled have the form of

tu almond..

Changes of Crystallirve IStructwe.

" Pseudomorphs " are minerals which appear under a
form of crystallization which does not bel6ng to the

species. They may he recognized either by their having
no cleavage, which is most usual, or by their cleavage

being altogether different in direction from that of the
mineral imitated. Generally they have rounded angles,

rough and dull surfaces, and when broken show a grantilar

structute. The faces of the crystal, moreover, are often

covered with minute crystals of a form different from that

of the mineral imitated, but which is that belonging to the

substance now present. Occasionally the resemblance to'

real crystals is so perfect, from the perfect polish of the
faces, that they are distinguished with difficulty. They
may be frequently found stiU undergoing change.

Pseudomorphs have been classed under four heads:

—

1. Pseudomorphs by Alteration.—Formed by a gradual change of
composition in a species. Of these there are two varieties: they
may be pseudomorphous by loss of an ingredient, or by addition of
an ingredient ; change of augite to steatite is an example of the
fii'st, and of galena into anglesite is one of the second.

2. Pseudomorphs by Substitution.—Those formed by the replace-
ment of a mineral which has been removed, or is gradually under-
going removal; e.g., galena takes the form of pyroraorphife.

3. Pseudomorphs by Incrustation.—Those formed through the
incrustation of a crystal, which may be subsequently dissolved away.
Often the cavity is afterwards fUled by infiltration: e.a.\ chancre of
fluor to qoartz.

4. Pseudomorphs ty Paraniorphism.—Those formed when a
mineral passes from one dimorphous state to another ; eg., change
of aragonite to calcite.

These different kinds of change are not always distinguishable.
In some cases a change may take place through alteration of the
surface, and then, thi? process ceasing, the interior may be dis-
solved out, leaving a pseudomorph like one of incrustation , or a
iweudomorph that appears to be a result of mere chemical altera-
tion may he wholly due to substitution simply.

Again, changes of scapolite to a felspar, and of angite to nralite
(hornblende), have been considered by Scheerer examples of
paramorphisra,—scapolite being considered dimorphous with soma
felspars, and augite with hornblende, iiut. while such paramorphi*
changes undoubtedly take place with aragonite, their occurrence itt

these silicatcs^which are common associates in the same rocfc. and
must have been formed under like circumstances—is hardly prob»
able.

Where mineral bodies have taken the form of organisms, it iff

more a case of molecular replacement than of true pseudomorphism.
Pseudomorphism should be understood, however, to consist, iiot

simply in alteration of crystals, but in many instances of change'
in. beds of rock. Thus all serpentine, whether in mountain maesei
or in simple crystals, has been formed through a process of peudo
morphism—or, iu tnore general language, of metamorpbism-^o
olivine and augite. The same is true of other magnesian rocks, a
steatitic, talcose, and chlorite slates. The crysuSline rocks ofter
offer examples of a change similar in nature. The graphite of thes*
rocks is probably but a metamorph of some vegetable organism.
Thus the subject of metamorphism, as it bears on all crystalline
rocks, and that of pseudomorphism, are but branches of one system
of phenomena ; the chemistry of both is the same, and a knowledge
of such changes is indispensable to a study of .the older rook strata
of the earth.

The common change of pyrites, forming the main ingredient of
the upper part of metallio lodes, to earthy red or brown iron ore,
thus producing the "gossan" of miners, is one of many .examples
of these processes now in progress. Often the gossan contains dis-

seminated silver or gold, derived from the decomposed ores. Thi3
is & case of pseudomorphism, as truly as when a simple crystal of
pyrites becomea limonite ; the mode of change and its laws are
the same. Again, phosphates,
vanadiates, and arson iates

of lead, kc, as well as car-

bonates and sulphates, are
among the surface species,

or those that occupy the
upper part of metallic lodes

;

they are the results of altera-

tion within those deptha to
which atmospheric agencies
petietrate. .

Pseudomorphs are dlwaya
records of past existenoes, in
some cases they may be the
only evidence we pgssess of
such prior existence. Figs.

238, 239 are pseudomorphs
of quartz or homstone after

datnolite ; the measured
angles of these crystals show
that the imitated crystkl was
datholite ; but that mineral
does not now occur in crystals

of either of these forms.

The process of petrification

of organic bodies is in reality

a species of pseudomorphio
formation, and has been pro-
duced in all tbe above modes.
External and internal casts of organic bodies are not uncom-
mon. In other cases the original substance has been replaced
by some mineral which has preserved, not merely the external
form, but even the minutest detail of internal structure,—so that
the different kinds of wood have been distinguished in their silici-

fied trunks, fhe most common petrifying substaiices are silica

and carbonate of lime. In encrinites, echinites, belemniteS, and
other fossils, the crystals of calc-spar often occur in very regular
positions. In some varieties of petrified wood both thie ligneous
structure and the cleavage of the calc-spar are observable.

Different from the above are mineralized bodies, in which the
original structure is still retained, but their chemical nature
partially changed. In these a complete series may be often traced,

as from wood or peat, through the varieties of brown coal,

common coal, anthracite, and graphite.

Causes of Change.—The causes of change are the

simplest and most universal operations about us :—(1) the

process of gradual alteration to which some substances are

liable on account of the presence of oxygen and carbotiic

acid in the atmosphere, and the reaction of substances thus

formed on adjacent mgredients, aided or promoted by
electrical currents or by heat

; (2) the solvent power of

ordinary waters, cold or hot, or of steam
; (3) reactions,

in accordance with chemical principles, of the ingredients

Fig. 239.
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dissolved in these waters, or in mineral or sea waters, heated

or at the ordinary temperature ; (-1) the action of gases ex-

'daling from the earth : (5) changes referable to volcanic

action.

Onliuary watera hold in solution, as is well Vnown, more or less

«f mineral matter. When «iter containing carbonic acid is jiasscd

through a largo number of orJinarily occuiring minerals, it gives

evidence of the presence of nn alkali, or lime, or magnesia ; and

•ome of these minerals give the tests oveu nitli the first drops.

Pure water gives with iiinnj of them a similar i-csult, but more

•lowly. Limestone in forty-light hours yields soluble ingredients

to the extent of 04 to 1 per cent, of the whole mass. Tlie lime,

magnesia, and alkalies appear in the condition of carbonates : and

the iron passes from tnc state of carbonate to that of pero.xide

daring evaporation. The silicates of magnesia, lime, and ni.nn-

nnese arj espcci;illy ready in yielding to this action. Silica,

owever, is more soluble in ordinary lliau in carbonated water.

These facts illustrate two important points :—(1) that ordinary

waters lying npon and filtering through th>' earth's crust are

constantly active in dissolving and decomposing minerals and
rocks, and that even species reputed indestructible are thus acted

upon ; and (2) that the waters are thus furnishing themselves with

agents capable of effecting other chemic.il changes. These waters

penetrate all rocks, as well as percolate through soils. Hence the

action is a universal one, everywhere going on ; and the results are

anirersal. Bones, shells, corals, and animal remains generally

are also sources of carbonate of lime, phosphates, and fluorides
;

and plants may contribute also potash and soda, and sometimes
silica.

Carbonic acid is a constant ingredient of the atmosphere, and is

uissolved by the rains as they descend ; hence this active de-

composing agent is present in all ordinaiy waters; but it is also

a result of different mineral changes. Sulphate of ii'on along
with vegetable matters gives oxygen to the carbon of the vegetable
matter, and thus produces carbonic acid and pyrites or sulphuret
of iron ; and the large quantities of pjTites in coal-beds show on
how grand a scale this process has taken place. Sulphate of zinc
in a similar manner frounces carbonic acid and blende or sulphuret
of rinc; Bischof observes that the carbonic acid which has thus
been eliminated must have been sufficient in quantity to make an
atmosphere of carbonic acid equal in height to our present atmo-
sphere. Again, decomposition of sulphurets produces sulphuretted
hydrogen

j this by the oxidating action of the atmosphere forms
sulphuric acid, and the sulphuric acid acting on limestone produces
gypsum, and liberates carbonic acid. Sulphurous acia is also
generated in the neighbourhood of volcanoes, and rapidly becomes
sulphuric acid, with the same result. Moreover, silica in waters, if

aided by heat, will decompose limestone and liberate carbonic acid.
Hence it is that this gas is exceedingly common in exhalations from
mineral springs ; indeed it occurs more or less in all waters.
The dissolving and decomposing action of carbonated waters is

therefore general The sea also partakes of this character, and, in
virtue of the numerous, salts whion it holds dissolved, is a powerful
agent in carrying on the changes to which the process leads. Such
changes and the various pseudomorphs to which they give rise have
to bo regarded as types and evidences of vast metamorphic transfor-
mations,—processes cither of decay or of reformation which have
modified widespread rock-masses, and which are at the present
time altering the stracture of the crust of tho earth. It is through
study of pseudomorphs, and of the processes which have gone to

form them, that mineralogy is to become tho germ from which
alono the petrological department of geology can Have its true
development, and become a living Instead of a merely speculativ*
science.

Physical Peopebties of Mutekais.

Characters Depending on LigM.

There are few more interesting departments of science

than the relations of mineral bodies to light, and the modi-
fications which it undergoes either when passing through
theta or whpQ reflected .Vom their surface In this place,

however, we only notice these phenomena so far as they
(toint out distinctions in the internal constitution of minerals,

or furnish characters for distinguishing one species from
another.

Lustre.—Though the varieties of lustre admit of no precise

or mathematical determination, they are of considerable

value in mineralpgy. One highly important distihction

founded op them is that between minerals of metallic and
non-metallic aspect or character. Transparency and opacity

nearly coincide with this division,—tho nietallio minerals

beinp almost' constantly opaque, the non-metallic more or

less transparent. Minerals which are perfectly opaque,

and show the peculiar brilliancy and opacity of surface of

polished metals, are named metallic ; those w hich possess

these properties in an inferior degree are scmi-mctaiiic;

and those without these properties are nou-iuetallic.

Lnstre has reference to either the intensity oi the quality of tlio

reflected light, considered as distinct from colour. Seveial degiees

in intensity have been named :—(1) splendent, when a mineral

reflects light so perfectly as to be visible at a great distancf, and

lively and well-defined images are formed in its faces, as galena,

specular iron, or cassiterite
; (2) shining, when tho rCfleetcd light

is weak, and only forms indistinct and cloudy images, as liovy

spar or calcito
; (3) glistening, when tho reflected light is so feeble

as not to bo observable at a greater distance than arm's length, and

no longer forms an image, as talc ; (4) glimmering, when' the

mineral held near the eye in full clear daylight presents only a

number ol small shining points, as red h.-cmatito and granular

limestone. When, as iu chalk or kaolin, the lustre is so feeble as to

be indiscernible, tho mineral is said to be dull.

In regard to the kind or quality of the lustre, tho following

varieties are distinguished :— (1) the metallic, seen in much per-

fection in native metals and their compounds with sulphur, and
imperfectly in glance coal

; (2) adamantine, found in beautiful per-

fection in the diamond, and in some varieties of blende and
cerussite ; a modification is metallic adamantine, as seen in wolfram
and black cerussite

; (3) vitreous or glassy, seen in rock crystal, or

common glass, or, inclining ^to adamantine, iu flint glass; sub-

vitreous is seen in broken calcite
; (4) resinous, when the body

appears as if smeared with oil, as in pitchstone, blende, and
garnet

; (5) waxy, like beeswax, as seen in wax-opal and ozocerite
;

(6) pearly, like mother-of-pearl, seen in gyrolitc, talc, heulandite
;

(7) silky, the glimmering lustre seen on fine fibrous aggregates like

amianthus, tremolite, chrysotile, krokidolite.

These degrees and kinds of lustre are generally exhibited differ-

ently by unlike faces of the same crystal, but always similarly by
like faces. The lateral facps of a right square prism may thus
differ in lustre from that of a terminal face. Thus the lustre of the
lateral faces of apophyllite is vitreous, while that of the terminal,

at right angles thereto, is pearly ; chrysotile is silky when split

along the fibres, dull when at right angles to them.
The surface of a cleavage plane, in foliated minerals, generally

differs in lust*o from the sides ; and here again in some cases the
latter are vitreous, while the former is pearly, as in heulandite.

As shown by Haidinger, only the vitreous, adamantine, and
metallic lustres belong to'faces perfectly smooth and pure. In the
iirst, the index of refraction of the mineral is 1 '3 to 1 'S ; in the
second, I '9 to 2'5

; in the third, above 2-5. The pearly lustre is a
result of reflexion from numberless lamella?, or cleavage planes,

within a translucent mineral; and in hj-drated minerals, as in the
zeolites, it is the result of incipient change,—namely, a loss of water
which ensues upon exposure lo the atmosphere.

Colour.—This is a property which is of very inferior Colon
value. Minerals are so seldom, if ever, absolutely pure
that very minute quantities of an intensely coloured
impurity may impart colour to a substance inherently

colourless, or overpower a feebler colour which may be
its own.

Some few minerals have colour so strong, or have a constitution
so little susceptible of intermixture, that they retain almost unim-

E
aired the colour special to them. Sucji a substance is pjTite ; its

rass-ycUow colour maybe heightened to gold -yellow by intermixture
>vith copper sulphide, or it may be slightly bleached by arsenic ; but
the nature of its composition does not admit of the intrusion of ordi-
nary colouring ingrctlients. The yellow of native gold, again, may be
paled by impoverishment with tho white of silver, down to the dull
tint of clectrum ; but no foreign colouring piatter can intrude itself

into a metallic mass. Such substances as these, ^native metals,
sulphides, and oxides,—have colours essential to them, dependent
on their constitution, and to a great extent characteristic of the
species.

A second class of minerals are colourless of themselves, and thus
very subject to tho influence of minute quantities of foreign tinc-
torial impurity. These are absolutely transparent and devoid of
colour when in crystals, but white and opaque when reduced to
powder

; as ice and snow, calcite and chalk, rock-crystal and
sand. But such substances ar6 generally coloured ;

" muddied " it

would be c.iJlod in tho first case, though it is equally so with the
otliera. Such false colour may bo imparted in several ways. It
may bo (1) from their holding dissolved some colouring matter

; (2)
from mechanical mixture of colouring substances such as metallic
oxides, or minute crystals {" endomorphs ") of another mineral ; or
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<S) from chemical replacement,—the substitution of a smaller or

largei quantity of a coloured isomorphous ingredient.

As illustration of the first, silica, colourless in rock-i.rystal, has

been found of almost every tint, due frequently to volatile hydrocar-

bons which are dissipated by heat. Fluorite also, found of almost

every shade of every colour, may possibly be to a certain extent

referred here.

Quartz, felspar, and calcite are often coloured accidentally by
imbedded layers of foreign "inclusions," or by " spangling endo-

morphs." These are mechanically mixed, so far as regards their

presence in a structure of different and non-assimilable chemical

composition, but crystallographically arranged. They either mark
the lines of interrupted or intermittent growth; or, in the case of

endomorphs, the axial positions of the minute intruding foreign

crystals lie in one plane, or in the same sets of planes.

As an instance of colours introduced through definite chemical
replacement, calcite may be cited. Carbonate of lime is colourless

;

if a portion of this be replaced by carbonate of magnesia there is a

certain amount of pearly opacity ; if by carbonate of manganese,
of a pink tinge ; if by carbonate of iron, of yellow, which may be
increased through oxygen absorption and " weathering " to an ochre
tint, and ultimately to a dark brown.

Sulphuret of zinc, chemically white, and mineralogically trans-

parent, may, through metallic substitution, be found of almost all

tiuts of yellow, orange, brown, and black. Again, hornblende,
augite, and garnet,—silicates, which in their purest states of tremo-
lite, malacolite, and water garnet are colourless, ^acquire green,

brown, red, and black tints from the assimilation of other metallic

silicates.

Hence it wouia appear that a very advanced practical know-
ledge of the subject is necessary to enable us to avail ourselves
of the information which is to be derived from this external
feature.

The accidentauy coloured minerals sometimes present two or
more colours or tints, even in a single crystal,—very remarkable
examples occurring in fluor-spar, apatite, sapphire, amethyst, tour-
maline, and cyauite. This is still more common in compound
minerals, on which the colours are variously arranged in points,
streaks, clouds, veins, stripes, bands, or in brecciated and ruin-like
forms. Some minerals again change their colour from exposure to

light, the air, or damp. Then either the surface alone is affected

or "tarnished," and appears covered as with a thin film, producing
in some minerals, as silver and arsenic, only one colour ; in
others, as chalcopyrite, haematite, bismuth, stibine, and anthracite,
various or iridescent hues, when they are said to have a
pavonine lustre. Or occasionally the change pervades the whole
mineral, the colour either becoming paler, or disappearing, as in
chrj'soprase and rose-quartz, or becoming darker, as in brown
spar, siderite, and rhodonite. In a few minerals a complete change
of colour takes place, as in heterosite, and in the chlorophjeite of
the Western Isles of Scotland, which, on exposure for a few hours,
passes from a transparent yellow-green to black. These mutations
are generally ' connected with some chemical or physical change.
Tlie tarnished colours sometimes only appear on certain faces of a
crystal belonging to a peculiar form. Thus a crystal of copper
pyrites (like fig. 89) has one face P' free from tarnish ; the faces b

and c, close to F, dark blue ; the remainder of e, first violet, and
then, close to P, gold-yellow.

Some crystalline minerals exhibit in certain directions a very
lively play or change of colours from reflected light. It is well seen
in many various hues on the cleavage-planes of labradorite, and
seems produced by a multitude of very thin quadrangular pores,

interposed in the mineral, like minute parallel laminae. On the
cleavage-planes of hypersthene it appears copper-red, and is

occasioned by similar pores, or by numerous small brown or black
laminae of some foreign substance interposed in a parallel position
between the planes of the hypersthene. The chatoyant or changing
colours of the sun-stone arise from scales of haematite similarly inter-
posed, and that of avanturine from scales of mica. The play of
colour in the noble opal seems to be produced very nearly in the same
manner as that in the labradorite. A similar opalescence is seen
in certain minerals when cut in particular forms. In the sapphire,
cut hemispherically over the chief a.tis, it appears like a star with
six rays; in garnet it shows four rays ; in certain varieties of chryso-
beryl and of adularia it has a bluish tint ; and it is also very remark-
able in the cat's-eye variety of quartz. Iridescence often arises from
very fine fissures, producing semicircular arches of prismatic tints,

which, like the colours of thin plates in general, are referred to the
interference of light.

Streak.—Tliis name is applied to the appearance and
the colour of the line or furrow produced in minerals by
dra-nang the edge of a hard-tempered knife or file along
their surface, or to the stain obtained by rubbing a soft

mineral on such a substance as paper or porcelain. Taken
along with the hardness, which may to a certain extent be

determined by the same operation, it is one of the most
valuable tests which we possess.

The furrow may be lustrous or it may bo dull. Powder or
splinters may lie along its course, or a still adherent ridge may havo
been merely rolled over. The furrow and the powder may each bo
possessed of colour, though' such may not be distinguishable in the
mineral, or may have a colour quite different from that of the
mineral Three illustrations of the usefulness of this test may
suffice. Argentiferous gold, chalcopyrite, and pyiite, differing
immensely in value, may readily be mistaken for each other.

The knife, when drawn along the surface of the first, sticks in it,

ruts up an adhering ridge, and leaves a shining streak of the same
colour as the specimen. ^VTien drawn along the second it ruts up
a trench covered with a dusty powder, which when rubbed on paper
or in the hand is greenish yellow, \vhen drawn along the third

it has no effect, as pyrite is harder than the knife. Psilomclane,
haematite, and limonite all occur in black, glossy, stalactitic forms,
and have all been termed "black luematite." There is here also

great difference in the value. The knife makes little impression on
psilomelane, but leaves a blue lustrous liu" ; it makes a blood-red
line in hsmatite, and a rich ochre-yellow in Hmonite. Graphite
and molybdenite both crystallize in hexagonal plates, both occ\ir in

the same rocks, both have a grey-black colour and a brilliant

metallic lustre, both stain the hands or paper ; the streak of the
first—best seen on paper—is black, tending to blue ; that of the last

is greenish. Rough porcelain is the best material for determining
the streak of soft minerals.

Diaphaneity.—!Minerals, and even different specimens of

the same species, vary much in this quality. Some
transmit so much light that small objects can be clearlj

seen, or letters read, when placed behind them ; such are

named transparent. They are semitransparent when the

object is seen only dimly, as through a cloud, and translu-

cent when the light that passes through is so broken that

the form of the object can be no longer discerned ; some
minerals are only thus translucent on the thinnest edges.

Others transmit no light, and are named opaque.

Refraction.—It has already been mentioned that most

crystals—aU, in fact, except those of the cubical system

—

exhibit the phenomena of double- refraction. For a

general explanation of these phenomena the reader is

referred to Light, vol. xv. p. 609 sq.

The direction in which there is no double refraction is named
the optic axis of the crystal,—sometimes, less happily, the axis of

double refraction. Now in certain minerals it is found that there

is only one direction with this property, whereas in others there

are two such directions ; and they have in consequence been divided

into uniaxal and binaxal. To the former belong all crystals of

the tetragonal and hexagonal systems, to the latter all those of the

other three systems. In the former the optic axis coincides with
or is parallel to the crystallographic chief axis. In some uniaxal

crystals the index of refraction for the extraordinary ray is greater

than for the ordinary ray ; and in others it is smaller. According
as it is greater or less they are said to have positive (attractive) or

negative (repulsive) double refraction.

Quartz is an example of the former, the index of refraction, accord-

ing to Mains, being for 0-1-5484, for E = 1'5582; calc-spar of the

latter, the index of being =-1-6543, that of E 1-4833. The
index of E is in both cases taken at its maximum.

It should be observed that the optic axes are not single lines, bud

directions parallel to a line, passing through every part of the

crystal. It is also important to remark that this property divides

crystals into three precise groups :—the cubic, with single refrac-

tion ; the tetragonal and hexagonal, with double refraction, and

uniaxal ; those of the other three systems, also double, but binaxal.

These properties are therefore of the greatest use in determining

the system to which a mineral belongs.

Polarization.—Intimately connected with this property

is that of the polarization of light, which affords an easier

means of determining mineralogical characteristics than

the direct study of double refraction. For the elements

of this subject see Light, vol. xv. p. 611 sq.

,

While a consideration of the optic axes enabled us

merely to arrange the systems of crystallization in three

groups, the phenomena of polarization not only bear out

a further subdivision of the whole into the above six

systems, but disclose, in many cases, phenomena markedly

Eppti!>; to individual species. The optical consideration

of these phenomena enables us to fix three directions at
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right angles' to one another—called the axes of optical
elasticity—such that the effect of the crj-stal on the
luminous vibrations of the clastic ether is a maximum in
one of these directions, a minimum in a second, and a
majcimum-minimum in the third. The length of these
axes is chosen in terms of this action. In certain cases
the direction of the axes of optical elasticity is different
for light of different colours.

Tlio position of these axes in relation to the crystalloeraphic axes,
ami the ratios of their lengths, enable ns to class all crystals as
follows:

—

1. Crj-stals of the cubic system. Hero the three axes of
elasticity are all equal. The refraction is simple.

2. Crystals of the tetragonal and of the rhombohedral systems.
Two of tlie axes of oj.tical elasticity are equal in these systems j the
tliirj is greater or less according as the crystals are negative or
positive. The two equal axes lie in a plane perpendicular to the
principal crystallograpliic axes ; the third axis coincides with the
principal axis.

3. tr)staU of the right prismatic system. The direction of the
three axes of optical elasticity coincides with the crystallograpliic
axes, taken parallel to the diagonals of the base of the rliombo-
hcdron. and to the vertical edge of the prism (the primitive parallel-
epiped of Levy).

•4. Cr)-sUls of the oblique prismatio system. Only one of the
axes of optical elasticity coincides necessarily vrith the erystallo-
Kraphical horizontal axis, or the diagonally horizontal axis of the
rhombic base, the direction of the two others not having any
evident relation, a priori, with the inclined or diagonally inclined
axis of the base, and with the vertical axis (or vertical edge of
the primitive parallelepiped).

6. Crystals of the anorthic system. The three axes of opHcal
elasticity have no relation that can be assigned a priori to the
crystallographic axes, whatever position may be assigned to these
in relation to the primitive solid.

In crystals belonging to th" 'ist three systems the three axes of
elasticity are unequal.

The axes of elasticity are in general such that a ray passing
through the costal in the direction of any one of them is divided
into two, which follow that direction with different velocities
depending on the lengths of the other tivo axes. To any other
direction there wUl in general also correspond two different
velocities; but their ratio will now depend m a more complex
manner on all three axes. In two directidns (and only in two, if
the axes are aU unequal) the ratio becomes unity, or the ray is Aot
divided. These directions are the optic axes.
The displacement of the axes of elasticity' for light of different

colours, already mentioned, takes place for two axes in crystals of
the oblique prismatic system and for aU three axes in the anorthic
(!.<•., doubly obbque) system. In the other sj-stems it does not

Colour
pbenom-
ina.

occur.

In order to foUow the distinctive features of the different systems
farther, it is necessary to consider the colour phenomena whichthey display, when examined in a beam of polarLd Ught. Various instruments have been devised for thiT purpose, fs, « a thecoUruing apparatus of

lu^l^u". as, c.y., me
JNorrcnberg, fitted with
a condensing lens bclow
and above the cryst:il

bUcb, or with a low-
power (3-inch) eyepiece.
The polariscope of Hoff-
man of Paris is more
efficient, but the appa-
ratus of Descloizeaux
(fi^. 240), who has made
this mode of investiga-
tion a special study, has

^

the nridest
. scope of use-

fuluess. In this appa-
ratus a blackened minor
is employed for polariz-
ing the light, taking the
place of a tourmaline
plate, a Nicol's prism,
or a bundle of thin glass.
The mirror is inferior
to the other two in completeness of polarizing power and in notadmitting of rotation ; w^ilo it sharefthis defect with the l^tIt is however superior to all in extent of field, while it doesnot, like the fir.t. affect white light. A Nicol's prism U used foexamining or analysing the light which passes.

«J„it./''",t''°'',°^'!'*"*"y''^"''^"' ?>'''"<'"•<"» tl>«t maybeobserved with pclanzmg apparatus when applied to sections ofcrystals belongs to the subject of Optics (fivsiol^), to which

'•lO. 240.—Apparatus of Descloizeaux.

heading also we must refer for the Dheuomeua of circular
polarization.

Double Bcfraction and Polarization of Composite Crystals.—Jn
all the crystallized bodies whose action upon light wp have been
considering, the phenomena are identical in all parallel directions,
the smallest fragment having the same property as the largest,
from whatever part of the crystal it is taken. In the mineral
world, however (and among the products of artificial crystalliza-
tion), there occur crystals which are composed of several individual
crystals whoso axes are not parallel. These crystals sometimes
occur in such regular symmetrical forms that mineralogists have
long regai-dcd them as simple forms ; and it is probable that they
would have still been so viewed if they
had not been exposed to the scrutiny of
polarized light.

A composite structure has been ob-
seiTcd in the case of Brazilian topaz,
sulphate of potash, and apophyllito.
Bipj-ramidal sulphate of potash, which
Count Bournon supposed to be a simpli;
crystal, was found to bo a tesselated
crystal, composed of three pairs of crystals
of the prismatic sulphate of potash com-
bined so that each pair had their principal
axes paraUe'. When exposed to polarized
light, each pair gave the system of binaxal
rings, .and when held at a distance from
the eye had the tesselated appearance shown in £<
opposite pair of the ti-iangles having the same tint.

"

The most remarkable of this class of minerals is the tesselated
apophyllite. The examination of this body by polarized light is
duo to Brewster For his results the reader is referred to his paper
in the Jidmburgh Transactions, vol. ix. p. 323.

Figs. 242, 243 are representations of the* figure producea in
polarized light by an internal slice of the barrel or cylindrical

Fig. 242. Pig. 243.

apophyllite from Kudlisaet, in Disco Island. The figures are from
different specimens. The shaded part of them has only one axis
of double refraction, while the four sectors have two axes Themechanical structure of the cleav-
age planes resembles the optical
figure even after the planes are
ground.
The minerals stUbite, heulan-

dite, chabasite, and many others
are similarly complex in struc-
ture.

Crystals with Planes of Double
IWraction.—KndXcime, a mineral
ranked among the cubical crys-
tali;, was found by Brewster to be
singular in its action upon light
and to exhibit the extraordinary
property of many planes of double
refraction, or planes to which the - -

lo onrnf,^''"*'' "™''T "'^ "'"'^^ ^" *»>* =™« manner as it i.to one or two axes in other minerals. It crv-stalli/cs most co™

Xta'crvstarofTtol*'''
--itf^heUron. 7f we ;u;prl oT

double refraction nor polarization, -thedouble relraction and the tints commincin.

fn thrrtT"'r.v '''"^'''"S their maximum
in the centre of the space enclosed by three

mittedft'^ ^r'- ^''^''' "8'"* i^ t'^n-

of he t li f ^?""5 ^r^"^ t'"' three axes

?of4ct«l ,;^'

'
','

^lo-b y refracted, the leastrefracted image being the extraordinary oneand consemicitly the double refraction ^nega!

pe™nd[cullr If f "
'"' '"

T''''^*>
'^'' loubly.refractea ray i.perpendicular. If we suppose the crystal to have the form of*

Fig. 244.
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cnt)e, the planes of double refraction will be, as in fig. 245, a

plane passing through the two diagonals of each face of the cube.

The tints vary as the square of the distance from the nearest plane

of double refraction.

Pleochroism.—Closely connected \vith double r^Aaction

is that property of transparent minerals named pleochroism

(of many colours), in consequence of which they exhibit dis-

tinct colours when viewed by transmitted light in different

directions. Crystals of the cubic system do not show

this property, whilst in those of the other systems it

appears in more or less perfection,—in tetragonal and

hexagonal minerals as.dichroism (two colours), in the

rhombic and clinic systems as trichroism (three colours).

In most cases these changes of colour are not very decided,

and appear rather as different tints or shades than as

distinct colours. The most remarkable of dichromatic

minerals are the magnesian mica from Vesuvius, the tour-

maline, and ripidolite ; of trichromatic, iolite, andalusite

from Brazil, diaspore from Schemnitz, and axinite.

In a specimen of yellow Iceland spar the extraordinary image is

of an orange-yellow colour, while the. ordinary image is yellowish

white. Ali'Ug the axis of double refraction the colour of the two
pencils is exactly the same, and the difference of colour increases

with the inclination of the refracted ray to the axis. This is

the invariable law of the phenomena in uniaxal crystals. Sir

John Herschel found several tourmalines to have a blood-red

colour along the axis, and at right angles to it to be yellow-green.

There can be little doubt that this property will be found in every

crystal of sufficient refraction. Even if the crystal is colourless,

a slight inequality iu the intensity of the two images may be

observed; and when it is distinctly coloured the difference of

intensity is very easily seen, even when the two colours are not of

a different kind.

Tlio phenomena of dichroism are best seen in crystals with two
axes ot double refraction, and are well exemplified in iolite, a

mineral which crystallizes in six- or twelve-sided prisms. These
prisms are of a deep blue colour when seen along the axis, and of

a yellowish brown colour when viewed in a direction neroendicnlar

to \t.

If abed (fig. 246) is a section of the prism of iolite in a plane

parallel to the axis of the prism, the transmitted light will be blue

through the faces ab and dc, and yellowish brown
through ad, be, and iu eyery direction perpendicu-

lar to the axis of the prism. If we grind down-
the angles, a, c, b, d, so as to replace them with
faces mn, m'n' and op, o'p', inclined 31° 41' to ad,

Cc to the axis of the prism, then, if the plane
abed passes through the optic a.xes, we shall

observe, by transmitting polarized light through ^j \ /\
the crystal in the directions ac, bd, and subse- "' "*'

quently analysing it, a system of rings round each ^^S- 246.

of these axes. The system will exhibit the individual rings very
plainly if the crystal is thin ; but if it is thick, we shall observe,

when the plane abed is perpendicular to the plane of nrimitive
polarization, some branches of

blue and white light diverging

in the form of a cross from the
centre of the system of rings,

or the poles of no polarization,

as .shown at p and p' (fig. 247),

where the shaded branches

fepresent the blue ones. The
summits of the blue masses

are tipped with purple, and
are separated by wliitish light

in some specimens and yellow-

ish light in others. The white
light becomes more blue from
p and p' to 0, where it is quite

blue, and more yellow from^
and p' to c and rf, wheto it is

completely yellow. Wlicn the
Fig. 247.

plane abed is in the plane of primitive polarization, the poles p, p'

are marked by snots of white light, but everywhere else the light

is a deep blue.

In the plane cadb (fig. 247) the mineral, when we look through

it by common light, exhibits no other colour but yellow, mixed
with a small qviautity of blue, polarized in an opposite plane. The
ordinary image at cand rfis yellowish brown, and the extraordinary

imago faint blue, the former receiving some blue rays and the

latter some yellow ones from c and dioa and b, where the difference

of colour is still well-marked. The yellow image becomes fainter

from OS ami b to p and;)', till it changes into blue, and the faint blue

image is strengthened by other blue rays, till the intensity of the two
blue images is nearly equal. As the incident ray advances from c
and dtop and^, the faint blue image becomes more intense, and the
yellow one, receiving an accession of blue rays, becomes of a bluish

white colour. The ordinary image is whitish from p and ^ to a,

and the extraordinary is deep blue ; but the whiteness gradually

diminishes towards o, when they are both almost equally blue.

The principal axis of double refraction in 'iolite is negative. The
most refracted image is purplish blue, and the least refracted one
yellowish bro\vn.

Brewster found that the dichroism of several crystal' is changed
by heat, and that in some eases this property may be communi-
cated to them. Babinet found that all negative crystals, such as
calcareous spar, corundum (including Tuby and sapphire), tour-

maline, and emerald, absorb in a greater degree the ordinary ray,

with the exception of beryl, apatite, and some apophyllitos ; whUe
positive crystals, such as zircon, smoky quartz, sulphate of lime,

and common apophyllite, absorb in a greater degree the extraordi-

nary ray. Babinet found also that certain crystals, such as red

tourmaline and ruby, transmit rays of their peculiar colour without
being polarized,—in which cases the black cross of their system ol

rings is coloured, and this unpolarized light exists both in the
"rdinary and extraordinary ray.

Haidinger devised an instrument for showing and for testing the
pleochroism of minerals. In fig. 248, p is an oblong cleavage-

rhombohedrou of Iceland scar which has two glass prisms w,io of

Flo. 248.—Section of Dichroiscope,

18' cemented to its ends with Canada balsam. This combination
is placed in a metallic case, which has a coavex lens I at one end
and a square hole o about the fifteenth of an inch in width at the
other. The lens is of a focaV distance which shows an object held
about half an inch from the square hole.

On looking through the lens and prisms two images of the square
hole are seen Just touching each, other. The light of the one
image is polarized in the plane which intersects the short diagonal
of the prism ; that of the other is polarized in the plane of the
longer diagonal. When a pleochroic crystal or fragment is held at
focal distance and examined by transmitted light, then, on the
turning of the instrument bringing the polarization of its planes into
coincidence with those of the crystal, the two images of the square
opening will show the colours of the oppositely polarized pencils of
which the light transmitted by the crystal is composed; this
constitutes its pleochroism. The dichroism is tlien seen by looking
through the crystal in one direction only, and the contrast of the
two colours is made more obvious.

Phosphorescence.—This is the property possessed by par- Phospho*

ticular minerals of emitting light in certain circumstances, ^scenco.

without combustion or ignition.

Thus some mine»als appear luminous when taken into the dark,

after being for a time exposed to the sun's rays or even to the ordi-

nary daylight. Many diamonds, and also calcined barytes, exhibit

this property in a remarkable degree ; less so aragonite, calc-spar,

and chalk. Many minerals, including the greater part of those

thus rendered phosphorescent by the influence of the sun, also

become so through heat. Thus some topazes, diamonds, and varie-

ties of fluor-spar become luminous by the heat of the hand ; other-

varieties of fluor-spar, and phosphorite, require a temperature near-

that of boiling water ; whilst calc-spar and mahy silicates are only

phosphorescent at from 400° to 700° Fahr.

Electricity produces phosphorescence in some minerals, as in

green fluor-spai' and calcined baryte'fe. In others it is excited when
they are struck, rubbed, split, or broken ; as iu many vai-ietiea of

zinc-blende and dolomite when scratched with a quUl, pieces of

quartz when rubbed on each other, and plates of mica or needles of

pectolite when suddenly separated.

The light emitted by phosphorescent minerals is of various tintai

The variety of fluor called chlorophane emits, as its name expresses,

a green light. The same particle may emit varying tints, as in the

fluor from Aberdeenshire, which, as the heat falls, or the energy of

the phosphorescence wanes, emits tints which pass from violet,

through blue, green, and yellow, to dull purplish red. The yellow

blende from the same place is vividly phosphorescent when heated.

Fluor generally phosphoresces with a tint of its own colour.

Too high a heat destroj-s the phosphorescence, which may, how-
ever, he restored by either exposure to sun's light or to electricity.
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The minortl phospliorcscts vividly when tlio tliscliarec. passes

throiish it ; it gtiicnlly nhosphoroscos with a aifftTcnt colour after

It has'^bccn thus recharged.
r i- v^. r

Fluortacence- is iho property whereby tayi of Ught ot a

rcfrangibility higbcr than those ordinarily seen by the

human cyo are rendered visible. The substance when

pkced in the violet end of the Ei)ectrum, and carried be-

yond it into the invisible rays, becomes luminous, through

" degrading " the rays of extreme refrangibility. This

property is well marked in those varieties of fluorite which

are i.ale preen by transmitted light, and deep purple by

reflected light. Ozocerite and some petroleums also ex-

hibit the property.

EUctric, Mognetic, and Thrrmk Properties.

Electricity.—TncixoTX, pressure, and heat may all excite

electricity in minerals. To observe this property delicate

electroscoi^s are required, formed of a light needle termin-

ating at both ends in >=mall balls, and suspended horizon-

tall/on a steel pivot by an agate cup. Such an instrument,

»n be electrified negatively by touching it Mi-ith a stieK of

sealing-wax excited by rubbing, or positively by merely

bringing the wax so near as to attract the needle. TMien

the instrument is in this state, the mineral, if also rendered

electric by heat cr friction, \^-ill attract or repel the needle

according as it ha-s acquired electricity of an opposite or of

a similar kind ; but if the mineral is not electric it will

attract the needle in both conditions alike.

Most precious stones become electric from friction, and are either

pesitivo or negative according as their surface is smooth or rough.

All cenis become positive whcu polished ; the diamond even when

unpoiislicd a positive. Pressure between the fingers will excite

distinct positive electricity in nieces of transparent double-refracting

calc-spor. Topaz, ara^nitc, fluor-spar, carbonate of lead, quartz,

»nd other minerals show this property, but in a much smaller

dcTCO. Some bmlies remain excited much longer than others,

topaz for a Very long time. Heat or change of temjieraturo excites

electricity in many crjstals ; as in tourmaline, calamine, topaz, calc-

»par, bcrjl, barytes, fluor-spar, diamond, garnet, and others ; these

ate licnco said to be thermo- or pyroclectric. Sonio acquire polar

pyro-clectricitv, or the two electricities appear in opposite parts of

the crystal, which are named its electric poles. Each pole is alter-

nately [wsitivo and negative, the one when the mineral is heating,

the other when it is cooling. Hankel's investigations of these

phenomena are specially noteworthy.

As already noticed, many polar electric minerals are also remark-

able for their hcmimoqihic crystal forms. Tourmaline calamine,

>nd boracito are among the species thus affected. T- polarity

continues so long as the temperature is increasing, ana becomes
'cverscd when it commences to decline ; and when the heat is

itationary it disappears.

Koso and Reiss name one of the poles the analogue electric polo,

ind the other the antiloguo electric pole. The former becomes
positive while tho crystal is heating, and negative while cooling

;

the lattef negative while heating, and positive while cooling.

Becquercl found that in tourmaline at 30° C. electrical polarity

was sensible ; it continued unchanged to 150°, as long as tho
temperature continued to rise ; if the temperature remained

Fig. 249. Fig. 250.

stationary an instant, tho polarity disappeared, but shortly mani-
fested itself reveraed, when tho tcnipciaturo commenced to decline.

If but ono end of the crjstal was heated the crystal was unpolarized,

and when two sides wcro^inequally heated each acquired an el'-ctn-

cal state inilopendcnt of tlie other. In tourmaline tlio extreiiiitirs

of the prism arc dissimilarly modified, and tha; end which presents

the greater number of jilaues is tho niitiloguu jiole ; or, if the

Fig. 251.

numbsr of planes is tho same, tho secondary rhombohedrons of the

antiloguo pole have (ono or more of them) longer vertical lies tlia-n

those of tlie analogue pole. Fig. 249 (tourmaline) is the anti ogue

polo (negative under increasing heat), and fig. 250 tho analogue

polo. Tho pyramid of the analogue end is more flattened by its

facets than that of tho antilogue end ; thus e» and d' of the anti-

loguo end aro more acumi-

nating than e' and cP of tho

analogue end. The same is

the case with tho other two
crystals (figs. 251, 252).

Pyro-electricity has been

observed in the following

substances : — tourmaline,

topaz, axinite, boracitc,

scolozite, prehnite, clectiic

calamine, sphcne, rhodizite,

1 eavy spar, rock-crystal.

Pyro-electricity is of two
kinds,— either terminally

folar or centrally polar,

n tho former the extre-

mities are opposite poles.

In tho latter two sides of

a prism are of the same
name, and the opposite pole

to each is intermediate be-

tween the two. .

The examples of the first kind are tourmabne, calamine, and

scolezite, which are uniaxal ; axinite, binaxal ; boracitc and

rhodizite, with four axes. Calamine, like tourmaline, has the

sharper extremity the antilogue

cud, and the more flattened the

analogue. Compound crystals

from Altenberg have both ends

analogue, and the portion which

lies between the twins antilogue

electric ; the pyro-electric axis

corresponds with the vertical axis
I

of the prism, as in tourmaline.

Boracitc, which crystallizes in

cubic forms, with the opposite

solid angles difierefltly modified,

has four pyro-electric axes, corre-

sponding to the four octahedral

axes. In fig. 253 of this species,

. the plane which has its angles modified by
"

« is the antilogue pole, and that with the

Fig. 252.

Fig. 253.

.Int.

Fig. 254.

unmodified angles the analogue pole ; and, generally, tho antilogue

polo has either more numerous or larger facets. Khodizite re-

sembles boracito in its p)TO-electricity.

The species in which pyro-electricity of the second kind has been

observed are prehnite and topaz. If fig. 254 represent a tabular

crystal of prehnite, the poles will be situated as marked, the

analogue being central, and the antilogue at either (Extremity of

tho shorter diagonal of tho rhombic prism. Topaz has in a similar

manner a central analogue pole, and an antilogue at cither ex-

tremity of tho shorter diagonal. In some instances there is d

separate set of similar poles near one or the other angle, as in lig.

255 ; this must bo duo to thu crystals being of a composite nature.

Magnetism.—This property is very characteristic of the

few minerals in which it occurs,—chiefly ores of iron or

nickel. Some magnetic iron ores possess ])olar magnetism,
or are natural magnets ; while tho common varieties of

magnetite, meteoric iron, magretic pyrites, precious garnet,

and other minerals, are simply magnetic. Most minerals
are only attracted by the magnet, but do not themselves
attract iron.

Mineral-s, as other substances, have also been divided into
magnetic and diamagnetic. See Magnetism.

The ordinary mode ot testing whether a mineral is magnetic or
not is to bring it near a pole of a dalicately suspended mngnetio
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needle, and observe whether it causes it to vibrate. Another mode
IB to apply a strong magnet to the mineral in powder. Those are
sufficient for the mineralogist. Dclcsse has experimented exten-
sively upon the magnetic force of ir.inerals, and has determined
the relative amount for numerous species. Calling this force for

StjTian steel 100, the following are some of his results :

—

Kativo platinum « „ _.. 2-173 lo 3-M7
Magnetic Iron ore „ 15-00 to ti5-00

Fl-anklinite. from llio United States 1-031

Chromic Iron 0-13G to 0-OCJ
Spinel (pleonaste), from Mnnzonl. Tyt-ol 0-078

Titanic iron (rliombohedral), often magnctlpolar 6-764

Spcculir Iron, sometimes magnctipolnr 0*14to3'U
Graphite 0-015 to 040
Spathic Iron (spherosidoritc, tlio Iiighcst) 0-092 to 0-J87
Iron pyrites 0030 to 0-057
Vivianlte. 0-027 to 070
Columblle of Dodenmals and Haddam 0-101

PjTOchlore 0010
Clirysopraso (quailz ia dlamagnetic, but many varic- >

n-nfti
tica aix magnudf) ) ^

Felspar, sometimes feebly magnetic.
Labradurite of an antique green porphyry 077
Hornblende 0-012 to 0-057

Clystallomagnetic Adion.—The magnetic polarity thus

far alluded to belongs lo the mass, and has no relation to

crystalline form. There is also a kind of polarity directly

related to the crystalline or optic axes of minerals. A
crystal of cyanite, suspended horizontally, points to the
north, by the magnetic power of the earth only, and is a
true compass needle, from which even the declination may
be obtained ; and the line of direction is the line of the
cptic axes. Other crystals, which are called negative,

take a transverse or equatorial position. The latter are

diamagnetic crystals.

Conductivity for Heat.—Senarmont fotmd that the con-
ducting power of colloids and of crystals of the cubic
system is equal in all directions, but that it varies in

different directions in crystals belonging to all the other
systems, exhibiting characters analogous to those deduced
from their double refraction, conformable -with the optic

axes of the crystal, and referable, as in the latter case, to

axes of elasticity, or unequal compression of the molecules.

The fundamental fact is easily shown by talcing two slices of
rock-crystal, one cut transverse to the axis and one parallel to it.

Throiigh the centre of each plate a small holo
is drilled for the reception of a bent wire,
^rhich by insertion into the hole sustains the
plate. The other end of the wire is to be heated,
and- the rate of the conduction of the heat is

rendered visible by the amount of a thin coating
of beeswax, with which the plate has been pre-
vio\isly coated, which is melted round the central
hole. It will be seen that in the transverse slice

the wax is melted in a circular form, while ia the
longitudinal slice the form is elliptical 'fig. 256).
The conduction is equal in nil dlj. ' uons, as
regards the transverse axes of the hexa^inal
prism, but more rapid in one direction in the
longitudinal slice, and that direction Is the line

of its optic axis. In the case of quartz the two
^•ameters of the ellipse are as 1000 to 1312.

If the regular disposition of the molecules of
amorphous bodies be interfered with by unequal
tension or compression, the regularity of their
power of conducting heat is destroyed, and they
also show elliptical forms of melted wax ; and
the shorter axis of the ellipse is in the line of
pressure or nndue packing of the molecules.
The heat thus does not travel so fast in this

lirection,—partly because it is spent in the
heating up of the greater number of molecules,

conclnde that along the main axis of quartz a smaller number of

mohcules are packed in an equal space than along the transverse.

The following avo the more important of Senarmont's results.

1 . Crystals of the tetragonal and rhombohedral systems have one
axis of conductivity which is either greater or smaller than the
othv'.rs, and this axis coincides with the main crystallographic axis.

Ths isothermal surfaces are ellipses which lie in the line of this

axis, and these ellipses may be either elongated or flattened in

the direction of this line.

?.. In crystals of the right prismatic system the isothermal
surfaces have three unequal axes, w-hich coincide with crystallo-

graphic axes drawn parallel to the edges of the rectangula; prism.

3. Iq crystals of the oblic^a? rhombic system the isothermal

Fig. 25&

Hence we might

surfaces have three unequal axes, one of which coincides with th«

horizontal diagonal of the base, whilo the other two have directiouj

which are not referable to any law.

i. In crystals of the anorthic system the isothermal surfaces
have three unequal axes, all with indeterminable positions.

In crystals of a siiiglo axis there ajipeais to exist no coiisttnt

relation between thg axis of optic elasticity, whether maximum or

minimum, and tlio ixis of t!io greatest or of the least calorific

conductibili'.y. Thus, of the minerals examined by Senarmont,
quartz (-(-}, calcite ( - ), cissitcrite (-(- ), rutile (-h), and calomel
(-I-) have all their greatest axis cf conductibility parallel to the
principal axis ; idocrase, beryl, tourmaline, and corundunj, all

optically negative, have on the contrary tlicir smallest axis o/

conductibility parallel to the axis.

In crystals -belonging to the oblique rhombic system there i(

rarely coincidence between the thermic axes and the axes of optio
elasticity. In gypsum and in felspar these lie apart to a marlced
extent

Dilati.ttion by Heat.—In crystals of those systems in which
the molecules are arranged unequally as regards their axes,

the amount of their dilatation when heated is unetjual in

the direction of their axes. Our knowledge of this subject

is chier.y due to Mitscherlich.

In c-.-ystals of cubio symmetry the expansion is eqnal in all

directions. The dimetrio systems—the iiyrami<lal and hexagonal

—

are brought together as regards this quality, inasmuch as the axea
of volumetric change are in these the same ; for, -while these in
the jiyramidal correspond with the crystallographic axes, in tho
hexagonal the three axes are the vertical, one lateral axis, and «n
axis lying intermediate to the other two and at right angles to th(»

first lateral axis. The expansion along the principal axis may bo
either greater or less than along the others ; and in some minerals
there is even contraction along one axis.

In the right prismatic system the axes of dilacaiiob correspond to
those of form. In the oblique prismatic one axis coiTesponds with
the orthodiagonal, but the others make angles not only with the
other crystallogra]iliic axes but. strange to say, with the axea both
of thermic conductivity and of optic elasticity. We arc as yet
ignorant of the properties of anorthic crystals in this respect.

As a consequence of this unequal expansion along different axes,

the angles of crystals, otlier than those cf the cubic system, are

altered under the influence of heat. The alteration is extreme in

the case of calcite, where, through elongation along the vertical

axis, -with some concomitant contraction of the transverse, the

angle of the rhombdhcdrio faces is, -n-hen the crystal is heated

from 32° to 212° F., diminished from 105° 5' to 104° 56' 23",—

the form thus approaching that of a cube, as the temperature ia

raised.

Dolomite, in the same range of temperature, diminishes 4' 46".

In some rhombohedrons, as of calc-spar, tlio vertical axis is lengthened

(and the lateral shortened), while in others, like quartz, the reverse

is true. The variation is such, cither way, that the double refrao.

tion is diminished with the increase of heat ; for calc-spar possesses

negative double refraction, and quartz positive. According to

Fresnel the same is true of gypsum. The dilatation-for calc-spar,

according to experiment, is 0"001961.

Kopp has shown that in the carbonates of lime, magnesia, iron,

manganese, and zinc, which are nearly the same in the angle of theii

crystals, the vertical axis is shorter the greater the atomic volume
And since heat diminishes the density, and therefore necessarily

increases the volume, the axis a should be lengthened by an increase

of temperature, as is actually the case. He has determined by cal-

culation that the change of angle from 32° to 212° should be 7' 37".

Although in the greater number of cases the variations are so

small as to be scarcely measurable, yet they may be sufficient for

establishing a differeuco between substances which have identical

geometric form while belonging to different systems of crystalliza-

tion The angle of arhombohedron might at a certain temperature

be 90°, and so coincide with a cube ; but that angle would in a

rhombohedron change whenever the temperature altered, while the

angle of a true monometric cube is constant at all temperature*

The increase in volume and diminution in density which generally

result fropi heating are always accompanied by a change in optical

properties. In trimetric crystals, where the principal indices altar

unequally, the change affects the amount of divergence of the opti«

axes. The amount of alteration in gypsum, when the divergeneo

is diminished, is extreme. At the ordinary temperature the angle

of the divergence of the optic axes which he in the plane of

symmetry is about 90° for red light ; when heated to 177 it li

diminished to 0°, and for the moment the crystal appears to ta

uniaxah When more highly heated, the axes again diverge, but

in a plane at right angles to tie original one, and in cooling these

changes take place in .-everee urc^r. In bai^tes and celestme again,

the alteration in the angle of the optic axes is a divergence whan

heated.
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Charaden depending on Cohesion.

These chonwtere are of five kinds :—(1) hardness, (2)

tenacity, (3) elasticity, (4) cleavage, (5) fractirre. All may

be considered as related to the power of resisting attempts

Id separate one part from another.

1. Uardne!».—\ harder body is distinguished from a

lofter, either by attempting to scratch the one with the

other or by trying each with a file. Each of these methods

is used by the mineralogist in determining the hardness

of tae species, though the latter is in most cases to be

preferred. Both methods should, be employed when

practicable.

Certain varieties of some minerals give a low hardness under the

lUe, owing either to impurities or imperfect aggregation of the

particles, while they scratch another mineral upon which a file would

hare no effect, showing that the particles of the first are hard, tkough

IoomIv •s?T«gated. Chiastolite, spinel, and sapphire are common

ezsmplesof this. When the mineral is too hard to bo impressed by

a file, the peculiarity of th(i grating sound will suffice for the prac-

tiied ear.

llohs introduced a scale of hardness, consisting 'd ten minerals,

which gradually increase in hardness from 1 to 10. The intervals

between 2 and 3 and 6 and « are larger than the others. Breithaupt

has therefore introduced another degree of hardness between each

of Hie above, and thus bis scale consists of twelve minerals.

The scale is as follows :

—

1. Talc, common laminated light green variety.

2. Gypsum, a crystallized variety.

2'5. Mica (muscovite).

3. Calcite, transparent variety.

i. Fluor-spar, crystalline variety.

6. Apatite, transparent variety.

6 '6. Scapolite, crystalline variety.

6. Felspar (orthoclose), white cleavable variety.

7. Quartz, transparent.

8. Topaz, transparent.

9. Sapphire, cleavable varieties,

10. Diamond.

If the file abrades the mineral under trial with the same ease as

No. 4, and produces an equal depth of abrasion with the same force,

Its hardness is said to be 4 ; if with more facility than 4 but less

than 5, the hardness may be 4 J or 4J, written in decimals 4 '25, 4 '5.

Several successive trials should be made to obtain certain results.

' The use of the file is acquired with very little experience ; usually

a single trial is sufficient. Care must be taken to apply the file to

edges of equal obtuseness. That part also of the specimen should
b« selected which has not been altered by exposure, and has the

highest degree of transparency and compactness of structure. The
pressure for determination should be rather heavy, and the file

should be passed three or four times over the specimen.
Where the scale of hardness Ls wanting, or a first rough deter-

mination is sought, the following experiments may serve ;

—

Every mineral that is scratched by the finger-nail has H. — 2'5 or
less. Minerals that scratch copper have H. — 3 or more. Polished
white iron has H. -4 5. Window-glass has H.— 5 to 5-5. Steel

point or file has H. — 6 to 7; hence every mineral that will cut or
scratch with a good penknife Vas H. less than 6. FlinthasH. — 7,

and only about a dozen minerals, including the precious stones or
gems, arp harder.

Many specimens present different degrees of hardness on dis-
similar faces ; as an example of which we mention cyanite and
mica. This is confined to the inequilateral primary forms, and like
the similar difference of colour, lustre, ic, finds a ready explana-
tion in the theory of their formation; unlike faces are the result of
the action of a polar force acting along unlike axes.

Tliis difference in faces parallel to unlike axes may be p6rceived
in nearly all cases, when the methods of trial are sufficiently
delicate. Huygons observed long ago that the cleavage face of a
crj'stal of calc-spar differed in hardness from the other faces ; and
even in a uionometric crystol it has been found that the faces of
the cube and octahedron ore not exactly alike in this respect.

2.' Tenacity.—SoWd. minerals are said to be brittle,

»ectilc, malleable, flexible, or elastic :

—

1. Biilltr, when jiarts of a mineral separate in powder or grains
on attcini'ting to cut it ; as baryte, calc-apar.

2. Sectile, when pieces may be cut. off with a knife without fall-

ing to powder, but still the mineral pulverizes under a hammer:
as brucite, gypsum.

8. Malleable, when slices may be cut off, and these slices
flatten out under a hammer ; as native gold, notive copper.

4. Flexible, wheft the mineral will bend and remain bent after
he bending force is removed ; as gypsum, graphite, talc.
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6. EUulie, when after being bent it wiU spring back to its

original position ; as mica.

A liquid is said to be viscous when, on pouring it, the

drops lengthen and appear ropy ; as petroleum.

3. Elasticity.—Investigations on this property have not

to any extent been entered upon. The unequal elasticity

of unlike faces of crystals has been shown by Savart in his

acoustic investigations, and he was able to distinguish the

rhombohedral frotn the other faces in the pyramid of quartz

crystals ; he also showed that the figures formed upon

vibrating plates of crystals were directly cormectea

with their optic axes. Milne, by measuring the amount

of recoil of a sphere of calcite when struck at different

points by another of rock-crystal, found that the elasticity,

as thus measured, was greatest along the line of the optic

axis, and least in directions at right angles to it. He also

found that points which lay intermediate between the main

and the transverse axes were most indented by the blows.

This goes to show that, although there may be fewest

molecules arranged along the lines of the transverse axes,

yet cohesion operates with greater intensity along thesa

than in intermediate directions.

When the tenacity of a mineral is overcome by an over-

whelming amount of traction, or its elasticity by a sudden

shock, its parts are separated, either in flat and continuous

surfaces, or .in surfaces which are irregular in the extreme.

The first of these modes is termed cleavage, the second

fracture. In those substances in which cleavage exists it

is found that the planes or directions along which it takes

place lie in certain strictly definite positions to one another

and to the axes of the crystal. They show not the smallest

tendency to a transition or gradual passage into the other

directions of greater coherence.

4. Cleavage.—The number of the^e parallel cleavage-

planes is altogether indefinite, so that the only limit that

can be assigned to the divisibility of some minerals, as

gypsum and mica, arises from the coarseness of our instru-

ments. These minima of coherence, or cleavage-planes, are

always parallel to some face of the crystal ; and similar

equal minima occur parallel to every other face of the same
form. Hence they are always equal in number to the faces

of the form, and the figures produced by cleavage agree
in every point with true crystals, except that they are

artificial. They are thus most simply and conveniently
described by the same terms and signs as the faces of
crystals.

Some minerals cleave in several directions parallel to the faces of
different forms, but the cleavage is generally more easily obtained
and more perfect in one direction than in the others. This com-
plex cleavage is well seen in calc-spar and fluor-spar, and "ery
remarkably in zinc blende, where it takes place in no less than six
directions. As in each of these the division may bo indefinitely
continued, it is clear that no lamellar structure in any proper sense

' can be assigned to the mineral. All that can be affirmed is that
contiguous atoms have less coherence along a direction normal to
these planes than in other directions. When cleavage takes place in
three directions, it of course produces a perfect crystal form, from
which the system of crystallization and angular dimensions of the
species may bo determined ; it is thus often of very great im-
portance.

The common cleavage in'the different systems is as follows, those of
most frequent occurrence being in italics :— (1) In the cubic system,
Octahedral, 0, olong the faces of the octahedron ; Eexahedral,
ocOco, along those of the cube ; and Dodecahedral, ooO. (2) In thp
tetragonal system, Pyramidal, P, or opoo

; Prismatic, a>P, or ooPoo :m Basal, OP. (3) In the hexagonal system with holohedial form?.
Pyrnmulal, P, or P2

; Prismatic, ooP, or osPoo
; or Basal,OP; with

rhoinbohcdrnl forms, i;/,oniioA<-rfi-a/, R ; Prismatic, a>R ; or Basal,
OR. (4) In the right prismatic system, Pyramidal, P; Prismatic,

ooP
; Macrodomatic or Biachydoinatic, Poo or f« ; Sasal, OP

;

Macrodiagonal, oopoo
; or Brachydiagonal, ooPoo. (5) In the

oblique prismatic system, Hemipyramidal.P, or- P ; Prismatic, ooP;
Clinodomatic, P«oo

; Hemidomatic, pooo or-P''oo*; Basal, OP:
Orthodiagonal, ooP'oo

; or Clinodiagonal, ooP'oo. (6) In the
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•nortbic eystem, Hemiprismatic, <»P', or aP ; Hemidomatic cither

along the macrodome or the brachydoine;B(wai OP; Macrodiagonal,

oaToo ; OT £rach!jdiagonaJ, ooPoo.

In some minerals, as mica and gypsum, the clea\^ge is

readily procured ; these may be held in the hand and
divided by a knife. Others only cleave with more or less

difficulty ; these must be placed on a firm support resting

on lead, folded paper, or cloth, and a sharp blow struck on

a chisel applied in a proper direction. This may often be

ascertained by examining the specimen in a strong light.

Sometimes it is necessary to subject them to extreme com-

pression in a 'vice. Some of the hardest substances have

not only a perfect but a facile cleavage,—a.s euclase, topaz,

and diamond ; many of the softest species have none. The
planes produced also vary much in their degree of perfection,

being highly perfect in some, as mica and calc-spar, and
imperfect in others, as garnet and quartz. In a very few

crystalline minerals cleavage-planes can hardly be said to

exist. Cleavage must be carefully distinguished from the

planes of union in twin crystals, and the division-tslanes of

laminar minerals.

5. Fracture.—This is the irregular manner in which

substances may be broken. Even minerals possessed of

cleavage may be fractured in other directions ; but in

amorphous bodies fracture alone occurs. The following

varieties of fracture occur, and are highly characteristic:

—

i. Conchoidal, almost typical of amorphous bodies, but occaa-

sionally seen in crystals,—rounded cavities, more or less deep. The
name is taken from the resemblance to tjie successive lines of

interrupted growth in a bivalve shell. Seen in flint, obsidian,

asphalt. In calcite the direction of this fracture is interme<liate to

the planes of the mineral's cleavage.

2. Even, when the surface of fracture is smootli and free from
inequalities.

3. Rough, when the surface of fracture is rugged, with numerous
. small elevations and depressions.

i. Splintery, when covered with small wedge-shaped splinters.

6. Hackly, when the elevations are sharp, slightly bent, or

jagged, as broken iron,

6. Earthy, when it shows only fine dust.

Taste, Odour, Touch.

Taste belongs only to soluble minerals. The different

kinds adopted for reference are as follows :

—

1. Astringent, the taste of blue vitriol.

2. Sweetish astringent, taste of alum.
3. Saline, taste of common salt.

4. Alkaline, taste of soda.

5. Cooling, taste of saltpetre.

6. Bitter, taste of epsom salts.

7. Sour, taste of sulplniric acid.

8. Pungent, taste of sal-ammoniac.
9. Metallic, taste of zinc sulphate.

Odour.—Excepting a few gaseous and soluble species,

jninerals in the dry unchanged state do not give ofiF odour.

By friction, moistening with the brsath, and the elimina-

tion of some volatile ingredient by heat or acids, odours are

Bometiraes obtained which are thus designated :

—

1. Alliaceous, the odour of garlic. Friction of arsenical iron

elicits this odour; it may also be obtained from any of the arsenical

ores or salts by means of heat.

2. Horse-radish odour, the odour of decaying horse-radish. This
odour is strongly perceived when the ores of selenium are heated.

3. Sulphurous. Friction will elicit this odour from Dvrites, and
heat from many sulphurets.

4. Bituminous, the odour of bitumen.

5. Fetid, tlio odour of sulphuretted hydrogen or rotten eggs. It

is elicited by friction from some varieties of quartz and limestone.

6. Argillaceous, the odour of moistened clay. It is obtained

from serpentine and some allied minerals after moistening them
with the breath ; others, as pyrargillite, afford it when heated.

7. Empyreumatio or ozonic. Quartz, when two portions strike

one another.

Touch.—Some minerals are distinguished by a greasy

feeling, as talc ; others feel smooth, as celedonite ; others

meagre, like clay ; others cold. This last character distin-

guishes true gems from their imitations in glass. Some, in

virtue of their hygroscopic nature, adhere to the tongue.

Chemical Pkopekties or Minekaxs.

Influence of Chemical Composition on the External
Characters of Minerals.—That the characters of a com-
pound must to a certain extent depend on those of its

component elements seems, as a general proposition, to

admit of no doubt. Hence it might be supposed possible

from a knowledge of the composition of a mineral to draw
conclusions in reference to its form and its other properties

;

but practically this has riot yet been effected.

The distinction between the mineralizing and mineralizable or
the forming and formed elements lies at the foundation of all such
inquiries. Certain elements in a compound apparently e.\ert more
than an equal share of influence in determining its physical pro-

perties. Thus the more important~non-metallic elements, as o.xygen,

sulphur, chlorine, fluorine, are remarkable for the influence they
exert on the character of the compound. The sulphurets, for

example, have more similarity among themselves than the various
compounds of one and the same metal with the non-metallic tuaies.

Still more generally it would appear that the electro-negative

element in the compound is the most influential, or exerts the
greatest degree of active forming power. After the non-metallic
elements the brittle, easily fusible metals rank next in power ; then
the ductile ignoble metals ; then the noble metals ; then the brittle,

difficultly fusible ; and, last of all, the metals of the earths and
alkalies.

Generally each chemical substance crystallizes only in one form or

series of forms. Some substances, however, show dimorphism, or
crystallize in two forms, and thus may compose two or more minerals.

Thus sulphur, which in nature usually crystallizes in the right

prismatic system, when melted forms oblique prismatic cr^'stals.

Carbon in one form is the diamoud, in another graphite; carboncto

of lime appears as calc-spar and as aragonite ; the bisulphuret of iron

as pyrite and as marcasite. An example of trimorphism occurs in

titanic acid, forming the three distinct species anatase, rutile, a«d
brookite. It is remarkable that of dimorphic minerals one form is

almost always right prismatic; thus;

—

Bhomhic Form.
Cyanlte, anortliic Sillitnanlte, Andalustte.
Calc-spar, hexagonal „ Aragonite.
Suaannite, do LeadhilUte.

An'ause IPJ^-^ldal Brookito.

Pyrolusite, right prismatic PoIIaoite.

Cuprite, cubic Chalcotrlchite (?)

Senarraontite, cubic Valentlnlte.

Pyrite, do Marcasite.
Rammelsbergite.do Chloanthlte.
Argentite, do Acanthite.
Freieslebenite, oblique prismatic Diaphorite.

Sulphur, do, Sulphur.

Even the temperature at which a substance crystallizes influences

its forms, and so far its composition, as seen in aragonite, Glauber

salt, natron, and borax,

Isrimorphism.—Still more important is the doctrine of isomoi-

isomorphism, designating the fact that two Or more simple or P'"*'^

compound substances crystallize in one and the same form, or

often in forms which, though not identical, yet approximate,

very closely. This similarity of form is generally combined

with a similarity in other physical and in chemical properties.

Among minerals that crystallize lu the tesseral system,

isomorphism is of course common and perfect, there being

no diversity in the dimensions of the primary form ; but

for this very reason it is generally of less interest. It is of

more importance among crystals of the other systems, the

various series of which are separated from each other bjl

differences in the proportions of the primary form. In

these perfect identity is seldom observed, but only very

great similarity.

The more important isomorphic substances are either simple sub-

stances, as (1) fluorine and chlorine; (2) sulphur and selenium; (3)

arsenic, antimony ; (4) cobalt, iron, 'nickel ; (5) copper, silver,

mercury, gold (!); or combinations with oxygen, as (6) lime,

magnesia, and the protoxides of iron, manganese, zinc; (7) sesqui-

oxides, as of iron, manganese, chromium, and alumina ; (8)

phosphoric acid, vanadic acid, arsenic acid; (9) sulphuric, selenic,

chromic acids; or combinations with sulphur, as (10) siilphuret of

iron and of zinc; (U) sulphuret of antimony and of arsenic; (12)sul-

phuret of lead, of copper, and of silver. These substances are named
vic-arious from the singular property that in chemical compounds

they can mutually replace each other in definite proportions, and

Very often without producing apy important change in the form or

other physical properties. But there are numerous instances among
the silicates where the mutual replacement of the isomornhio
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bodies, esMci&Ilr when tho oxiJrs of the he«v7 metals come in the

room of the eartlu and alkalies, eierU a most essential influence on

the external aspect of the species, particularly in regard to colour,

•pecific grarity, and transparency. The varieties of hornblende,

angite, garnet, epidote, and many other minerals are remarkable

proofs ofthis influence. This intermixture of isomorphic elements

confer* many Taluable properties on minerals, and to it this depart-

ment of nature owes much of its variety and beauty. Without tho

occasional presence of the colouring substances, especially tho oxides

of iron and manganese, the non-metallic combinations would hayo

exhibited a Terr monotonous aspect. It is also remarkable that in

tome silicatea the substitution of a certain portion of tlie metallic

gzides for the earthy bases seems to bo almost a regular occurrence;

whilst in others, as the felspars and zeolites, this rarely happens.

This fact is also of great economic interest, as drawing attention to

important elements often combined with others of less value. Thus

Iron oxide and chrome oxide, sulphuret of copper and sulphuret of

tUver, nickel and cobalt, may be looked for in connexion. The

general chemical formula for such compounds is formed by writing

K (-radical or basis) for the whole isomorphic elements; and m
special instances their signs are placed one below tho other, con-

nected by a bracket, or, as is moro convenient, aro enclosed in

brackeU ono after the other separated by a comma. Thus the gene-

ral sign for the garnet is ft. Si, -H ti Si, which, when fully e.\-pressed,

becomes (Ca„ i^e„ lifo, lln,) S\, + (A\ 3Pe ie"r)§i; and this mineral

forms many varieties as the one or other clement prepouderates.

Of tho forms special to similar groups of atoms the more notable

are—the cubic system, special to metals proper, and binary

compounds as protoxides and haloid salts; the tetragonal to

binoxides; the rhombohedral to carbonates; the hexagonal to

sesquioxides and phosphates and their isomorphs; the prismatic

to sulphates and their isomorphs.

The isomorphism of minerals goes as a whole to show that foin.

depends on the number of molecules present, and is comparatively

little influenced by the nature of the molecules themselves.

DESCRIPTION OF MINERAL SPECIES.

The arrangement adopted in the follovring description

of mineral species is chemical Simple substances are

considered first, iu the order of their quantivalenco, then

binary compounds, and lastly those of more complex

structure. Our limits permit of the briefest notice of

the less important, in order that more space may be avail-

able for the delineation of tho characteristic and transition

forms of such as go to constitute the more important rock

The following abbreviations are used:—H., hardness;

O., specific gravity (distilled water at 60° Fahr. and

barometer 30 inches =1); cL, cleavage; sol., soluble;

8. [h. or n.] acid, sulphuric [hydrochloric or nitric] acid

;

B.B., before blowpipe; ox., oxidizing; red., reducing, c.c,

chemical composition ; com., combination.

In the chemical formulae, barred letters express two

equivalents, and the dots over the eymbols indicate the

combination with them of Jis many equivalents of oxygen

as there are dots.

In the symbolic notation the several faeea of crystals

are separated by semicolons, and the constituent members
of combinations by commas. Tho lettering on the faces of

the figures is fof the most part that adopted by Miller.

In the enumeration of crystal forms, that which is typical

of the mineral is placed first.

SIMPLE SCTBSTANCES.
1. SULPHtTE, S.

(o) Right prismatic. P (p) polar edges 106° 88', 84° 58', middle

edge 143° 17' ; ooP 101° 58' ; OP (c); iP(.s) ; Pco (n). Crystals

pyramidal, single or in druses ; also staloctitic, disseminated,

and pulverulent CI. basal and ooP. H. — I -5 to

25; G. -1'9 to 21. Fracture conchoidal or

epUctery ; brittle, sectile. Lustre resinous, streak

and colour Sulphur-yellow, passing into red, brown,
or green. Sublimes in the closed tube. Foses a
little above the temperature of boiling water.

Takes fire at 518° F. , and burns with a pale blue

flame with odour of sulphurous acid. C.c: pure
sulphur, occasionally mixed with traces of selenium,

ana when amorphous with clay or bitumen. Found
chiefly in Tertiary strata. Localities : Girccnti in

Sicily, with celestine ; Conil in Spain ; Bex in Switzerland ; Cracow
in Poland ; deposited from hot springs in Solfatara near Naples

;

from hot springs in Iceland ; from sulphur springs in New York ;

and in cavities of decomposing galena, cinnabar, and pyrites at

jeveral localities.

(6) Oblique prismatic. The crystals of volcdr.ie sulphur are of
this form ; they occur in the neighbourhood both cf extinct and of
recent volcanoes. They are slender, needle-shaped, and interlacing,

and have generally moro or less of a red-brown tinge. Oxhaveer
and Cape Reykjancs in Iceland, Sicily, and the volcanoes of

the Pacific, the Chilian Andes, and California yield this variety.

2. SEL£NsuLPnt;B, S.Sc.

Like sulphur, but reddis'i brown to orango-ycllow. B. B. bums
with fumes cf belenioos acid mixed with tTio sulphurous. Found
in tho crater of Volcano in the Lipari Islands, and Kilauea in

Hawaii.

Fig. 257.

8. Selenium, Se.

H. =2; G. = 4-3. Brownish black to lead-grey; thin splinters

translucent and red. From Culebras in Mexico.

4. TELLUKltTM, To.

Rhombohedral ; R 86° 50'. In minute hexagonal prisms, \vith

basal edges replaced ; usually massive and granular. CL lateral

perfect, basal imperfect. H. =2to 2 5 ; G. = 61 to 6-3. Tin-white;

sectile. C.c: tellurium with a little gold and iron. Occurs at

Facsebaya near Zalathna (Transylvania), and in several min« iu

Boulder county, Colorado ; masses 25 lb in weight have been obtained

there.

5. Aksexic, As

Rhombohedral ; R 85° 36' (fig. 258). Usually in botryoidai

investing masses composed of numberless layers. The structure i!

fine granular, rarely columnar. H. •=3'5; G. =5'7 to5'93. CI. basal

Colour black and dull, but when fresh broken very

splendent and silver-white ; fracture uneven.

When rubbed or heated gives out a garlic-like

odour. B. B. volatile, with formation of white fumes.

C.c: arsenic, with some antimony, and traces of „._
iron, silver, and gold. Andreasberg in the Harz, '=' " '

Annaberg, Schneeberg. Freiberg, Joachimsthal, AUemont (Dau-

phine), Kongsberg (Norway), the Altai, Chili, Pebble mine (Dum
iriesshire), Tyndrum (Perthshire).

6. Antimony, Sb.

Rhombohedral ; R 87° 35' ; but raiely crystallized, generally iu

foliated or granular masses. CI. basal. H. = 3 ; G. = 6 6 to 6 8. Tin-

white, with slight yellow tarnish. Brittle and sectile. B.B. easily

fusible; volatilizes, and on charcoal leaves a white deposit, burniug

with a pale Same. Found at Andreasberg, Przibram (Bohemia),

Sala (Sweden), AUemont, Southham in East Canada, and Borneo.

7. ALt-EMONTITE, SbAS3.

Hexagonal, spherical, rt niform, and investing. H. >= 3 '5
; G. = 6 '1

to 6 '2. Lustre, when fresh, metallic. Tin-white to lead-grey, but
with a blue or brown tarnish. B.B. strong odour of garlic, with
residuum of oxide of antimon)'. C.c: antimony 37 35, arsenic

62'16. Almost always in curved foliated laminae. Occurs at

AUemont, Przibram, Schladming in Styria, Andreasberg.

8. Bismuth, Bi.

Rhombohedral ; R 87° 40'. Crystals, B,OR, generally distorted
;

also reticulated, spear-head twins, or arborescent ; also disseminated
and granular. CI. basal, perfect. H. =2-5

: G. =96 to &-8. Brttle
and sectile. Reddish white, often tarnished grey, brown, or blue.

B.B. easily fusible, even in candle flame. Volatilizes on charcoal,
leaving a citron-yellow crust. Sol. in n. acid ; solution pre-
cipitated when thrown into water. Occurs in gneiss and clay
slate in veins and disseminated, along with ores of cobalt, silver,

lead, and zinc. Alva in Stirlingshire; Cumberland, Devonshire
and Cornwall, Schnceberg, llarienberg, Joachimsthal, Bicber,
Modum (Norway), Falun (Sweden), Bolivia.

9. 'Telluric Bismutu, BijTej.

Bismuth 52, tellurium 48. Virginia, Dahlonega in Georgin, Mon-
tana. A variety with 7 per cent, of selenium and H. - 2 also
occurs.

10. TETRADYiirrE, BijTojS.

Rhombohedral; 3R 68° 10'." Almost always twins of 8R and
OR, with the faces of OR at 93°. CI. basal, perfect. Sectile, and thin
laminoe flexible.' II. -1 to 2 ; G. -7-2 to 7-5. Steel-grey. B.R
fuses, yielding a grain of metal which ultimately volatilizes. SoL
in n. ocid. Co.: 69-6 bismuth, 85-9 tellurium, and iS sulphnr-
Schemnitz.
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11. Wehklite,- Bi(Te,S).

Hexagonal. CI. tasal. H. =! to 2; G. -8-44. Highlnstre. Steel-

grey. C.c: bisreuth 61 'IS, tellurium 2974, sulphur 2'33, silver

2'07. Deutsch-Pilseu in Hungary.

12. JosEiTE, Bi3Te3(SSe)2

.

Hexagonal. CI. basal. G. = 7 '93. Colour grey-black to steel-

grey. Brittle. Co.: tellurium 15'93, sulphur 315, selenium 1-48,

bismuth 79 'IS. San Jose (Brazil). A Cumberland variety

yielded tellurium 673, sulphur'6;43, bismuth 84 'SS, corresponding

to Bi^tTeS^).

13. I)IAM0ND, C.

Var. 1. Cryslallized.—Cubic ; very frequently hsmihedral.

Crystals most generally with curved faces. Twins common on the

octahedral face ; hemitropes also common (see figs. 170, 204, 205,

207). Crystals vary remarkably in appearance (see figs. 259 to 262).

CI. octahedral. H. — 10 ; G. = 3 5 to 3 '6. Transparent, or translucent

when of dark colour. Refracts light strongly. The back planes of

diamonds reflect all the light which strikes them at an angle exceed-

ing 24'" 13', and thence comes their peculiar brilliancy. High
adamantine lustre. Colourless, but often tinged white, grey, and
brown,—more rarely yellow, pink, blue, green, and black, those last

named being the rarest. Disperses light highly, and hence emits
brilliant flashes of all the colours of the spectrum. Becomes posi-

tively electric by friction. B.B. infusible, but burns into carbonic

Fig. 259. Fig. 260.

acid in oxygen gas. When air is excluded is unchanged at the
temperature of melting cast iron, but at that of melting malleable
iron is changed into a black coke, or, it is said, into graphite.

Insoluble in -all acids and alkalies. C.c: carbon, with traces of

silica and earths. Geologic formation apparently a laminated
flexible quartz rock called itacolumite, which occurs in Brazil, the
Urals, Georgia, and North Carolina, in the vicinity of places where
diamonds have been found. Minute crystals have been found in

xanthophyllite, and in talc slate and serpentine, in the Schischim-
skian bilk, near Zlatoust (Russia). They have also been obtained
in Brazil imbedded in a conglomerate composed of much-worn
uebbles of ouartz, chalcedony, and "old, cemented by limonite or

Fig. 261. Fig. 262.

ferruginous clay. In South Africa they are imbedded in a steatitic

clay. Diamonds were formerly obtained in India, at Panua, Raol-
conda, and Golconda. So few are no 7 obtained here that the mines
are let for £1 f>, year. From these mines were obtained not only
the Kohinoor, which was possibly the same as the great diamond
mentioned by Tavernier as having been seen by him in the pos-

session of the Great Mogul, which weighed 280 carats, but the
Regent, of 136 carats (which, not only from its size, b-jt from the
perfection of its form, is very much the finest diamond known), the

Nizam, an uncut diamond of 340 carats, and the Cailow, rose-

cut, 193 carats. More lately diamonds were found in great quantity

in the neighbourhood of Rio Janeiro in Brazil
; they occur in two

different deposits : the one called "gurgulho" consists of broken
quartz covered by a bed of sand ; the other, "cascalho," consists

of rolled quartz pebbles united by ferruginous clay ; both rest on
talcose clays, which are the debris from talcose rocks. The first

deposit aff'ords the finest diamonds, and both contain gold, plati-

num, magnetite, and rutile. A dodecahedral diamond of 257

ctnti WM Utaly foand »t Bogagem in this district ; thia was

reduced by cutting to an oblong brilliant of 125 carats, and is

the second most valuable diamond,^the Kohinoor, now reduced
to an imperfectly circular brilliant of 102 carats, occupying the
third place. The two coloured diamonds most worthy of note
are a green diamond in the Dresden collection weighing 31 carats,

which is a little deeper in tint than a beryl, and a blue diamond
in the Hope collection, of 44 carats, as highly coloured as a
sapphire, which it is by some considered to be. Diamonds have
lately been found in very large quantities, and some of great size,

north of the Cape of Good Hope ; these for the most part are of
yellow colour and of very inferior value. While a Brazilian cut
brilliant of one carat is worth from £20 to £25, the value of
the finest brilliants from the Cape is only from £3 to £4, and that
of the yellow diamonds is from £2 to £2, 10s. Apart from its

employment as an ornamental stone, the diamond has an intrinsic
value from its being utilized for cutting glass and for grinding and
polishing other gems. Of late years its usefulness has had a new
application, it being employed for the drilling of rocks in tunnelling
operations and in the boring of artesian wells. A singular observa-
tion has resulted from these last methods of utilizing it, namely,
that the hardness of the African diamonds, as tested by the amount
of their endurance, is markedly inferior to that of the Brazilian and
Indian. So much is this recognized that, while the bort, or
•minute crystals, of the latter command a price of 15s. per carat, the
African can be got for about 5s. The cleavage of certain of the
African diamonds is so eminent that even the heat of the hand causes
some ofthem to fall in pieces. Such diamonds, generally octahedra,
may be recognized by a peculiar watery lustre ; they are called plate
diamonds. The above facts give some ground for the supposition
that there may be a slight difference in their composition, possibly
that both may contain small, but different, quantities of hydrcgen.
The circumstances under which diamonds have been formed are
altogether unknown. The fact of their being changed into a kind
of coke at a very high temperature is an argument against their
having been produced through the operation of heat, and it has long
been known that an excess of carbon dissolved by molten cast iron
crystallizes on cooling in the form of graphite

; yet the only attempts
to form diamonds deserving of being mentioned as having been
attended with any measure of success are those in which sugar
charcoal was dissolved in m«lten silver at the temperature only of
melting steel. There were thus obtained a few minute black and
also colourless octahedral and cubo-octahedral crystals with carved
faces, mingled with a much larger amount of graphitoidal caroon.

Var. 2. Massive.—In black pebbles or masses called carbonado,
sometimes 1000 carats in weight. H. = 10; G. -3-012 to 3-42.
C.c: carbon except '27 to 2 07 per cent, of ash. Found in the
mines of Baranco, &c. , in Bahia.

Var. 3. Anthracitic.—Like anthracite, but scratches the diamond.
In manimillar masses, -partly in concentric layers, and globular.
Brittle. G. =1'66. C.c: carbon 97, hydrogen -5, oxygen TS.
When cut and polished, refracts and disDerses light, like the diamond.
Supposed from Brazil.

14. Graphite, C.
Hexagonal in flat crystals; p:p 86° 29'. Usually foliated,

scaly, or compact. CI. basal. H. =0-5 tol ; G. = 1-9 to 2-2. Lustre
metallic Colour and streak black to dar'- «teel-grey ; flexible in
thin laminie; very sectile; feels

greasy ; leaves a mark on paper
of its own colour; conducts elec-

tricity. B.B. burns with diffi-

culty ; heated with nitre, de-
flagrates. C.c. : carbon, with
small quantities of volatile
matter, and ash from 5 to 40 per
cent. Strathfarrer (Inverness-shire;, iiull, Craigman (Ayrshire),
Borrowdale in Cumberland, Ural Mountains Cevlon. Greenland'
Used for making pencils.

15. Tin, Sn.

Tetragonal in greyish white metallic grains. Reported as occur-
ring with Siberian gold; vrith bismuthite from Guanajuato in
Mexico.

16. Iron, Fe.

Cubic ; in grains and plates or disseminated. H. - 4 -5
; G. —

7 to 7 '8. Steel-grey or iron-black. Fracture hackly,' very
magnetic. B.B. infusible. Sol. in h. acid. Two varieties
are to be distinguished, (a) Telluric Iron, in grains and plates.
Almost pure iron, or contains graphite, carbon, lead, or copper, but
no nickel. At Chotzen in Bohemia in limestone ; in an argillaceous
sandstone in the keuper at Miihlhauscn ; in Thuringia along with
fossils

; in an ironstone conglomerate in Brazil, and in lava in
Auvergne ; in thd mine of Hackenburg ; at Bexley, in Liberia
Africa, along with quartz, a zeolite, and magnetite

; enclosed in
magnetite in Unst (Shetland) and in Sutherlandshire

; in basalt in
Antrim, Ireland; in the gold sands of Brazil, the Urals, and Olah-
pian (Transylvania), (b) ifclooric iron, steel-grey to silver-white.
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Fig. 264.

AlmiMt always runtiins niclcol, with cobalt, copper, and several

niincnU which arc nontcrrestrijl. When polished and etched

with nitric acid the surface is marked bv lines of uualTccted inter-

lacing cr)-3ta!s called WiJminnstattcn's figures ; most of the nickel

is coDtxined in these. Occurs in masses which vary in size from

the smallost microscopic dust as dredged from the depths of the

orcaa to upwards of 32.000 It). Many of these masses have been

««u to fall. Several (suspreted, hoivever, to be terrestrial) have

been found imbeJ.lod in a las.iltic rock near Disco Bay in Green-

land, one of which is 4f000 lb in weight Several contain

hydrogen in their pores, condensed to the extent of eight times the

volume of the mass; and the pitted depressions frequently objorrabla.

upin their surface give couutcnance to the view that, if not dis-

chiirged from a Tolcauic throat, they were set at liberty by some
Hidden di;rupting gaseous explosion

17. Zinc, Zn

.

Rhonibohedral. Said to be found in largo hexagonal pyramids.
CI. basal, perfect. H. -2; G. -7. Lustre metallic. Colour and
a'rcak bluish white. Found in a gcode in basalt near Melbourne,
Australia, coated with smitlisonite, erythrine, and aragonite ^Iso
ill the gold sands of the Mittamitta river.

18. CoFPER, Cu

.

Cubic (figs. 28, 30, 26, 33. 37, 264). Twins, on an octahedral face.

Cryst.Tls generally distorted. Often filiform and arborescent, or in

plates and lamine. H.-2-5 to 3; G. -85 to 8'9. Lustre dull
metallic. Colour and streak copper-red,

with yellow or brown tarnish. B. B. easil)

fusible, colouring the outer flame green,

'^l. in n. acid. Occurs in many rocks

(generally igneous), and frequently asso-

ciated with zeolites. In the Faroes, Unst
(Shetland), Cornwall, Chessy near Lyons,
the Banat (Hungary), Siberia, China,
Mexico, Brazil, Chili, and Australia.

Masses of great size are found, much the
1 irgest beiug from the Ontanagon river,

on the south of Lake Superior. One
mass found in February 1857 was 45 feet

ill length, 22 feet in width, and 8 feet in thickness; its weight was
420 tons. Another was found in 1869, 65 feet in length, 32 in

»ridth, and from 4 to 7 feet in thickness; this weighed upwards of

1000 tons, and had a value of 400,000 dollars.

19. Lead, Pb.

Cubic, but only in thin plates, capillary or filiform. 01. none.

H. -1-5; G. -11-36 to 11-4. Ductile, malleable, and sectile.

Bluish grey, but with a blackish tarnish. Found in lava in Madeira,
and at the mines near Cartagena in Spain ; in amygdaloid near
Weissig ; in basaltic tufa at Rautcnberg in Moravia ; with gold near
Mount Alatau in the Altai, at Velika in Slavonia, and at Olahpian
in Transylvania; near Ekaterinburg in the Urals; iu the district

of Zomelahuacan in Vera Cruz, in foliated galena, in granule . lime-
stone ; in the iron and manganese bed of Paisberg in W'ermland
(Sweden), with haematite, magnetite, and hausmannite ; in white
quartz, north-west, near the Dog Lake of the Eaministiquia, an
affluent of Lake Superior ; imbedded in hornstone in plates and
grains, in the mine of Bogoslovskoi in the Kirghiz steppes; in gicen-
stone porphyry at Sttitzerbach in Tluiringia ; with haematite in the
islands of Kias on the west coa.st of Sumatra.

20. Mercury, Hg.
Cubic. Occurs in small liquid globules in its gangue, bnt may

besolidifiedat-39°, when it forms octahedral crystals. G. = 13£96
wheu liquid, 15-612 when solid. Lustre brilliant metallic; tin-
white. B.B. volatile, eomctimcs leaving a little silver. Readily
sol. iu n. acid. Occurs generally in clay shales or schists of dif-

ferent ages. The globules of mercury are usually found in rents
iu cinnabar, or accompanying calomel, at most of the localities for
these minerals. Found at Idria in Carniolaand Almaden in Spain.
At Idria it is obtained by washing a soft clay slate. In Transylvania
and Galicia springs issuing from the Carpathian sandstone bear
nlong globules of mercury. At the Pioneer mine in California some
of the quartz geodcs contain several pounds of mercury. At Cividale
ill Loinbardy it is found in an Eocene marl. It has also been
observed occasionally in drift, and has even been stated to have
been found in a peat bog.

21. StLVEn, Ag.
Cubic (figs. 26, 30, 33, 40, 37). Crystals generally small, also and

most frequently filiform, arborescent, and in plates or crusts. These
either project into cavities, coat their surfaces, or ramify in a reticu-
lated manner throughout the mass of the rock. Iwins of o-.tahcdral
aud trapetohedral composition. Noel. H.— 25 to 3; G. — 101
toll'l. Lustre metallic. Colourand streak eilver-white, but generally
tarnished yellow, brown, or black. Malleable, ductile, and sectile
but less so thiin gold. B. B. easily fusible. Sol. in n. acid •

the solution colours the skin black. C.c ; silver, with varying

proportions of gold, platinum, mercory, copper, anfmony, am'J

bismuth. The auriferous from Norway contains silver 72, gold 28 ;

from quarU reefs in Sutherland, silver 714, gold 28-6. The
cupriferous from Courcy near Caen contains 10 per cent, of copper.

The antimonial from Bohemia contains 1 per cent, of antimony.
The mercurial from Kongsberg in Norway has '4 of mercury, found
chiefly in veins in gneiss, clay slate, and limestone. Localities:

Alva and elsewhere in Scotland, Ballycorus in Ireland, and Convwall

in England ; at Freiberg, Andreasbcrg, and Kongsberg ; al mg
with native copper at Lake Superior ; in Mexico, in Peru, and in

the United States. The finest crystalliziid silver occurs at Lake
Superior, and at Kongsberg. - At the last locality the cr}'stals

are an inch in diameter, and are disposed on large filiform

brushes. Silver occurs in large masses ; three of 436, 560, 812 ft

have been recorded from Kongsberg. A block which smelted

44,000 lb w-as for some years used as a table by Duke Albert on
his annual visits of inspection to the Schneeberg mine in Saxony.
A Mexican specimen w-as found of 400 lb; the mines of Huantaya
in Peru have yielded masses of 444 and 960 lb. Britain produces
annually about 760,000 oz. of silver, chiefly, however, from lead

ores. The value of annual produce for the whole world Irom all

sources is from 8 to 10 millions of pounds sterling.

22. SCHNEIDERITE (Gold Amalgam), AujHgj.
Tetragonal four-sided prisms, easily crumbling, yellowish white

to white ; sometimes in grains the size of a pea. C.c: gold 41 63,

mercury 58-37. Found at ilariposa in California. A variety

(Au, Ag), Hgj is found along with platinum in Colombia ; this
contains gold 38-39, silver 5, mercury 67-40.

23. Arquerite, AgjHg
Cubic. In octahedra, also in grains and dendrites. G. = 10'8.

Like native silver, bnt softer. C.c. : silver86'5, mercury 13 5. From
Arqueros in Coquimbo, Chili. KongslcrgiU, Ag„Hg, occuis at

Kongsberg, with 95 1 of silver and 4-9 of mercury.

24. Amalgam, Ag.Hgj, andAgHgj.
Cubic (fig. 33, in combination with 40, 30, 41, 38). 01. doaeca-

hedral. H. = 3 to 35 ; G. = 10-5 to 14. Colour and streak silver-

white. Fracture conchoidal, brittle, grates when cut. In closed
tube yields mercury and leaves silver. Sol. in n. acid. The first

variety (silver 34-8, mercury 65-2) occurs at MoschelUndsberg
in the Palatinate, where the veins of mercury and silver intersect

one another; the second (silver 26-25, mercury 73-75) t"here,

and also at Allcmont in Dauphine, ALmaden in Spain, in
Hungary, and in Sweden. From Kosilla in At-icaroa (Chili)

Domeyko reports the following other compounds : AgjIIg^ , silver

46 8, mercury 53 -2, white and silvery ; AgHg, silver 55 1, mercury
44-9, granular and dull; Ag5Hg3, silver 64-2, mercury j5-8;"of the
last there is a mass weighing 22 lb in the museum of Santiago.

25. Gold, Au .

Cubic (figs. 30, 26, 33, 40, 36) and more complex forms. Crystals
generally small and indistinct through elongation, assuming capillary
and arborescent shapes. Also in thin plates. Twins rare; twin face
octahedral. Frequently in rounded and apparently colloidal masses
impacted in clay, or loose in small grains (pipettes) rolling in th*
bed of streams. Fig. 265 is of such a mass fourd in Sutherland.
No cl. H. -2-5 to 3 ; G. =17 to 19-4. Lustre metallic, but fre«

quently dull and partly

coated with a brown crust.

Colour and streak yellow-
ish white to bright gold-
yellow. Malleable, ductile,

and sectile ; the purer
varieties the more so and
the softer. . B.B. easily

fusible. Sol. in aqua regia,

generally with precipitation
of chloride of silver. Solu-
tion yellow, stains skin
purple-red, with corrosion.

C.c.
: gold, with silver from '72 to 26 per cent ; sometimes iron and

copper under 1 per cent. Found in beds and veins generally of
(Juartz in metamorphic rocks of a schistose nature, rarely in diorite
and porphyry, and very rarely in granite. Its general associate
is limonite, formed from decomposition of pyrite ; sometimes also
ha;matite and magnetite. Occurs also in microscopic grains in
quartz, from which it is extracted by crushing and am.algamation.
The geologic range is from the Azoic to the Tertiary and Cretaceous,
as in California

; but even in these more recent rocks the original
source must have been at least Palffiozoic. Of localities which yield
gold the following may be -joticed :—the Leadhills in Scotland,
Wicklow in Ireland, Dolgelly in North Wales, Cornwall in
England; Transylvania, Hungary, and Piedmont; the Urals,
Ekaterinburg, and India

; Kordofar, the coast opposite Mada^
car, and the Gold Coast (the fame of which h.is been recently re-
vived)

; Mmas Geraes in Brazil, Bolivia, North Carolina, and

Fig. 265.
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Catifomia ; and more recently New South Wales and Queensland
in Austialia, Tasmania, and New Zealand.
Some of the largest single masses of gold found in recent times are

the following:—one of 22 oz. in Transylvania, of 28 lb in North
Carolina, of 20 tb in California, one of 96 tb troy near Miask in the

Urals, and one of 181 lb 8 oz., which yielded £8376, lOs. 6d., at

Balli^rat, Australia.

The annual produce of gold from Australia is about 5 millions of

pounds sterling, of the United States about 15 millions, and the

whole earth about 23 millions.'

The following sub-species may be noticed :

—

1. Eledrum. This name for the alloys of gold and silver

was applied by Pliny, whenever the proportion of tbe latter

metal was one-lifth. An alloy of 2 gold and 1 silver contains 21 per

feat, of silver; this is found in Sutherland. One of 1 to 1 contains

86 per cent, of silver, this last being the most' usual proportion.

It occurs in Transylvania, in the Altai, and in Colombia, Its

colour is brass-yellow to yellowish white. G. — 12-6 to 15 '5.

2. Porpczite, or Palladium Gold {ouro-poudrl), from Porpez in

Brazil, contains 9'85 percent, of palladium and 4-17 of silver.

3. khodium Gold, from Mexico (G. =15'5 to 16'8), contains from
34 to 43 per cent, of rhodium.

26. Platinum, Pt.

Cubic ; rarely in small cubes or octahedrons, usually in minute
scaly grains, sometimes cohering, and also in rounded lumps. No cl.

H. = 4 to 4 '5 ; G. = 1 7 to 1 9. Lustre metallic. Colour and streak pale

steel-grey. Malleable and ductile with difficulty, haying a hackly

fracture. "When containing much iron, ma^netipolar. B. B. in-

fusible. SoL in aqua regia, but only when heated ; solution red
;

corrodes 'the skin. Co.: platinum, but never to a greater extent

than 86 '5 per cent. The remainder consists of iron, iridium, rhodium,

palladium, osmium, gold, copper, and a mechanical mixture of irid-

osmine. The iron exists in quantities varying from 4 '3 per cent, to

double that amount. Occurs in Brazil in syenite ; near Popayan
(Colombia) in alluvium, associated with chromite, iridium, palla-

'

dium, gold, and copper ; in the Urals in alluvium derived from

crystalline rocks; and at Nijni-Tagilsk in serpentine along with

chromite. It is also found in Borneo, California, and Carolina, and
is said to have been found in the county of Wicklow in Ireland.

Tbe sands of many rivers yield it in small amount. Platinum, does

not occur in large masses. A mass in the Madrid Museum from

Condoto weighs 26i cz. ; masses have been found in the Urals from

11 to 21 lb.

Iron Platina is a sub-species. This, which has a composition

FePt,, and contains from 11 to 13 per cent, of iron, is found at

Nijni-Tagilsk. G. -14-6 to 15-8
; H. =6. It is raagnetipolar, and

attracts iron much more strongly than an ordinary magnet.

27. Platiniridium.

In minute silver-white grains. H-. =6 to 7 ; G. =16-94 to 22-8.

Contains 55 '44 platinum, 27'79 iridium, 6'86 rhodium, 4 '14 iron,

8 '3 copper, '49 palladium. Is found in Brazil.

28. lEipiUM, Ir.

Cubic (fig. 27). H. =6 to 7; G. «=21-57 to 23-46. CL cubic, traces.

Tery slightly malleable. Silver-white to steel-grey. B.B. un-

changed. Insoluble in all acids. Co. : 76-8 iridium, 19 '64

platinum, 0-89 palladium, 178 copper. Found at Nijni-Tagilsk,

generally in min\ite grains.' Is the heaviest known substance.

,4Dai(«, sub-species. From Ava in India. Co.: 60 iridium,

20 platinum (according to Prinsep).

29. Palladiitm, Pd.

Cubic ; in minute octahedrons, and in grains. H. = 4 '5 to 5 ; G. —
ll'3toll'8. Malleable. Light steel-grey. B.B. infusible. Slowly

dissolves in n. acid, forming a brown-red solution. C. c. : palla-

dium, with a little platinum and iadium. From the gold. sands

of Brazil, often in small plumose crystalline lumps. Also from St

Domingo, and the Urals. Does not tarnish with sulphurous fumes.

30. Alloijalladium, Pdj.

Hexagonal; in small tiat hexagons. Cl. basal, perfect. Lustre

bright silvery. Colour pale steel-grey. From Tilkerode in the

Harz, with gold.

31. Newjanskitb {Osmiridium), IrOs (iridium 49 '78, osmium
50-22) and IrjOs.

Hexagonal; P 124°. OP, P, "P. Generally in flat scales.

Cl. basal perfect. H. = 7; G. -"ISS to 19-47. Lustre -metallic.

Colour tin-white. B. B. unchanged. Insoluble

in al! acids. The analyses of this mineral give

quantities of iridium varying from 44 to 77 per

cent. , and of osmium frtim 21 to 49. Kuthenium,

rhodium, and platinum make up the 100 parts. j,. ggg

The largest quantity of ruthenitm is 8-49, and

one variety from New Granada was found to contain no ruthenium,

but 12-3 of rhodium, which is more than double its usual amount.

Oecurs -with platinum in Choco (Colombia) ; at Newjausk and

several localities in the Urals, in Australia, in northern California

(somewhat abundantly in gold sands), also in Canada.

32. SissERSKiTE {Tridos-nium), IrOs^ (iridium 19-9, osmium 80'1)

and IrOsj (iridium ?4 8, osmium 75 '2).

Rhombohedral ; R = 84° 28'. H. = 7 '5
; G. - 21 -12. Colour lea.l -

grey to bluish. B.B. becomes black, with strong odour of osmic

acid ; in flame of spirit-lamp shines strongly, and colours jlame

yellowish red. Occurs in small quantity with newjanskite at all

its localities, and in proportionally larger quantity at Sissersk in the

Urals. It is used for pointing gold pens, and in the United States

sells at 50 dollars an ounce.

COMPOUNDS OF FLUORINE, CHLORINE, BROMINE,
AND IODINE (HALOID SALTS).

33. TLVoniTE, {Fluor-spar), CaF.

Cubic (figs. 267 to 270, also figs. 31, 33, 36, 65, 66, 57, 68) ; also

divergent crystalline, granular, and compact. Cl. octahedra'

;

fracture conchoidal ; brittle. H. =4 ; G. =3-1 to 3-2. Transparent

to pellucid. Lustre vitreous. Colourless, but generally colouicd

imrple, blue, green, yellow, white, black, and pink. Sometimis

two or three colours disposed in layers in one crystal. Frequently

ng. 267. Fig. 268.

Fig. 269. Fig. 270.

phosphoresces with diflerent tints bf light, when heated. B.B . de-

crepitates and fuses to an opaque bead. Sol. in s. acid with evolution

of hydroflnoriii acid. C.c. : 51-3 calcium, 48-7 fluorine. Common
in veins, generally associated with metallic ores. Shetland, Suther-

land, on the Avon, and Ballater in Scotland; Cumberland,

Northumberland, Derbyshire, and Cornwall; Saxony, Bohemia,

Freiberg. Used to be turned into vases and other ornaments ("bln«

John ") ; formerly employed as a flux, now for etching and obscuring

glass.

34. YtTKOCERITE;

In crystalline crusts. H. = 4to6; G.=3-4to3-6. Translucent,

vitreous. Violet-blue to grey or white. B.B. infusible. Evolves

fluorine when heated with sulphuric acid. Co : fluorides of cerium,

yttrium, and calcium. Finbo and Broddbo near Falun (Sweden),

Massachusetts and New York.

85. Fluooerite, CeF-hCejFa.

HexagonaL H. =4 to 5; G. =4-7. Opaque or translucent on the

edges. Pale brick-red or yellowish ; streak yellowish white. B. B.

infusible. In closed tube gives out hydrofluoric acid. C.c: 82-64

peroxide of cerium, 1-12 yttria, .16-24 hydrofluoric acid. Finbo

and Broddbo.

36. Fluooejiine, CejFj-fCCejOj + HjO).

Massive ; fracture conchoidal H. =4-5 to 6. Opaque ;
resinous.

Bright yellow to reddish brown; streak brownish yellow. B.B.

infusible, darkens with the heat ; colour restdred on cooling. C.c.

:

cerium 17 6, fluorine 10-9, sesquioxide of cerium 66-4, yater 6"1.

From Finbo.

37. Bastnaesite, CejF,-hCej,Oa-f4HjO, and

38. HAMARTrrE,2(LaO,CeO)3CO,-fC6Fa^ are similar. The first ij

from Bastnaes in Sweden, the second from Pike s Peak in Colorada
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H. - 3. Lustre

Stenna-gwyn in CornwalL

iW'
Fig. 271.

Fig. 272 (species 42).

39. Flceluti, Al.r,.

Kight prismatic. In acute rhombic octahedrons with truncated

apex. Polaredgcs 109' 6' and 82*12', middle 144°.

ffitrcous. Colour white; transparent.

40. Crtolitf, 3N'aF + Al;F,.

Anorthic ; but mostly in cleav-

ablo masses. U : T 9V 5T ; P:T
90* Sf; P-.it 90° 40'. a P
perfect, M and T imperfect

;

brittle. H. - 2 -5 ; G. - 2 -9 to 3 08.

Vitreous, somewhat pearly on P.

Translucent ; after immersion in

water transparent. Colourless and
•now-white ; but when deep-seated

brown to bl.ick. Melts even in

flame of cahdie to a white enamel,
lu open tube traces of hydrofluoric

•cid. Sol. in s. acid. C.c. : alumi-
nium 13, sodium 323, fluorine 54 '2.

Arksutfiord, Greenland ; Miask,
Siberia. Used for manufacture of a white glass, and extraction of

aluminium.

41. ARKStrriTJ!, (Ca^'a),F-^Al,F,. Ca:Na-l:S.
Massive granular. H. -2'5; G. -303 to 318. CI. one distinct.

Vitreous; white; translucent. Co.: aluminium 18 '6, sodium 23'
3,

calcium 6 8, fluorine 61-3. Arksutfiord.

42. CniOLiTE, SNaF-)-2Al,F,.

Pyramidal, and twins (fig. 272).

Middle edge 111° 14'. Mostly granu-
lar. CL imperfect. H. -4; 6. -284
to 2 '9. Resinous ; white. Fuses more
easily than cryolite ; evolves hydro-
fluoric acid. C.e. : aluminium 186,
Bodium 23 '4, fluori;io 68. Umen
Uta. near Miask.

43. Chod.neffite, 2NaF-fAljF,.
G. — 3. Other characters like chiolite, and from same locality.

44. Pachnolite, 3(CaNa)F -i- A1jF, -f 2HaO . Ca:Na = 3:2.

Oblique prismatic. ooP98°34'; always twins- Vitreous ; white

;

semitransparent C.c. : aluminium 12"3, calcium 161, sodium 12'4,

fluorine 61 1, water 81. Evolves water with crackling, when
lieatcd ; other characters like cr\'olit* along with which it occurs in

Greenland.

45. TuoasE.vouTE, 2(CaNa)F-t-Al3F,-t-2H,0. Ca:Na = 7:3.
Oblique prismatic. Prismatic planes striated; ooP 89° (fig. 273).

CI. basal, perfect. H. - 2 -f. to 4 ; 6. - 2 74 to 2 76. Vitreous ; cleay-

age face pearly. White with yellow crust; translu-

cent. C.c: aluminium 15, calcium 15 '4, sodium
7 6, fluorine 62 2, water 98. B. B. fuses more easily
than cryolite to clear glass, decrepitating violently.
Along With cryolite in Greenland.

46. Cearksctite, Ca,F-t-AljF,-H4HjO.
Earthy, fl. -2. White; dull ; opaque. C.c:

aluminium 16-6, calcium 193, sodium 25, fluorine

41-2, water 20 3. Along with cryolite.

47. EviOTOKiTE, 2CaF,-t'AljF,-l-2H,0.

Crj-stallino. Soft; brittl i ; like kaolin. 'C.c:
calcium 2239, aluminium 16?3, sodium "43,

fluorine 66-24, water 6 71. Arksutfiord, Green- ^ig- 273 (sp. 45).

bnd.

48. PaosopiTB.

Oblique prismatic A hydrated silico-fluoride

of aluminium and calcium. H. -4;. G. -2-89.
Colourless imbedded crj-stals. From t'^e tin-
mines of Altcnberg.

49. Calomeo, Hg,Cl

.

Pyramidal ; P ISf." 60' (fig. 274). H. -1 to 2 ;

O. — 64 to 65. Translucent ; adamantine. Vcl-
lowish white to grey. Sublimes unchanged in closed
tube ; with eoda yields mercury. InsoL in n. acid.
C. c : mercury 85, chlorine 16. Moschcllandsberg,
Idria, AlmaaeiL

60. Sylvite, KCl.
Cubic (figs. 26, 30); also massive. Cl. cubic

H. -2; 0-1-9 to 2. White or colourless.

Vitreous; soluble; taste like common salt. ''8- 274 (sp. 49).

C.c: potassium 62'5, chlorino 47 6. B. B. fuses, and colours
flame violet Crater of Vesuvius, and salt beds of Stassfurt.

61. Halite (Common Sail, HocX-salt), NaCl.

Cubio (fig.21) ; generally granular, sometimes fibrous. CL cubic

H. -2- G. -2-1 to 2-2. Transparent to translucent; -vitreous.

Colourless or white ; but often coloured red, yellow, or blue.

Taste saline. B.B. fuses and partly evaporates; colours flame

yellow Cc: sodium 39-3, chlorino 60 7. In great beds at

Wieliczka, Salzburg, Bex, &c, on the Continent; Cheshire in

England, is an efflorescence in Brazil, Abyssinia, the C.ispian and

Aral Seas. As a sublimation among lavas at Vesuvius and other

volcanoes.

62. SalmiAC, NHjCl.

Cubic (figs. 30, 40, and 41 with 26, S3, 40). Cl. octahedral
;
also

stalactitic, globular, and as an cffloresceDCC. H. = 1 -5 to 2 ; G. - 1 -5

to 1-6. Pellucid; vitreous. Colourless, but sometimes stained.

Taste pungent. B.B. directly volatile; in copper colours flame

blue-^reen. C.c. : 32 ammonia, 66-4 chlorine. A sublimate on

active volcanoes. Vesuvius, island of Volcano, Iceland. Near

coal-scams which have taken fire, in Scotland and at Newcastle.

53. Chloko-Calcite, Caa-f(KCl, NaQ).

Cubic Vesuvian bombs.

64. Cerarovrite, AgCl.

Cubic (fig. 26). Twins on -octahedral face. No cl. ; chiefly

massive in crusts. H. -Ito 1-5; G. =5-5to 5 6. Fracture con-

choidal- Malleable. Translucent ; adamantine to resinous. Grey,

yellowish, and greenish. B.B. fuses easily to a dark bead, reduced

in inner flame. Soluble in ammonia. C.c: silver 75, chlorine

25. Johann-Georgenstadt, Mexico, Peru.

55. Embolite, 2AgBr-f3AgCT.

Cubic (fig. 29); also massive or concretionary. H. =ltol-5;
G. — 5-8. Adamantine to resinous. Green and yellowish green.

C.c: silver 67, chlorine 13. bromine 20. Chili, Mexico, Honduras.

56. Bromite, AgBr.
Cubic (figs. 26, 30). H. = 1 to 2; G. = 5 -8 to 6. Splendent Yellow

to olive-green; streak siskin -green. B.B. fusible easily. C.c:
silver 57-5, bromine 42-5. San Onofrs and Plateros (Mexico)..

57. Iodite, Agl.

Hexagonal. Cl. basal ; also massive, and in crystalline platen

some inches in width; these are flexible. H. ^1 to 1-5; G. =
6-5 to 5-7. Translucent ; adamantine. Citron and sulphui^yellow;
streak yellow. B.B. fusible, colours the flame purple-red, and
leaves button of silver. C.c: silver 46, iodine 54. Zacatecas in

Mexico, Algodones in Chili, Arizona, rarely in Spain.

68. COCCINITE, Hglj.

In grains of an adamantine lustre, from Casas-Viejas in Mexico.
(Dolour red to yellow ; in acute rhombic prisms. Also from Zimatiau
and Culebras.

69. TocoRNAc;LrrE, Agl-i-HgjI

.

Amorphous, yellow, soft. ChaBarciUo in ChilL

60. COTHNNITE, PbCl.

Right prismatic- H. -=2; G. = 5-2S8. Transparent ; high ada-
mantine to pearly. White. C.c. : lead 74, chlorine 26. Crater of

Vesuvius.

61. MOLTSITE, FcjClj.

Incrusting. Brownish red and yellow. On lavas of Vesuvius.
C.c: iron 34-5, chlorine 65-5.

62. Carnallite, KCl-(-2MgCl-H2HjO.
Right prismatic. Noel. Conchoidal fracture. H. — 2 to 2-5;

G. = 1-6. Colourless, generally red from iron. C.c. : 34-2 chloride
of mi^gnesium, 26 -9 chloride ol potassium, 38 -9 , water. Stassfurt,
Galicia, Persia.

63. TACHnVDRiTE, CaCl-f2Mga-fa2HjO.
Massive. Yellow, translucent, very deliquescent. In anhydrite.

C.c: calcium 7-46. magnesium 9-51, chlorine 40-34, water 42-69.
Stassfurt.

64. Kremersite, KCl-fNHjCl-i-FejCla-f 3H,0.
Cubic ; in octahedra. Euby-red. Soluble. Fumaroles of

Vesuvius.

65. Erithrosiderite, 2KCl-l-re,Clj-i-2H,0.
Eight prismatic. Vesuvian leva.

66. Matlockite, Pba-fPbO.
Pyramidal

; P 136° 1?'. Crystals tabular. Cl basal ; fracture
conchoidal. H. -2-5; 0.-721. Translucent; adamantine.
Yellowish white B.B. fuses easily with decrepiution ; colours
flame blue. C.c: chloride of lead 55-5, oxide of lead 44-5.
Cromford in Derbyshire.

67. Mendipite, PbCl-H2Pb0.
Eight prismatic; chiefly massive Cl. ooP perfect 102' 86'. H. -2-S

to 3 ;
G. - 7 - to 7 -1. Fracture conchoidal. Translucent ; adaman-

tine to pearly. YeUowish or greyish white. BB. decrepitates, fuses



MINERALOGY 385

G.=57 to6'3.
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Ulrereton In Lancashire ; specnlar iron at Tavistock in Devonshire
and in Cumberland. MaHiU seems to be the same substance in

pseudomorphs after magnetite ; it occnrt in octahedia in Bate,
Fiamont (Vosg»s), New York, and BraziL

83. Ilmejite, (Fe,Ti),0,.

Khombohedral ; R 86°. Crystals rbombohcdral and taholar, also

intrina. CL basal ; fracture conchoidaL H. -5 to6;G. -^'OetoS.
Opaqae, semimetallic, iron-black

to dark brown ; str«ak black or

reddish brown. Sometimes slightly-

magnetic. B.B. infusible, bnt with
microcosmic salt forms a red glass.

Slowly sol. in a acid when pow-
dered. C.c: peroiideof iron, with
from 8 to S3 per cent oxide of

titanium. Occurs in metamor-
phic rocks. Common in chloritio "S- 231,

fneiss in Scotland ; Henaccan (Cornwall), llmen Moantains, Salz-

org, Egersund (Norway), Aiendal, Dannhin^ ' CricfUonite), JIassa-
«hasetts ( tFathingUmiU).

84. ISEBtNZ.

Cubic ; in octahedra. Strongly magnetic ; in other respects similar

to ilmenite, but occurs in igneous rocks. Common as black iron-

«and in Scotland ; Iserweise in Bohemia, Anvergne, Canada, New
Zealand.

8. CoMPOtrjTDs OF SKsQxnonBEa wrn» 'Pkotoxtdm (SpijrEts).

85. Maoketite, FeO, FejO,.

Cubic (fig^. 35, 30, 33, 29, 84, 37, with 40, 41, 36). Hemi-
tropes common on octahedral face (fig. 169). Twins (fig. 261). Faces
of ooO striated in long diagonaL Often compact and granular. 01.

octahedral; fracture conchoidal or uneven ; brittle. H. — 5'5to6'6;
O — 4 9 to 5 '2 Opaque ; lustre metallic. Iron-black to brown

;

streak black. Highly magnetic ; often polar, forming natural
magneta B.B. becomes brown and non-magnetic, fusing with
difficulty. Powder soL in h. acid. C.c. : 31 protoxide and 69 per-
oxide of iron; or 72-4 iron, 27 6 oxygen; sometimes with titanic acid.
In crystals is Shetland and Sutherland ; also Cornwall and Antrim,
Traveraella (Piedmont), Tyrol, Styria. Massive at Dannemora and
Taberg (Sweden), Norway, Urals, Harz, Saxony, Elba. This is

the most important ore in Norway, Sweden and fiussia, and affords
the finest iron.

88. Maokesio-Febrite, MgO, Fe,0,.

OaWc (fig 30). H.-6 to «-5; G.-4-57 to 4-66. Other
characters same as magnetite. C. c. : magnesia 20, peroxide of iron
87. Fnmaroles of Vesuvius.

87. Jacobsite, (MnO, MgO), (Fe,Oj, MnjO,).
Cubic ; 0. Black ; vitreous ; streak red. Nordmark in Sweden.
88. Frankuxite, (FoO, ZnO, MnO), {Fefi,, MnjOj).
Cubic (flgs. 34, 64) ; also granular. CI. octahedral ; fracture

conchoidal
; brittle. H.-5-5 to 6-5; G.-507. Metallic lustre.

Iron-black ; streak reddish brown. Opaque ; slightly magnetic.
B. B. infusible, but shines and throws out sparks. On charcoal witli
•oda a deposit of oiide of zinc. Sol. in h. acid with evolution of
chlorine. C.c. : about 67 iron oxide, 17 manganese peroxide, 16
zinc oxide. Franklin and Sterling (New Jersey).

89. Chbomite, FeO, CrjO,

.

Cubic; in octahedra, generally granular-masjive. 'B.—SS-'
G. - 4 -4 to 4 5. Opaque

; semimetaUic to resinous. Iron-black to
dark brown ; streak reddish brown. Fracture unevep ; sometimes
magnetic. B.B. unchanged

; in red. flame becomes magnetic; with
borax forms an emerald-greeij bead. Not soluble in acids, 'c.c.

:

19 U- 37 protoxide of iron, to 15 magnesia, 36 to 64 peroxide of
chromium, J to 21 alumina. Unst (Shetland), Towanrioff (Aber-
deenshire), Silesia, Bohemia, Styria, Urals, Turkey, Baltimore
Massachusetts, and Hoboken. The ore of chromium ; used for
dyes. IrUe is chromite mixed with iridosmium.

60. UitANiNtTE {Pilch Blende), UO, U,0,.
Cubic (fig. 30); usually massive and botryoidal. H. -5 to 6-

'3-6-5to8. Lustre pitch-like to submetallic. Colour velvet-black'
brownish black, and grey. B.B. infusible. Not sol. in h. acid'
bat easily in hot n. acid. C. o. : pxidesof uranium 80, with a mixture
of other oxides. Johann-Gcorgenstadt, Annaberg, Przibram, Red-
ruth in Cornwall. The chief ore of uranium.

91. Gah.vite, ZnO, AljO,.

Cubia (figi. 166, 30, 33, and with S9, 40). Hemitropcs like
magnetite. CL ; brittle, with conchoidal fracture. H. -7-6to
* ; '^. - 4 -3 to 4 -9. Opaque ; vitreous to resinous. Dark leek -green
to blue; streak grey. B.B. unchanged. Unaffected by acids or

Ti jj
' .^''- <<o="<J« of zinc, 66 alumina. Falun, Broddbo,

Haddam in Connecticiit, and Franklin in Now Jersey. DysluUe
contains 42 per cent, sesquiosidc of iron; and KreitUmite contains
84 oxide of manganoe *

92. Hebctnite, FcO, A1,0,.

Cubic ;
generally granular massive. H. »-7"6 to 3 ; G.-=3'3 i*

3-96. B.B. infiisible. C.c. : oxide of iron 4ri, aluniina 68 ».

Bonsberg in the Bubmerwald.

93. SriNEL, MgO, AljO,.

Cubic (figs. 30, 83, 40 with 26); hemitropcs united bylace oi 0. Ul.

octahedral ; fracture conchoidal. H. =8 ; 0. -"Si to 4-1. T?aii3-

paroiit to opaque ; vitreous. Black, red, blue, green ; streak wliite.

B.B. infusible and unchanged. C.c: 28 magnesia, 72 alumina;

some with a little iron, and the red varieties some chromium.

Varieties are

—

Spinel Rvby when scarlet, Balas Ruby when rose-red

;

both often sold as the true ruby, but not nearly so valuable ; whfU

of 4 carats valued at half the price ofa diamond the same size. Thee

Fig. 282. Fig. 283.

Fig. 284 (sp. 94).

come from Pegu (native name Balachan) The violet-colonred.is the

A labandine ruby from Alabandin in Caria, (Asia Minor). The orange

red is the Rubicella. The above also occur at Ceylon, Ava, and Siam.
Sapphirine is pale ^apphire-blue to greenish or

reddish blue ; from Aker in Sweden, Greenland,

and North America. Pleonaste, dark green or

blue to black ; from Candy in Ceylon. Chloro-

spinel, grass-green with a yellowish white
streak ; from Zlatoust. Water-spinel colour-

less ; from Ceylon, Pico lite is a dark blue
chromiferous variety from serpentine.

94. Chktsobebtl, GIO, AljOj.

Eight prismatic (fig. 284). Twins common,
united by a face of Poo (fig. 285, also 156). Cl.

brachydiagonal imperfect, macrodiagonal more
so ; fi^cture conchoidal H. •- 8 '5 ; G. = 3 '68 to
3 '8. Transparent or translucent; vitreous.

Greenish white, leek-green, and dark emerald-
green. B.B. infusible. Not affected by acids.

C.c: glucina20, alumina 80. Brazil, Ceylon,
India, the Urals, Haddam in Connecticut. A
very valuable gem. It sometimes possesses an
opalescent band, which when the stone is cut
en cabockon appears as a streak of floating
light ; whence it derives its name of Cymo-
phane. It is then also called the chatoyant or
Oriental chrysolite, and when fine is of extreme
value. The emerald-green variety, or Alex-
andriie, is columbine-red by transmitted light.

4. DECTOXlDEfl.

95. EurrLE, TiOj.

Pyi'midal
; prisms dominant. P84 40'; Poo 66° 35' (figs. 286,

287). Hemitropes common, with axes of halves 114° 26'. Cl.
CO P and ooPoo, perfect. H.=.6 to 6-5

; G. -4-2 to 4'3. Trans-
parent to opaque

;

adamantine lustre.

Brown-red, red, pale
yellow, and black

;

streak yellowish brown.
B. B. unchanged ; with
borax in the ox. flame
forms a greenish, in
the red. flame a violet
glass. Not affected by
acids. C.c: titanic
acid, with some per-
oxide of iron. Craig-
cailleach and Ben-y-
Gloe (Perthshire), The
Cobbler and Ben-Bheai» Fig. 288, Fig. 287.

(Argyllshire), Alps, Limoges, Norway, Braza Large crystals at
Titanium Mount (Lincoln county, Georgia). Used in porcelain
painting, and for tmting artificial teeth. When attennated crystala
are imbedded in rock-crystal they are called Venus' hair

Fig. 286.
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98. Ahatase, TiOj.

Pyramidal , pyramids dominant P 186'

basal, and f, both perfect ; brittle.

H.-5'5 to 6; Q.-3-8 to 393. Trana-

poront to opaque ; luatre adamantine to

metallic. Indigo-blne, yellow, brown,
rarely colourless ; streak white. B. B.

infusible. SoL in hot s. acid. C.c.

:

titanic acid, with a Uttle iron and rarely

tin. Cornwall and Devoushire, the Alps,

Dauphin^, Valais, the. Urals, Minas
Geraes (Brazil).

97. Bkookjtb, TiO,.

Eight prismatic ; with polar edges 135°

87' and 101° 3' (fig. 289). Ca. macrodia-

gonal. H. =5-5 to6; G.-'S-Sa to4-2.

Transparent to opaque ; lustre metallic ^'S- 288 (sp. 96).

adamantine. YoUowiah, reddish, and hair-brown; streak yellowish

white to white. B.B. infusible; with
microcosmic salt, a brownish yellow

glass. C. c. : titanic acid, with 1 to 4 '5

per cent, peroxide of iron. Snowdon
and Tremadoo (Wales), Chamouni,
Bourg d'Oisana, Miask. Arkansite is

iron-black, and submetallic, in thick
crystals from Arkansas, U.S.

98. CABaiTERiTE, SnOj

.

Pyramidal. P 87° 7'; Poo 67° 60'

(figs. 290 to 292). Crystals ooP, P;
or eoP {g), P (s), xV<n{l); or With Poo

(P), (fig. 290); and also a)P2 (r), and
8P^ (z), (fig. 291). Hemitropes Tery
common, combined by a face of Poo with

thechiefaxes 112° 10' (figs. 293,171,172, 173); also fibrous ( ^ooti

Tin), or in rounded fragments and grains (Stream Tin). CI. pris-

matic edong ooP, and 00Poo, imperfect* brittle H. — 6 to 7;

Fig. 289 (sp. 97).

>—

*

Fig. 290. Fig. 291.

G.—6*8 to 7. Translucent or opaque; adamantine or resinous.

White, hut usually grey, yellow, red, brown, and black ; streak

white, light grey, or brown. B.B. in the forceps infusible ; on

Fig. 292. Fig. 293.

charcoal, in the inner flame, reduced to tin. Kot affected by acids.

O.c: 78 '6 tin and 21 '4 oxygen, but often mixed with peroxide of

iron, or manganese, or tantalic acid. Cornwall, Bohemia, Saxony,

also Silesia, Hante-Vienne in France, Greenland, Russia, North

and South America, Malacca, Banca, and Queensland. Almost

the only ore of tin.

99. Hausmannite, 2MnO, MnOj

.

Pyramidal. P 116° 69'; Poo 98° 32' (fig. 110). Twins comm&B,
and rosettes of twins (figs. 174, 175). CI. basal, perfect, less so P and
Poo ; fracture uneren. H. =5'5

; G. =47 to 48. Opaque; metaUio

lustre. Iron-black ; streak brown. B. B. infusible, but becomes

brown. Sol. in h. acid, with evolution of chlorine. Powder colours
s. acid red. C.c. : 31 protoxide and 69 peroxide of manganese.
Ihlefeld and Ilmenau in the Harz, and Sweden.

100. Braunite, MnO, MnOj.
Tetragonal. P 108° 39'. CI. P; brittle. H. -6 to 6 '5 ; G. -47 to

4'9. MetaUio lustre. Colour and streak dark bro^vnisll black.
C.c. : 70 manganese and 30 oxygen, generally with about 8 per cent,
of silica. Ihlefeld and St MarceL Marceline has violet tarnish.

101. Ptbolttsite. MnOj.
Eight prismatic; QoP93°40'; generallyradiatingfibrous.orcompact

earthy. CI. ooP ; friable. H.-2 to 2-5;
G. =47 to 6. Opaque; lustre silky to
semi-metallic. Dark steel-grey to black

;

streak black. Soils. B.B. infusible, loses
oxygen and becomes brown. Sol. in h. acid,

with evolution of chlorine. C.c: manga-
nese 63, oxygen 37. Arndilly (Banfl'shire), (S;

Cornwall and Devon, Ilmenau, Ihlefeld,

France, Hungary, Brazil. Used for re-

moviiSg the green iron tint from glass ; hence
its name and that of Savon de verrier. Also
for obtaining oxygen and chlorine. Far-
vicite is a variety with 6 per cent, of water,

from Warwickshire. ^^ 294.

102. Credkeeite, 3CuO, 2(MnO,MnOj).

Oblique. H. — 4 "5
j G— 5. Metallic. Black ; streak brown.

Thuringia.

103. Plattnerite, PbOj.

Hexagonal. ooP120°. CI. indistinct ; brittle. G. =9-4. Opaque;
metallic. Iron-black; streak brown. C.c: lead 86 '2, oxygen
13 'S. LeadhUls.

104. MiNnm, 2PbO, PbOj

.

Pulverulent. H. -"2 to 3 ; G. =4-6. Dull. Colour bright red ;

streak orange-yellow. B. B. fuses easily and reduced. Sol. in h.

acid. C.c. : lead 907, oxygen 9-3. Leadhills, We&rdale in York'

shire, Anglesea, Badenweiler, Siberia.

6. Htdrous Oxides.

105. Sassoline, B^Oa, HjO.

Anorthic. OP : oofoo 76° 30'. Scaly six-sided plates. CI.

basal. Flexible and sectile. H. =1; G.-r4 to I'S. Translucent;

pearly; white; taste bitter; greasy. Sol. in hot water. Co.:
boracic acid 56 '45, water 43 'SS. Hot springs of Sasso, near

Siena, Tuscany; and with sulphur in the crater of Volcano,

Lipari Islands.

106. Tdhgite, 2Fe203 + H20.
Massive and fibrous, also earthy. H. ^S to 6 ; G. =3'54 to 4 '68.

Lustre satin-like, also dull, dolour reddish black to bright red.

Botryoidal surfaces lustrous like limonite.

Opaque. C.c. : iron sesquioxide 947, water
5 3. B.B. decrepitates violently and yields

water. Kerrera (Hebrides), Bogoslovsk
(Urals), "and many limonite localities. Fre-

quently taken for limonite.

107. Diaspore, AljO,, HjO.
Eight prismatic ; ooP129°47'; usually thin

foliated. 01. brachydiagonal, perfect ; brittle.

H. =6;G. =33 to 3-4. Vitreous; pearly on
cleavage-planes. Colourless to yellowish,

greenish, or violet. B.B. infusible, decrepi-
fjo. 295 (sp. 107)

tates. Insoluble. C.c. : alumina 85, water
15. Schemnitz, Broddbo, Switzerland. Naxos, Chester, Massa-

chusetts. Fig. 295.

108. GOthite, FcjOa, H^O.
Right prismatic ; ooP 94° 63'

;

also columnar, fibrous, or scalj.

CI. brachydiagonal, perfect ; brit-

tle. H. = 5to6-5;G.-3-8 to4-4.

Opaque ; or fine crystals trans-

parent, and hyacinth-red ; lustre

adamantine or silky. Colour

yellow, red, or dark brown ; streak

brownish yellow. B.B. becomes
magnetic, difficultly fusible. Sol.

in h. acid. C.c. : peroxide of

iron 90, water 10. Hoy (Orkney),

Achavarasdale (Caithness), Salis-

bury Crags (Edinburgh), Loat-

withiel, Clifton, Bristol, Przibram, Siegen, Saxony,

America.

<2

Fig. 296. Fig. 297.

Urals, Nortl'
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109. Majioaniti, Md,0,, H,0.

Right prismatic, sometimes liemihedrio; o>P(J/)99'40

prismatic (figs. 298 to 300); vertically striated;

also columnar or fibrous. Hemitropes com-

mon. CI. brachydiagonal, perfect; brittle.

H.-3-5 to 4; G.-4-3 to 44. Opaque;

metallic lustre. Steel-grey to iron-black;

streak brown. B.B. infusible. Sol. in warm

h. acid. C.c. : peroxide of manganese 89 '9,

water 101. Grandholm (Aberdeenshire),

Cork, Upton Pvno (Exeter), Churchhill

(Somerset), Warwickshfhr. Ihlefeld, ThuriDo'Si

Norway, Sweden, Ifova Scotia.

OystalB
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134. TaNTALIO OCHflE.

Powdery; brown; ritreoua. pennikoja in Finland.

2. Oxides' of Caebon-Sxlicon Family (Binosides).

135. Quartz, SiOj.

Hexagonal ; the purest varieties tetartohedral. Tha primary

pyramid P has Uia niiddla edge = 103'' 34', and the polar edges

=

Fig. 301.

133°

Fig. 302. Fig. 303. Fig. 304. Fig. 305.

^ '
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1ST. Opal, 9SiO,. H,0 to SSiO^ H,0

.

Amorphous; fracture conchoiJal ; very brittle. H. —S'S to
8'6; G. — 2 to 2'2. TraDS|iarcat to opaquo; ritreous, inclining to
rednous. Colourless, but often white, jcUow, red, brown, green,
or grey, with a beautiful play of colours. B.B. decrepitates and
becomes opaque, but is infusible; in the closed tube yields water;
klmost wholly soluble in solution of potash. O.c.: silica, with 6 to
13 Pfr cent, water. Most opals are mixtures of various minerals.
The following rarieties may bo noticed:— (1 ) Hyalile, Olassy Opal,

or ilalUr's OloM: transparent, colourless, very glassy; small botry-
oidal, or incrusting; Kaistrstuhl in tho Breisgau, Schemriitz, Silesia,
Moravia, Mexico, and other places. (2) Fire Opal or Oirasol: trans-
parent ; brilliant vitreous lustre ; bright hyacinth-red or yellow

;

Zimapan in Mexico, and the Faroes. (3) JfobU Opal, semi-trans-
parent or translucent ; resinous, inclining to vitreous ; bluish or
yellowish white, with brilliant prismatic colours; most show double
refraction and are binaxal ; in irregular ma^es or veins near Eperies
in Hungary; Australia. (4) CommonOpal: semitransparent, vitreous;
white, yellow, green, rod, or brown; Hungary, also Faroes, Iceland,
the Giant's Causeway, and the Western Isles of Scotland. (5)
Semi-opal: duller and less pellucid; Wood Opal ox Lithoxylon: with
the form and texture of wood distinctly seen; Hungary, Bohemia,
and other countries. (6) Menilile: compact, reniform; opaque and
brown or bluish grey; Menilmontant, near Paris. (7) Opal Jasper:
blood-red, brown, or yellow. (8) Cacholong : opaque, dull, glimmer-
ing, or pearly, and yellowish or rarely reddish white; in veins or
reniform and incrusting ; Faroes, Iceland, the Giant's Causeway. One
variety is named Bydrophane, from imbibing
water, and becoming translucent (9) Siliceous
Sin'er: deposited from the Geyser and other
ho: springs; and Pearl Sinter: incrusting
volcanic tufa at Santa Flora in Tuscany
{FioriU), and in Auvergne.

138. Zircon, ZrOj, SiOj .

Pj-ramidal ; P W 20'. Crystals, ooP, P

;

often with 3P3 ; also ooPoo, P; or ooPoo (s)
ooP (/), P (/>), 3P3 (X), Poo {t). 4P4 (y), 6P6 [t).

(fig. 318, also 86, 87, 685). Chiefly prismatic
or pyramidal, and in rounded grains. Trans-
parent to opaque

;

vitreous, often ada-
mantine. Rarely
white, generally grey,
yellow, green, or fre-

quently red and
brown. B. B. loses

Used to be cut in

its colour, but is in

fusible. Not Effected
by any acid except
concentrated s. acid,

after long digestion.
C.e. : 66 3 zirconia
and 837 silica, with

to 2 iron peroxide Fig. 318. Fig. 319 (sp. 138).
as colouring matter. Miask, Arendal, Sweden, Belgium (at Nil-St-
Vu._s';nt), Carmthia, Tyrol, Ceylon, and North America; in Scot-
Un-, Scalpay in Harris (fig. 319), Lewis (Byacinlh), Sutheriand,
Koss. The colourless varieties are sold for diamonds. The more
brilliantly coloured are name-^ '—acinths, and are valuable gems.

SULPHIDES, SELENIDES. TELLURIDES, &o.
139. PrciTE, FeS,

.

Cubic
; semitcsscral dominant (figs. 820 to 323, also 67 to 77, and

26 to 34). Pentagonal-dodecahedron in excess; or striie, produced
by oscillation of it with faces of the cube, visible. Often distorted
as in the cubo-octahedral twin (fig. 323). Sometimes massive and ii
pMudomgrphs. CI. cubic or octahedral, difficult ; brittle H -6

Fig. 820.

to 6-6; G. -49 to 6-2.

yellow ; streak brownish

'Ig. 321. Fig. 322.

Brass-yellow, often somewhat gold-
- • - _ . black, when broken emits smeU of
aulphnr. In closed tube sulphur sublimes. B.B. on charcoal
burns with blue flame, and odour of sulphurous acid. In inner
flame fuses to magi.otic bead. Sol. in n. acid, with deposition of
•ulphur. C.c: iron 46 r, sulphur 63-3; often contains gold in visible
grains, when broken. Common to rocks of all agoa Tomnadashin

Fig. 824,

Bimam, Scotland; Cornwall, England; Elba and TraverseHa; Pern;
Rossie, Middletown, and Schoharie in U.S. Auriferous pyrites,
BorezofT (Siberia), Adelfors (Sweden), Mexico. — -

facets and set as an ornament,
under tho name of marca-
sites; also for striking fire in

the old firelocks, whence the
name cf firestone; now used
for manufacture of sulphuric
acid.

140. Masoasite, FeS,.

Right prismatic ; ooP {if)

106° 6'. Crystals tabular, thin

prismatic, or pyramidal. Fig. 823 (sp. 139).

Twins very frequent, also cockscomb-like groups, or spherical
and etalactitic. CI. ooP

; fracture uneven ; brittle.
to 4 '9. Greyish bronze-
yellow to greenish grey,
often with orown crust

;

streak greenish grey or
brownish black. B.B., &c.,
like pyrite. Very prone to

decomposition, being changed
into green vitriol, which may
be detected by the tongue.
Spear Pyrites are twins like _ „
fig. 326 ; Littmitz, Przibram. Hepatic Pyrites or Leberkies, livei*
brown, generally decomposing; Harz, Saxony, Sweden. Cockscomb
Pyrites; Derbyshire and the Harz. Kyrosiie contains arsenic.

141. MisPiOKEL, FeSj-i-FeAs.

Right prismatic ; a,P{M)llV 12' (fig. 326). Twinscommon- also
massive or columnar. CI. ooP; fracture
uneven; brittle. H. — 6'5 to 6; G. -=6
to 6 '2. Silver-white to steel-grey;
streak black. In closed tube yields
first a red then a brown sublimate,
lastly metallic arsenic. B.B. on char-
coal fuses to a black magnetic globule.
Sol. in n. acid, with separation of
arsenious acid and sulphur. C.c. : 34 '3

iron, 46-1 arsenic, 19-6 sulphur; some-'
times silver or gold, or 5 to 9 of cobalt.
Cornwall, Freiberg, Ziunwald, Sweden, Franconia. America.

142. LEtfCOPTRiTE, FeAs.

Right prismatic ; ooP (rf)122°26'; Poo (o)6r20'.
fig. 327; generally massive or columnar. CI. basal;
fracture uneven; brittle, H. = 5 to 6'5

; G. = 7 to
7 4. Silver-white with darker tarnish; streak greyish
black. B.B. emits strong smell of arsenic, and fuses
to a black magnetic globule. C.c: iron 27-2,
arsenic 72-8

; sometimes iron 32 '2 and arsenic 66 '8
;

always some sulphur, and often nickel and cobalt.
Fossum in Norway, Andreasberg, Styria, and Silesia.
Spathiopyrite, from Bieber in Hesse, seems a variety.

143. COBALTITE, CoSj-fCoAs.
Cubic and hemihedral ; sometimes massive (figs. 67 74) CI

cubic, perfect
;

brittle. H. - 5 5 ; G. = 6 to 6 3. Brilliant lustre.'
Pinkish silver-white

; tarnishes yellow or grey ; streak greyish
black. B. B. with borax blue glass; evolves smell of arsenic. C. c. .-

cobalt 35-9, arsenic 44-9, sulphur 19-2. St Just in OsmwalL
Tunaberg m Sweden, Skutterud in Norway, Querbach in Silesia.

144. Glattcodote, (Co, Fe)S3 + (Co, re)Asj.
Right prismatic; ooP 112° 36'. CI. basal, perfect. H.-6-G-

6. Lustre metallic. Greyish white ; streak black. C.c. : cobalt
24-7, iron 11-9, arsenic 43-2, sulphur 20-2. ^uasco in Chili.

145. Smaltine, (Co, Fe, Ni)Asa.
Cubic

; generally like fig. 27 ;' also reticulated and granular com-
pact. CI. octahedral; fracture uneven; brittle. H =6-6 • G -
6-4 to 7 -3. 'Tin-white to steel-grey, with dark or iridescent tarnish istreak gre^sh black. Evolves odour of arsenic, when broken or
heated. C.c: 71 4 arsenic, 286 cobalt; sometimes 3 to 19 iron,and 1 to 12 nickel, or 4 bismuth. Dolcoath and Redruth m
£°Cornectkut°'

"^' ^^^^"^' Tunaberg, Allemont, Chatham

146.^ Chloantite (JThiU Nickel), NiAs.

Kr;*^S'°'T#™^'^"^^^°°
granular or compact; fracture uneven;

^ul I "7^
'^

! ^r 8
f

t° 6 6. rm-white, rapidly tarnishing
black. In the closed tube yields a sublimate of arsenic, antbecomes copper-red. Gives odour of arsenic when bmkor. il.B.
fuses with much smoke, becomes coated with crystals of arsenious
acirt, aT'd leaves a brittle grain of metal. ' C.c: 28-2 nickel, 71-8

rntrCh^lhamtCeS '"'"'^^•''^«' ^'^^^^^^o-^' ^«-

Fig. 326.

Crystals like

Fig. 327.
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147. Gebsdobffite, NiSj+ NiAs,.

, Cubic (figa. 74, 30, 26). CI. cubic, generally granular. H.=5-5;

G. -6-67. Lustre metallic. Silver-white to steel-Rrey, decrepitates

in closed tube. B. B. fuses to a black slag
;
partially sol. in n. acid.

Cc. : 35-2 nickel, 45-4 arsenic, and 19-4 sulphur; sometimes

with cobalt. Craignuir, near Loch Fyne, with 23 nickel and 6

eobalt The Harz, Sweden, Spain, and Brazil.

148. Ullmannite, NiSb + NiSj.

Cubic (figs. 31, 29, 27) ; often tetrahedral, and in^twina as in

figs. 328, 329. CI. cubic, perfect ; fracture uneven.

ti.-6 2 to 6-5. Lead-grey to tin-white. often

H.-5 to 5-5;

with iridescent

Fig. 328. Fig. 329.

tarnish. B. B. fuses with dense fumes. SoL inn. acid. Co. : 27 '4

nickel, 67'5 antimony, and 15'1 sulphur. Westerwald, Siegen,

Harzgerode, Lolling (Carinthia), Lobenstein, and Bleiberg.

149. EAMMELSBEKaiTE, NiAs.

Right prismatic ; cxP 123° to 124°. Chiefly massive, or in rcdiating

and botryoidal aggregates. H. -6; G. -7'2. Colour tin-white.

Schneeberg, Be' " elsdorf, ord 'Wittichen in Baden.

160. Hauerite, MnS,.

Cubic (figs. 30, 30-26, 30-33-37). Crystals single or in spherical

froups. Cl. cubic, perfect ; H. =4 ; G. —3 '46. Reddish brown to

rownish black ; streak brownish red. In closed tuba yields sul-

phur, and leaves a green mass, which is sol. in h. acid. C. c. : 46

manganese and 64 sulphur. Kalinka in Hungary.

161. FYKJiUOTnE {ifagnelie Pyrites), Fe^Sj.

Hexagonal; P 126° 48'. Crystals rare, sometimes hemihedral on sj.

commonly massive or granular. Cl. ooP, imperfect ; brittle. H. =
3-5 to 4'5 ; G. =4'5 to 4 6. Colour bronze-yellow with pinchbeck-

brown tarnish ; streak greyish black. More or lees magnetic. C.c.

:

Fig. 330. Fig. 331.

63'65 iron and 36 '35 snlphur ; sometimes with nickel. Common in

primary limestones and diorites of Scotland. Crystallized in above
forms at Vskaig, on Loch Shin, Sutherland ; Carnarvon, Cornwall,
Fahlun, Bodenmais, Andreasberg. Dib'tluguished by its colour
and its solubility in h. acid.

152. LiNNi;iTE, 2(Co, Cu)S + CoSj

.

Cubic (figs. 29, 30) ; often twinned ; twin face ; also massive.

CL cubic ; brittle. H. =55 ; G. -4-9 to 5. Silver-white, with a

yellow tarnish ; streak blackish grey. B. B. fuses to a grey mag-
netic globule, which is bronze-yellow when broken. C.c: cobalt

432, copper 14'4, iron 3'6, sulphur 385. Bastnaes I'Sweden).

153. Sieoenite, CoS-FNijS,(?).

Cubic
;
generally in crystals like fig. 29 ; also massive. Colotir

ailver-white, inclining to pink. Other features like linnaeite. C.c:
cobalt 40"8, nickel 14 '6, sulphur 43'1. Miisen near Siegen, Mary-
land, and Missouri. The Arnerican mineral has 30 '5 of nickeL

154. POLTDTMITE, Ni^S,

.

Cubic ; in minute octahedral crystals and flattened twins. CL
cubic. H. - 4 -5 ; G. - 4 -81. C. c. : 39 -45 nickel, 40-56 sulphur, but
generally with 4 of iron. Westphalia. Sat/nite or gntnauiU seema
to be a bismuthic and cobaltic variety ; it is from Granaa in Sayn-
Altenkirchen.

155. Bteicheitb, 31iriS + 2NiS3.

H. -3 to 3-5; G.-47. C.c: 64-23 nickel, 279 iron. 42-8?
sulphur. From the Westerwald.

156. HoKBACHiTE, 4Fe2S3-l-NijS3.

Crystalline masses. H. =4 '5 ; G. —4" 43 to 47; Colour finch-
beck-brown ; streak black. C.c. : nickel 11 98, iron 41 '96 enlphur
45-87. Horbach in the Black Forest.

157. Skutteritdite, CoAsj.

Cubic (figs. 30,' 26 with 33, 40) and granular. CL cubic ; frac-

ture conchoidal ; brittle H. =6 ; G. -6 74 to 6-84. Ti::.-white to

lead-grey. Lustre brilliant. In closed tube gives sublimate of

metallic arsenic, otherwise like smaltine. C.c: 79 arsenic, 21
cobalt. Skutterud, near Modum in Norway.

158. Galena, PbS.
Cubic ; crystals chiefly cube, octahedron, and rhombic dodeca-

hedron ; rarely 20 and 202. Also massive and granular, compact,
or laminar, and in pseudomorphs of pyromorphite and other
minerals. CL cubic, very perfect

;

fracture scarcely observable ; sectile.

H. = 2-5: G. -7-2 to 7-6. Lead-
grey, with darker or rarely iridescent

tarnish; streak greyish black. B.B.
decrepitates, fuses, and leaves a
globule of lead. SoL in n. acid,

C.c: 86 7 lead, and 13-3 sulphur;
but usually contains a little silver,

ranging from 1 to 3 or 5 parts in

10,000 ; rarely 1 per cent, or more.
Some contain copper, zinc, or anti-

mony, others selenium, and other

(the "supersulphuret") probably free „. ,„„
sulphur (2 to 8 per cent). Most

rig. .Jis^.

common ore of lead in many countries. Leadhills, Pen'tland Hills,

Linlithgow, Inverkeithing. Monaltrie, Tyndrum, Strontian, lalay,

Orkney, Cornwall, Derbyshire (Castletown), Cumberland (Alston

Moor), Durham (AUenhead), Wales, Isle of Man.

169. CCPBOPLITMBITE, 2PbS + CUjS .

Cubic H. -2-5; G. = 6-4. Bluish grey. Chili.-

160. Beeoerite, ePbS-fBijSj.

Cubic G. — 7-27. CL cubic. Light to dark grey. Lustre brilliant.

C.c: sulphur 15, bismuth 20 6, lead 64 2, with copper 17. Grant

(Park county, Colorado).

161. Clausthalite, PbSe.

Cubic; but massive granular. H. =2-5 to 3; G. — 8'2 to 8 8.

Lead -grey ; streak grey, B.B. fuses, smells of selenium, colours

the Bame blue, stains the support red, yellow, and white, and

volatilizes, except a small residue, without fusing. Cc. :
72 '7 lead,

27 '3 selenium ; but sometimes 11-7 of silver. Zorge, Lerbach, and

Clausthal in the Harz. TiUccrodile, or Selen-Cobalt-BUi. containing

3 per cent, of cobalt from Tilkerode, is a variety.

162. ZORGITE.

Massive granular ; like clausthalite, but inclining to reddish, and
often tarnished. There are four varieties, (a) Selen-Blei-Kup/er :

G. =7 -4 to 7-6
; 6PbSe-l-CuSe ; with 4 copper, 65 lead, 30 selenium.

(6) The same, but with G. -5-6-; 4Pb, 4Cu, 7Se ; with 16-8 copper,

48-4 lead, and 35 selenium, (c) Selen-Kup/er-Blei : with G. -7;
2PbSe + CuSe ; with 8 copper, 57 lead, and 32 selenium, (d) 2PbSe +
9CuSe ; with 46-64copp6r, 16-68 lead, and 36-59 selenium. From
Tilkerode and Zorge in the Harz, and near Gabel in Thuringia.

163. Altaite, PbTe.
Cubic and granular ; fracture uneven ; sectile. H. — 3 to3'5; G.

—

8-1 to 8-2. Tin-white to yellow, with yellow tarnish. B.B. colours

the flame blue, fusing to a globule, which almost wholly volatilizes.

Cc. : 61-9 lead and 381 tellurium. Zavodinski in the Altai,

California, Colorado, and ChiU.

164. Kedruthite (Copper Glance), CujS.

Right prismatic ooP (o) 119° 36'; P (P) middle edge 125° 22*;

J? (a) middle edge 65° 40'; 2P« (d) middle edge 125° 40'; JPo) («)

middle edge 66° 48'. Crystals OP («), osP (o), »?«> (p) (figs. 833,

Fig. 333. Fig. 334.

334); with hexagonal aspect ; also twins ; and ma88iT& CL ooP,

imperfect ; fracture conchoidal ot uisven ; sectile. H. — 2-6 to 3 ;
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0.-5-6 to 6-8. Kither dull; brighter on the streak. ackish

lead-grey, with a blue or other tarnish. B. B. colours the flame

blue ; on charcoal in the oxygen flame sputters, and fuses easily ; in

the red. flame becomes solid. With soda gives a grain of copper.

Green solution in n. acid, leaving sulphur. Co.: 79'8 copper, 202
sulphur. Fassnet Bum (Haddingtonshire), Ayrshire, Fair Island,

near Kedmth and Land's End in Cornwall, Saiony, Silesia, Nor-

way, the Banat, Liberia, and the United States. Important copper

ore.

185. STnoMETEnrra, Cu^S-l-AgS.

Right prismatic ; isoraorphous with rednithite. Crystals rare

;

usually massive ; fracture flat, very seotile. 11.-2 5; G. — 6 2to
«-3. 'feright. Blackish lead-grey. C.c.: 53 1 silver, 31-2 copper,

and 157 sulphur, but often indeterminate proportions of silver (3 to

63) and copper (30 to 75). Schlangenberg in Siberia, '^udelstadt in

Silesia, and Catemo in Chili.

168. Bekzeld<ite, Cu^.
Crystalline, in thin dcndritio crusts, ana imbedded in calcite.

Silrer-whito with a black tarnish ; streak shining. In open tube

giras a red sublimate of selenium, with white crystals of selenious

acid. B B. on charcoal fuses to a grey, slightly malleable bead,

giving odour of selenious acid; with soda a grain of copper. C.c

:

61-5 copper and 83 '5 selenium. Skrikerum in Sm&land, Lerbach

in the Uarz.

167. Ceookesite, (CuTl)^e.

In crystalline grains the size of peas. H. —2-5 to 3 ; G. =6'9.

Brittle. Lead-grey. Metallic B-B. colours the flame intense

green. C.c.: 45-76 copper, 3-71 silver, 1725 thallium, 33-27

selenluiE. From Skrikerum.

163. ErKAiEiTE, CujSe-fAgSe.

Massive and granular crystalline. Cuts with knife. Lead-grey

;

streak shining. B.B. fuses to a brittle metallic grain. C.c. : 431
ailver, 25 -o copper, and 31-6 selenium. Skrikei-um, Atflcama, Chili.

169. Aboentite, AgjS.
Cubic ooOoo ; 0; ooO; and 202 (figa. 29, 66). Crystals generally

misshapen, with uneven or curved faces ; in druses, or linear

groups ; also arborescent, capillary, or ill cruits. Cl. indistinct

;

fracture hackly ; malleable and fleiibl&. H. =•2 to 2 5; G. -7 to

7-4. Barely brilliant, more so on the streak, Slackish lead -grey,

often with a black, brown, or rarely iridescent tarnish. B.B. on
chareoal fuses, intumcsces greatly, and leaves a grain of silver.

SoL in con. n. acid. C.c: 87 silver and 13 sulphnr. Eucl
Duchy, Dolcoath, Herland, and near CalUngton in Cornwall

;

Alva in Stirlingshire: Freiberg, JIarienberg, Annaberg, Schneeberg,
Johann-Gcorgenstadt, Joachimsthal, "ichemnitz and Kremnitz,
Kongsberg. . Common orq at Guanajuato and Zacatecas in Mexico,
in Peru, a.-id at Blsgodat in Siberia,

170. AcAjn-BiTB, AgS

.

Right pnsmatic H. -2-6 ; -0.-7-33. Iron-black. C.c like

argcntitc, thus dimorphous. Freiberg and Clausthal, oli argentite;

also at Copiapo.

171. Jalpaite, SAgS-HCujS.

Cubic; form 0. Cl. cubic; malleable H. =2-5; G. -6-88. Dark-
grey. Metallit lustre. C.c: silver 71-78, copper 14-04, sulphur
14 "2. Jalpa in Mexico.

172. Lacti-te (CuAg) As.S.

Granular. Iron-black. H. -3; G. =4-96. C.c: copper 28 -S,

silver 12, arsenic 41 8, sulphur 17-86. Lauta, near Manenberg.

173. Naumannite, AgSe.

In thin plates and granular. CI. hexahedral, perfect. Malleable.
H. -2-5;G. -8. Iron-black. Splendent. C.c: 73 silver and 27
selenium, with 4-Dl lead. Tilkerode.

174. Hessite, AgTo.
Cnbic or anorthic (?) ; massive and granular. Slightly malleable.'

H.-2-5 to 3; G. -8-1 to 8-45. Blackish lead-grey to steel-

grey. B.B. on chareoal fumes, fuses to a black grain with white
spots, and leaves a brittle grain of

silver. C.c: 628 silver and 37-2

tellurium. Zavodinski (Altai), Nog-
yog, Rezbanya, Caliioinia, and Chili.

175. Petzite, 2AgTo-t-AuTe.

Like hessite. Two varieties :

—

[a) with G. -8-72, containing 18 per

cent, of gold, from Nagyag
; (6) with

G. -9 to 9-4, and 24 to 26 of gold.

Calaveras and Tuolumne in Cali-

fornia, Colorado.

176. Disceasite, AgoSb ; AgjSb ;

and Ag,Sb.

Right prismatic ; P with polar

cdgw 132' 4-2' and 92'; ooP 120""

nearly (figs. 335, 336). Crystals short prismatic, or thick tabular,

Fig. 336.

A valuable ore of silver. A variety

Fig. 335 (sp. 176),

and vertically striated (ffg. 335) ; twins united by a face of coP;

often in stellar groups (fig. 336) ; also massive or granular. Cl.

basal and Po) , distinct ; ooP imperfect ; rather

brittle, and slightly malleable. H. -3-5;
G. -94 to 9-8. Silver-white to tin-white, with

a yellow or blackish tarnish. B. B. fuses cosily,

fumes staining the charcoal white, and leaves

a grain of sUver. Sol. in n. acid. C.c: 64

to 84 silver, and 36 to 16 antimony. Andreas-

berg, Allemont in Dauphin^, Spain, and Ar-

qncras in Coquimbo (Chili).

from Chili contains 94-2 silver and 58 antimony, and is AgjgSb.

177. Bu:xDE, ZnS.

Cubic and tctrahedral (figs. 162, 163, 337). Twins remarkably

common, united by a face of 0, and several times repeated ; fie-

qucntly massive and granular. CL ccO, perfect ; very brittle. H.

—

3-5 to 4 ; G. — 3'9 to 4;2. Semitransparent to opaque ; adamantine
and resinous. Brown or black, also

red, yellow, and green, rarely colour-

less or white, B.B. decrepitates, often

violently, bu6~ only fuses on very thin

edges. SoL in con. n. acid, leaving

sulphur. C.c: 67 zinc and 33 sulphur

;

but generally in the darker varieties

with 1 to 15 iron, to 3 cadmium.
Very abundant. Glen Gairn (bright

yellow and highly phosphorescent),

Leadhills. Tyndrum, (;omwaU, Derby-
shire, Cumberland, the Harz, Freiberg,

Przibram, Schemnitz, Kapnik, North Fig- 337.

America, Peru, Used for producing zinc vitriol and sulphnr, and
03 an ore of zinc Lithium, indium, thallium, and ramum have

all been found in blende.

178. WuKTZiTE, 6ZnS-HFeS.

Hexagonal ; eoP, P, with well-marked horbtontal strite. CL
basal, and prismatic H. = 3-5 to- 4 ; G. =3-9 to 4-1. Brownish
black ; streak light brown. C.c. : like blende, which is thus dimor-

phous. Oruro in Bolivia, and Przibram (radiated and cadmiferous).

179. Gbeenockite, CdS.
Hexagonal, and generally hemimorphic P86''21'; 2P 123° 54'.

Oystals2P, OP, 00P, P; orP, 2P, ooP; attached singly, a. 00 P,

imperfect; basal perfect. H. =3 to 3-5; G. = 4-3 to 4-9. Trans-
lucent; brilliant resinous, or adaman-
tine. Honey- or orange-yellow,

rarely brown ; streak yellow. B. B.

decrepitates, and becomes carmine-
red, but again yellow when cold

,

fused with soda forms a reddish
brown coating on charcoal. SoL in "S- ^^°-

h. acid. C.c: 77-6 cadmium, and 22-4 sulphur. Bishopton in

Renfrewshire, Przibram, and FriedensvUle in Pennsylvania.

180. Alabanbint;, MnS.
Cubic ; and coOoo ; usually massive and granular. CL hexa.

hedral, perfect; fracture uneven; rather brittle, fl. =3 5 to 4;
G. = 3 -9 to 4. Opaque ; semi-metallic Iron-black to dark steel-

grey, brownish black tarnish ; streak dark gresn. B.B. fuses on thin

edges to a brown slag. Sol. in h. acid. Co.: 63 manganese and
37 sulphur.. Nagyag, Kapnik, Alabanda in Caria, Mexico, and
Brazil.

181. MiLLEEITE, NiS

.

I!ex.igoual rhombohedral ; R 144° 8'; in' fine acicular prisms

of ooP2, R. Brittle H. = 3-5 ; G. =4-6 (or 5 26 to 5-65). Brass-

or bronze-yellow, with a grey or iridescent tarnish. B.B. fuses

easily to a blackish metallic globule, which boils and sputters.

In nitro-hvdrosMoric acid forms a green solution. C.c: 64 '4 nickel

and 35-6 sulphur, Uorvcn (Argyllshire), Chapel (Fife), Ayrshire,

near St Austell in Cornwall, at Merthyr-Tydvil, Johann-Georgen-
stadt, Joachimsthal, Przibram, Camsdorf, Eiechelsdorf, .Pennsyl-

vania.

1S2. Fentlandite (.Ei'icnnicAe/i-ics), 2FeS-l-NiS.

Cubic ; massive and granular ; fracture uneven ; brittle. H. =
3-5 to 4; G. =4-6. Light pinchbeck-brown, with darker streak.

Not magnetic B. B. acts in general like pyrrhotite ; the roasted
powder foi-ms with borax iu the red. flame a black opaque glass.

C.c. : 36 sulphur, 42 iron, and 22 nickel ; butmLxed with pyrrhotite
and chalcopyrite. Lillehammer in southern Norway. InvcrariU,
6FeS -f NiS, with 11 of nickel, from near Inveraray, is a variety.

183. NicKELiTE (Copper KickeV), NLAs.
Hexagonal ; P 86° 50'. Crystals ooP, OP • rare. Arborescent,

nniform, and massive ; fracture conchoidal and uneven ; brittle.

H. — 5-5
; G. — 7-5 to 7-7. Light copper -red, with a blackish tarnish.

It forms no sublimate in the closed tubiL B B- tisea with strong
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basal

;

silver

fumes t& * wnite,- brittle, metallic globule. C.c. : 436 nickel and
56'4 arsroic. HildcrstoQ in Linlithgow, Pibble in Kirkcudbright,
Lcadhills, Pengelly and Huel Chance in Cornwall, Freiberg, Schnee-
berg, Joachiiiisthal, Sangerhausen, Andreasberg, Chatham in Con-
Qecticut. Used as an ore of nickel.

181. BsEiTnAUPTiTE {Antitnontal KicJcel), KiSb.

Hexagonal ; P 86° 66'. Crystals, thin striated hexagonal tables

ofOP, ooP. H.~5; G.=7-5to7-6. Brilliant. Light copper-red,

generally with yiolet tarnish. B. B. fumes, but fuses with great

difficulty. C.c: 32 2 nickel and 67 '8 antimony. Andreasberg.

185. Staxnite {Tin ryrites), 2CuS, SuS, + 2(FcS, ZnS) + SnSj,.

Cubic ; in cubes very rare, generally massive and granular. CI.

hexahedral, imperfect ; fracture uneven or small conchoidal

;

brittle. H. =4; G. -4-3 to 45. Steel-grey ; streak blaclc C.c:
26 to S2 tin, 24 to 30 copper, 5 to 12 iron, 2 to 10 zinc, and 30
sulphur. Huel Rock near St Agnes, St Michael's Mount, and Carn-
brea ia Cornwall; Zinnwald. Bell-metal ore.

186. Sternbeeoite, (AgS-l-2FeS)FeS3

Right prismatic; P middle edge 118°. Crystals usually thin
tabular; in twins, or in fan-hke and spheroidal groups. CI. basal,

fierfect ; sectilo, and flexible in thin

aminse. H. -1 to 15; G. =42 to
4 '25. Dark pinchbeck-brown, often

a violet-blue tarnish ; streak black.

Co.: 34-2 silver, 35-4 iron, and 30-4

sulphur. Joachimsthal, Schneeberg,

and Johann-Gcorgenstadt. Flexible ^'S- ^39.

Sulphurct of Silver, from Hungary and Freiberg, is identical. Frie-

seite, AgnFejSg, in twins (fig. 339), is a variety.

187. RlTTINGEFUTE, AgAs .

Oblique pri'^matic. <»P 126° 18' ; ooPoo and OP. CI.

fracture conchoidal; brittle H.=2-5to3; G.=5-63. C.c.

E77, the remainder being arsenic, withsomoselenium. Joachimstlial,

Silesia, FeUubauya in Hungary.

138. COVELLINE, CuS.

Hexagonal. Crystals ooP, OP; rare; usually reniform and granu-

lar. Ci. basal: sectile. Thin lamina flexible. H. = 1'5 to2 ; G. =
3 '8 to 4'6. Resinous. Indigo-blue; streak black. B.B. burns
with blue flame. Sol. in n. acid. C.c: 667 copper, 33'3 sulphur.

Cairnbeg in Cornwall, Vesuvius, Leogang (Austria), Chili, Angola,
New Zealand, and Victoria.

189. Chalcopyrite {Copper Pi/rites), CuS -I- FeS

.

Pyramidal ; and sphenoidal hemihedric
; JP {P) with polar edges

71° 20' ; ooPoo. Crystals generally small and deformed; twins
very common, like tig. 340. Pco (i) 89° 10', 2Poo(c) 126° 11',

OP (a), P (fig. 89). Most commonly compact and disseminated;

also botryoidal and reniform. 01. pyramidal 2Pco ; some-
times rather distinct; fracture conchoidal or uneven. H. =3'5to
4; G. = 4'1 to 4 '3. Brass-yellow, often with a gold-yellow or

iridescent tarnish (peacock copper ore)

;

streak greenish black. B.B. on charcoal be-

comes darker or black, and on cooling red;

fuses easily to a steel-grey globule, which at

length becomes magnetic, brittle, aiul greyish

red on the fractured surface ; with borax and
soda yields a grain of copper; moistened with
h. acid, colours the flame blue. C.c. essenti-

ally 1 atom copper, 1 atom iron, and 2 atoms
sulphur; with 34 '5 copper, 30 5 iron, and 35
sulphur. The most abumlant ore of copper,

shire and Wigtownshire, Tyndrum in Perthshire, Inverness-slure,

Lairg in Sutherland, Shetland, Anglesea (Parys mine), Derbyshire,
Staflfordshire, Cumberland, Gunnislake (Devonshire), St Austell
(Cornwall), Wicklow, Falun, Roraas, Freiberg, Mansfeld, Goslar,

Lauterberg, Muscn, Siberia. It is distinguislied from pyrite by
yielding readily to the knife, by its tarnish, and by forming a green
solution in n. acid.

190. BoRNiTE {Purpie Copper), 3CujS, Fe^Sj

.

Cubic. Crystals ooO=o,and ooOco, 0; but rare, and generally

rough or uneven ; also twins Mostly massive. CI. octahedral
;

fracture conchoidal: slightly, brittle ; sectile. H. =3; G. —4-9to
6'1. Colour between copper-red and pincbbcck-brown, with tarnish

at first red or brown, then violet or sky-blue ; streak greyish black.

B. B. acts like chalcopyrite. Soluble in con. h. acid, leaving sulphur.

C.c: 65 '6 copper, 16 '4 iron, and 28 sulphur. Crystals near Redruth
and St Day in Cornwall ; massive at Killamsy in Ireland ; also

Norway, Sweden, Mansfeld, Silesia, Tuscany, and Chili. An ore of

copper.

191. CrBAN, CuS, FejSa.

Cubic. H. =4; G. = 4'1. Bronze-yellow; streak bronze-yellow and
*ilack. Barracanao in Cuba, Tunaberg and Kafveltorp iu Sweden.

.340.

In Kirkcudbright-

192. DOMEYKITE, Cu,As.
Botryoidal or massive ; fracture uneven ; brittle. H. =3 to 3-5

;

G. — 7 to 7 "5. Tin- or silver-white, inclining to yellow, with an
iridescent tarnish. Not afTectcdby h. acid. C.c : 7l'63 copper and
28 '37 arsenic. Calabazo in Coquimbo, and Copiapo in Chili. Con-
durri^c, massive, seems an impure variety ; from Condurrow mine and
near Redruth (Cornwall). Algodonile from Lake Superior, 1^hit^
ncyite from Mexico, and Barwinite (83 copper) are also identical
or similar.

193. Melonite, Ni^Tcj.

Hexagonal ; minute tabular crystals, foliated and granular
Metallic lustre. Reddish white ; streak dark grey. C.c. : nickel 21
silver 4-1, tellurium 73-4. Stanislaus and Calaveras 'California^

194. Sylvanite, AgTei + AuTPj.

Oblique prismatic, C 55° 21'. aP 94° 26';-P°oo 19° 21'; P'oc
62° 43'. Crystals small, short acicular, and often twinned and groupei
in rowslikeletters-sectile. but friable. H. = l-5 to 2; G. = 7 99 t<

Fig. 341. Fig. 342.

8-33. Steel-grey to silver-white, and pale bronze-yellow. C.c. : £9-6
tellurium, with 6 to 8 '5 antimony, 26-5 gold (in some 30), and
13-9 silver, with 0-2 to 15 lead. Offenbanya {Graphic Tellurium),
"Sagyag {Yellow Tellurium), and California.

195. Nagyagite, Black Tellurium.

Pyramidal. P 137° 52'; Poo 122° 50';' and OP (fig. 343). Crystals
tabular, rare; in general in thin plates or foli-

ated. CI. basal, perfect; sectile; thin lamina
flexible. H. = 1 to 1-5; G. = 6-85 to 7-2.

Splendent. Blackish lead-grey. C.c: 51 to

63 lead, 6 to 9 gold, 1 copper and silver, 13 to
32 tellurium, 3 to 12 sulphur, and to 4-5

antimony. Nagyag and Ofl'enbauya in Tran-
sylvania.

196. Maldonite, AUoBi.

H. =1-5 to 2; G. = 8-2 to 97. Colour
silver-white, with black tarnish. C.c: gold Fig. 343 (sp. 195).

64-5, bismuth 35-5. Occurs in granite veins at Maldon iu Victoria.

197. Chilenite, Agi„Bi.

Minute plates of metallic lustre. Silver-white, but tarnished red
or yellow. Silver S3 9, bismuth 16-1. From the mine San
Antonio near Copiapo in Chili.

198. CiNNABAK, HgS.
Hexagonal and rhombohedral ; R71°48'. R(n),OR(o),ooR (w), ,;I!

(0 (fig. 344). Crystals rhombohedral; also

granular, compact, and eartliy. CI. ooR,
perfect ; fracture uneven and splintery

;

sectile. H.=.2 to 2-5; G.=8toS-2. Trans-
parent, with circular polarization. Adaman-
tine. Cochineal-red; streak scarlet. C.c:
86'2 mercury, 13'8 sulphur. Idria in .Carniola,

Almadcn iu Spain, Wolfstein in Bavaria,
Saxony, Hungary, Tuscany, China, Cali-
fornia, Mexico, Peru. Chief ore of mercury.
Hepatic Cinnabar is a bituminous mixture.

199. TiEMANNITE, HgSe.
Fine granular ; brittle. H. -2-5; G. = 7-1 to 7-4. Brilliant. Dark

lead-grey. C.c: 75 mercury, 25 selenium. Clausthal and Zorge.

200. LliRBACHITE, (PbHg)So .

Granular and massive. G. =7'8 to 7 '88. Colour steel-grey to
iron-black. Brittle. Lerbach, Tilkcrode in the Harz.

201. Gttanajuatite, Bi^Se,.

Massive; granular; foliated and fibrous. H. = 2'5 to3; G. =6 '25.

Blue-grey; streak grey and shining. Metallic; soft and malleable.
C.c: selenium 34-3, sulphur 7, bismuth 65. Santa Rosa (Guana-
juato, Mexico).

Fig. 344.

Also a pigment.
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Iron-black.

Colorada

202. CoioRADorre. HgT«

.

Unssivo anJ granular. II. -3; G. -8-63. Metallic

ConcUoidal fracture. C.c; 61 meroury, 39 tellurium.

203. MOLYBDENITK, MoS .

Hcx»gonal('). Crystals OP, aP; ajul OP, oi>P, P. Conerally Bcaly.

CI. bawl, perfect; sectilo and flfjiblo. Feols preMy. H. - 1 to 1 -5
;

G. -4 8 to 4 '9. LcaJ-grey with red tinpn
;
proy streak on paper,

^enish on porcelain. B.B. colours Oamo siskin-green ; on
charcoal yields sulphurous fumes,

and foruis a white coating ; in warm
nitrochloric acid a greenish, and in

boiling (. acid a blue solution.

Co.: 59 molybdeflum, 41 sulphur.

In granular limestones, and in '^'(^- "''°'

cranites in Sutherland, Ross, Aberdeen, Argyll, and Kirkcudbright;

Shap in Westmoreland, Caldbcckfell in Cumberland, Arendal,

Zinnirald, Mont Blanc, Maine, Connecticut, Yea in Victoria. Used

for prei>aring blue cari]pine, for colouring norcclain.

204. Lau-ritb, iRuOs^jS,.

Cubic. Crystals 0, ocOto ; odOS, ooOoo. CI. octahedral. H.

—

7 1>;G. -6-99. Metallic, bright. Dark iron-black. Powder grey.

Brittle. C.c: ruthenium 6518, osmium 803, sulphiir 3179.

From platinum grains, in Borneo and Oregon.

205. Rea.loaj<, AsS.

Oblique prismatic. ooP (ir> 74° 26'; P<'oo(n)132° 2', (OP02 (0113'

16'. Crystals (6g. 346) cenerally prismatic;

aometimes massire. Cl. basal, also clino-

diagonal ; fracture splintery ; sectile.

H.-1-6 to 2; 0.-3-4 to 36. Trans-

parent to opaque; resinous. Aurora-rjd ;

streak orange-yellow. C.c: arsenic 70,

Bulphur 30. Kagyag, FeUobanya. St

Gotthard, Vesuvius.

206. Obpimk.nt, AsjS,.

Right prismatic ooP 117' 49'. Fre-

quently foliated. Cl. brachydiagonal

;

striated vertically ; sectilo and flexible.

H. - 1 -5 to 2 ; G. - 3 4 to 35. Semi-
transparent; resinous to pearly. Citron- * ' '^

'

yellow and orange-yellow. C.c: arsenic 61, sulphur 39. Servia,

Kapnik, Andreasberg, Solfatara, Zimanan in Mexico.

207. DiMORPHlTE, ASjSj.

Right prismatic. H. -1;6; G. -358. Orange-yellow. Solfatara.

208. SriBNtTE, SbjSj.

Right prismatic. P polar edges 109° 26' and 108° 21'; ooP 90° 64'.

Crystals (fig. 347) generally prismatic. CL
brachydiagonal, perfect; sectile. H. — 2;
G. — 4'6 to 4"7. Brilliant lead-grey, often

tarnished. O.c. : antimony 718, sulphur

28 "2. Maisley, Banffshire ; Harehill,

Ayrshire ; Glendinning, Dumfriesshire ;

EndcUion and Padstow, Cornwall ; Wolfs-

berg, Harz : Przibram, Schemnitz,

Auvergne, Spain, America, Melbourne.

Chief ore of antimony.

209. Bi8Mi;thi>t;, BijS,.

Right prismatic, oo? 91° 30'. Crystals

prismatic, striated ; also granular and
foliated. CL brachydiagonal ; sectile.

H. - 2 to 2 -6 ; G. - 6 • 4 to 6 6. Lead-grey.

C.c: 81 '2 bismuth, 18-8 sulphur. Caldbcckfell (Cumberland),
Benruth (Cornwall), Riddarhyttan and Bastnacs (Sweden), Alten-

berg, Haddam (Connecticut), Ballarat (Victoria), Bolivia.

210. Frenzelite, BijSc^ or 2Bi,So3 -h BijS,

.

Right prismatic ; ooP 90° Needle crystals, and massive. Cl.

brachydiagonaL H. -25 to 3; G. -8-25. Bluish grey; streak

greyish black, shining. Lustre metallic. Malleable. C.c.: bismuth
67 "38, selenium 24 13, sulphur 6-6. Guanajuato (Mexico).

317 (sp. 208).

SULPHUR SALTS.

all. GtTEJAXITE, Cu3S-f2Sb;^,.

Right prismatic ooP 101° 9'.

G. -5-03. Steel-green, with bluisli

streak. Co.: copper 16 5, anti-

mony 68 '5, sulphur 25. Guejar in

Sierra Nevada.

212. MlARQTRITE, AgS -H SbS,

.

Oblique prismatic, C 81* 36'.

P 90° 63'; -P 69° 69'. CrysUls
pyramidal, or tabular (fig. 348)

;

massive; sectile. H. — 2 to 2'6
;

O. -6°2 to 6'3. Metallic adamantine,

CL brachydiagonaL H. — S-fi;

Fig. 348 (sp. •212),

Blackish load-grey to st«el

froy ; streak cherry rod. , C.c : 37 sUver, 41 antimony, 22 snlphnr.

rciberg, Przibram, Potosi,

213. MoROTOcniTE {Silber- JFismulh Olan:), AgS-fBiS,.

Massive. Colourgrey; streak light green. G. -6'92. C.c. silver

28 3, bismuth 54 7, sulphur 17. Morococha in Peru.

214. Sartohite, PbS-l-AsjS,.

Right prismatic Crystals slender; ocP 123° 20'. CH, OP, H.-8;
G. - 5-39. C.c. : load 42-68, arsenic 3093, sulphur 26-39. Binii'-n-

thal in Switzerland,

216. Zl-VCBKNITE, PbS-^SbS,.

Right prUmatic ooP (d) 120° 39'; P« (o) 150° 36' (fig. 349).

Crystals acicular ; vertically striated, and twinned K^ ^ jp
3 or 6. Sectile. H. -3 to 35; G. -6-3 to 6-35. \^,^y^
Steel-grey to load-grey ; with blue tarnish- Cc. . lead

35-9, antimony 42, sulphur 22-1. Wolfsberg.

216. Emi-lectite, CuS-^BiJS3.

Right prismatic Tin-white. Saxony, Wiirtemberg,

and Copiapo.

217. WOLFSBEROITE, CUjS -t-. SKSj

.

Right prismatic ooP 135° 12'; oo?2 111°. Crystals tabular;

also line granular. Cl. brachydiagonal, perfect ; fracture conchoidal

or uneven. H. —3-5; G. —4-748. Lead-grey to iron-black, sometimes
iridescent; streak black, dull. C.c: 25-4 copper, 49 antimony,
and 25-6 sulphuii Wolfsberg.

218. Bbrthierite, FeS, SbSj.

Massive ; columnar or libraus, with indistinct cleavage. H. —
2-3; G.- 4 to 4-3. Dark steel-grey, reddish. Tintagel and Padstow
in (Cornwall, Auvergne and Auglars (Creuse) in France, Briiunsdorf i>l

Saxony. In France used as an ore of antimony,

219. Plaqiokite, PbjSbj.

"ig. 349
(sp. 215).

P 134° 30' and 142° 3'/ -2E

Fig. 350 (sp. 219).

Oblique prismatic, C 72° 28'.

120° 49'. Crystals thick, tabu-

lar (fig. 350), minute, and in

druses. CL -2P, perfect; brittle.

H. -2-5; G. -5-4. Blackish

lead-grey. C.c: 41 lead, 38
antimony, and 21 sulnhur.

Wolfsberg.

220. Klaprothite, 3CujS
h2BijS3.

Right prismatic; long striated

crystals; ooP-107°. Wittichen,
Bulach. SchirmerUe, from Colorado, 3(AgjPb)S-f2Bi3S8, with G.
— 6-74, is similar.

221^-BiNNiTE, 3CuS-l-2AsjS3.

Cubic Typical forms ooO, 202 ; 0, ooOoo , 606 ; 404, lOOlO
305. H. =4-5; G. -4-48. MetalUc Black. Binnen.

222. Jamesoni-te, 3PbS-f2Sb2S3.

Right prismatic; ooP 101° 20'. Crystals 00P, obPoo, long-

prismatic, parallel or radiating. CL basal perfect, ooP and brachy-
diagonal imperfect; sectile. H. —2 to 2-5

; G. — 5-5 to 5-7. Steel-

grey to dark lead-grey. B.B decrepitates, fuses easily, and wholly
volatilizes except a small slag. SoL in warm n. acid. C.c: 44-6

lead, with 2 to 4 iron, 34-9 antimony, and 20-6 sulphur. Corn-wall,

Estremadura, Hungary, Siberia, and Brazil.

223. Ddeeenoysite, 2PbS-f As^Sj.

Right prismatic. ooP 93° 39'. .Generally in thick' rectangular
tables. H. -3; G. -6-56. Lead-groy. Brittle. Binnen, St Gotthard

224. Fkieslebenite, 6(Pb, Agj)S-f2Sb3S3.

Oblique prismatic, C 87° 46'. ooP 119° 12'; P'oo 81° 41' (fijt- 361)
in prisms with curved reed-like faces, and
strong vertical strise. Twins intersecting

;

also massive. Cl. ooP, perfect; fracture con-
choidal or uneven ; rather brittle. H. — 2 to
2-5

; G. -6-2 to 6-4. Steel-grey to dark lead-
grey. C.c: 22-6 silver, 324 lead, 268 anti-
mony, and 18-3 sulphur. Freiberg (Saxony),
Hiendelacncina (Spain).

225. Pyearoyrite, SAgjS -f SbjS,

.

Hexagonal rhombohedral ; R {P) 108° 42';

-iK137''58'; OR; -2K(r); R3; ooP2(s);
and coR {I), Crystals prismatic (fig. 352);
twins common, of various kinds; also massive,
dendritic, or investing. Cl R. rather perfect;
fracture conchoidal to uneven and splintery; Fig. 351 (8p,224).
sectilo. H. -2 to 2-6. Crimson-red to blackish lead -grey - streak
cochineal to cherry-red. Iluel Brothers and Huel Duchy in
Cornwall, Andreasberg, Freiberg, Johann-Georgenstadt. Annabeift
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Fig. 352 (sp. T«2a Fig. 363 (sp. 226).

Schneeberg, Marienborg, Przibrom, Schemnitz and Kieninitz,

Kongaberg, Mexico, Nerada, &o.

226. Pbotjstite, SAgjS + AsjSa.

Rhombohedral, like pyrargyrite, except R 107° £0' (fig. 353).

O.-&0 to B-6. Semi-

transparent to trans-

lucent on the edges.

Cochineal to crimson-red.

C.C.: 65-5 Bilrer, 15

1

arsenic, and 19-4 sulphur.

Streak aurora-red. B.B.

arsenical odour, and
difficultly reduced to

metallic silver. At the

same localities as pyrar-

gyrite; both are valu-

able ores of silver. Red
orpiment has a lower

spccifio gravity, and
yellow streak; cinnabar

volatilizes before the

blowpipe.

227. BOITLANOEEITE, 3PbS-fSbS,.

Fine granular, columnar, radiating, or fibrous ; slightly sectile.

H. =3 ; G. — 6 8 to 6. Silky, metalUc. Blackish lead -grey, with
darker streak. B.B. like jamesonite. C. c. : 69 lead, 22 8 antimony,

and 18 2 sulphur. Moiierea in France, Oberlahr (Rhenish

Prussia), Lapland, and Siberia. Plumboatib or Embrelhite, from
Kertchinsk, is only a variety.

S2S. KoBELLiTE, 3PbS, BiaS3-^3PbS, SbjS,.

Radiated columnar ; soft. G.-6-2to6-3. C. c. : 63 lead, 20 bis-

muth, 10 antimony, and 17 sulphur. Hvena in Nerlke (Sweden).

229. WiTTICHENiTK (Cwpreoiw .Bismutt), SCuS + BijSj.

Right prismatic ; in tabular crystals like boumonite. Wittichen

in the Black Forest.

230. BouBNONiTE (3CnS + S\S^ + 2(3PbS + SbjSj).

Right prismatic. ooP (d) 93° 40'; Poo (n) 96° 13'; P=o (e) 92° 34';

OP (r); oof00 (s); ooFoo (i) (fig. 354). CL brachydiagonal, im-

perfect; fracture uneven to conchoidal;

rather brittle. H. =2-5 to 3; G. -5-7
to 6 '9. Lustre brilliant metallic. Steel-

i;rey. C.c. : 42 '4 lead, 13 copper, 25
antimony, and 19 '6 sulphur. Redruth
and Beeralston ; Harz (Neudorf), Brauns-

dorf, Kapnik, Servoz ; Alais and Pontgi-

baud in France.

IVoliiiU from Welch in Carinthia is

only a variety.

231. AiKiNiTE {Needle-ore), 2(3PbS
+ Bi,SJ-hS(Cu3-hBi5SiO.

Right prismatic ; long thin crystals

imbedded in quartz, often bent or broken;
'

rather brittle. H. = 2 -5
; 6. - 6 7 to 6 -8. ^S- ^54 (sp- 230).

Blackish lead-grey or steel-grey, with a brownish tarnish. C.c. :

36 lead, 11 copper, 36 bismuth, and 17 sulphur. Berezoff (Siberia),

Georgia.

232. SmOTTP, 8(CuAgFe)S-l-SbjS3.

Right prismatic. OP 92° 30'. H. -3;G. -4'8. Black. Copiapo,

ChiK.

233. Annivite, 4CuS-t-(AsjS3, Sb^Ss, BijSj).

Massive, similar to the foregoing. From Anniver in Valais,

Sluderite is similar, but with 15 '5 of antimony.

234. JnLi.uuTB, 3Cu2S-fAsjS3.

Cubic. . G. -6-12. Metallic. Reddish grey. Rudelstadt in

Silesia.

235. Meneohinite, 4PbS-hSb3Sj.

Oblique prismatic, C 72° 8'. <»P 140° 24'; P°oo 70°. Crystals

small, acicular, chiefly of ooP'co, ooP''co, ooP ; rare; mostly

fibrous. H. — 3; G. =6'4. Bottino in Tuscany, Schwarzonberg in

Sisony.

236. JoRDANlTE, 4PbS-l-AsjS,

Right prismatic ; ooP 123° 29'. . CL brachydiagonal, perfect

Streak black G. -6-38. Co.: lead 68 '9, arsenic 12-6, sulphur

186. Binnen and Nagyag.

237. Teteahedbite {Fahlerz), 4CujS -f SbjS,

.

O 202
Tesseral and tetrahedral. In crystals .jj- , _ _, ooO, -^ (figs.

2

G. "-i-e to 5-2. Steel-grey to iron-black; streak black (dark red

when containing zinc). B.B. on charcoal boils, slightly, and fuses

to a steel-grey slag, usually magnetic, and with sodi gives copper.

C.c. essentially CujS in combination with SbjSj. Airthrey neai

Fig. 356. Fig. 356.

856 to 858, also 65, 66, 206). Twins (figs. 164, 207); generally

massive. CL octahedral ; fracture conchoidal ; brittle. H. — 3'44
;

Fig. 357. F'e- 358.

Stirling, Sandlodge in Shetland, Tomnadashin on Loch Tay, Kirk-

cudbright; Crinnis and other Cornish mines near St Austell; Harz,

Musen, Freiberg, Camsdorf, Alsace, Kremnitz, and Kapnik. Those

with 17 to 31 sUver are the Silver FaAlore (Freiberg). Ore of

copper and silver.

238. Tenkantite, (CuS, FeS) AsjSj'.

Cubio (like fig. 237). CL ooO. BriHle . H. = 4 ; G. - 4 -3 to 4 -6.

Iron-black; streak dark red, grey. C.c. : 49 copper, 4 iron, 19

arsenic, and 28 sulphur. Redruth and St Day (Cornwall), and

Skutterud. Copptr-JZentfo, with brownish red streak; G.='4-3; con-

tains 8 '9 zinc ; Freiberg.

239. POLYTELITE ( WeissgiUigen), 4RS + SbjSj

.

Like tetrabedrite. H. =2-5; G. =5-4 to6-7. C.c. : silver 6 to 22,

lead 38 to 52, antimony 8-5 to 22, sulphur 13 to 22-5. Freiberg.

240. Stephanite, BAg2S-^SbJS3.

Right prwrnatic. <»P (o) 115° 39'; P (P) middle edge 104° 20";

2?«.((i) middle edge 107° 48'; OP (s); oofoo(p) (figs. 333, 334).

CL d and p, both imperfect ; fracture conchoidal or uneven ;
sectUe.

H. -2 to 2-5
; G. =6-2 to 6-3. Iron-black to blackish lead-grey.

C.c. : 68 -5 silver, 15-3 antimony, and 16 '2 sulphur. Cornwall,

Freiberg, Schneeberg, Annaberg, Joadhiinsthal, Przibram, Schem-

nitz, Mexico, Peru, and Siberia. Valuable ore of sUver.

241. Geocronite, 5PbS-f(Sb, A3)3S3.

Right prismatic. Fracture conchoidal ; sectile. H. — 2to3;G. —
6 -45 to 6 -54. Pale lead-grey. C. c. : 67 lead, with 1 to 2 copper and

iron, 16 antimony, with 47 arsenic, and 17 sulphur. Sala m
Sweden, Meredo (Oviedo) in Spain, and near Pietrosanto in Tuscany.

242. KlLBEltKENITE, ePbS-fSbjSj.

Massive
;
granular or foliated. C. c. : 70 -01 lead, 13 76 antimony,

and 16-23 sulphur. County Clare in Ireland.

243. PoLTBASiTE, 9(Ag., CuJS -h (Sb, As)3S8.

Hexagonal ; P 117°. Crystals OP. ooP ; and OP, P, Uhalai.

C basal, imperfect ; sectile, and easily frangible. R = 2 to 2-5;

G,-6 to 6-25. Iron-black, in very thin lamella, translucent,

red. C.c. : 64 to 72 silver, 3 to 10 copper, 16 to 17 sulphur, 0^2 to

8 antimony, and 1 to 6 arsenic. Freiberg, Joachimsthal, Schem-

nitz, Guanajuato, Nevada, and Idaho. Rich ore of silver.

244. PoLTAEQTRITE, 12AgS-hSb3S,.

Cubic. Typical form 0, ooOoo, ooO.mOm. CL cubic. H. -S-S;

G. -6-97. Metallic, iron-black ; streak black -"-""-i

78 '2 silver, 7 '4 antimony, 14-6 sulphur.

245. Ekabqite, 3CuaS + A32S5.

Right prismatic. CL o.P 97° 63' perfect, brachydiagonal 100° 68'

and macrodiagonal less so. Typical form ooP, OP, ooPeo

Brittle. H. -3; G. -4-3 to4-6
19-1 arsenic, and 32 'e sulphur.

iralleable. Co.
TVolfach in Baden.

Iron-black. C.c.

Morococha in Peru.

48 3 copper.
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246. Claritb, 3CuS + AaS.
Oblifiue prismatic. CI. clioodugoDal. Ordinary form ooP,

ooP'cD, OP, mP. H. -3-5; G. -4-46. Darkbluishgrey. Kinzig-
thai in Baden. LunmiU is similar.

247. Fakatinite, SCuS + SbS.

Right prismatic. Typical form OP, ooP, ooPoo, ooPs. Massivoor
rtnilorm. H. — 35 ; G. -4 Sr. Copper-red to grey ; streak black.

Fomatina Mts. in the Argentine Republic, and Cerro de Pasco in
Peru.

248. CHrviATiTE,2PbS + 3Bi^,.

Foliated, massive. 0. — C'9. Uetallic Lead-grey. ChiTiato in

Peru.

249. EpiOENrrE, CRS-hAs^,.
Right prismatic. «P 110° CC. Steel-grey. H-3'5. Witti-

chen.

250. Epiboulahoeeite, 3PbS-FSb^j.
Kight prismatic. G. -6'8. Metallic. Blue-black. Altenbnrg

in Silesia.

251. Xanthocox, 2(3AgS + As^,)-l-(3AgS-hAs^5).

Hexagonal rhombohedral. K : OR 110° 30'. Crystals thin hex-
agonal tables; brittle, easily frangible. H. -2 to 25; G. =5 to
6 2. Translucent; adamantine. Orange-yellow or brown; streak
darker. In the closed tube fuses easily, becomes lead-grey. Co.

:

63 '4 silver, l4 7 arsenic, and 21 '9 sulpnur. Himmelsriirst mine at
Freiberg.

252. Ptkostilpnite {Fire-blende).

Oblique prismatic ; crystals like stUbite. OP 139° 12*. Twins on
orthodiagonal. H. = 2;G. — 4 2. Lustre pearly, and adamantine.
Colour hyacinth-red and bright-yellow. Sectilc. C.c. : 62 3 silver,

with sulphur and antimony. Freiberg, Andreasberg, Przibram.

OXYSUXPHURETa
253. EsBMSsrrB, Sb03-f2SbSj.

Obliqueprismatic ; crystals ojPoo
, OP, acicular and diverging

;

sectile. H. -1 to IS ; G. -45 to 4-6. Translucent ; adamantine.
Cherry-red ; streak similar. Sol. in h. acid. In potash solution
becomes yellow, and dissolves. C.c: 76 "3 antimony, 19 '8 sulphur,
4 9 oxygen. Braunsdorf, Przibram, Pemek near Bbsing (Hungary),
AUemont, Southham (Canada).

254. VoLTziN-E, ZnO + 4ZnS.
Incrusting. H. -4-5; G. -37. Yellow. Pontgibaud and

Joachimsthal,

255. KAREtnnTE, SBiO-nBiS.

H. — 2;G. — 6 6. Metallic. Lead-grey. Zarodinski in the Altai.

256. BoLiviTE, BijOj + BijSj.

Rhombohedral. iS'om Bolivia.

BELENITE3.

257. Chaxoombotte, (!:uSe + 2lJ2[-CuO, SeOj-(-2H30].

Oblique prismatic, C 108° 20'. G.-376. Bright blue. Trans-
Mrent. C.c: selenious acid 43-2, copper oxide 35-4, water 15 3.

Cerro do Cacheuta (Mendoza, Argentine Republic).

NITRATES AND BORATES..

258. NmuTiNB, l!fa,Nj; = Na50, NjOj].

Rhombohedral
; R. 10C° 30'. Tarapaca in Peru. Used in the

arts as a substitute for nitre ; but deliquesces in moist air.

259. JUlTKt (SaUpelre), K.S„[-K30, NjOJ
Right prismatic. aP (J/) 118° 49'; 2poo {!>) 70° 65'; foo J09° 62';

00Pec (A) (fig. 275); isomorphous with aragonite. Acicular,
capUlary, or pnlverulc-nt. CI. indistinct; fracture conchoidal H. =
2; G. — 1-9 to 2. Semitransparent ; vitreous or silky. Colour-
less, white, or grej. Taste saline and' cooling. Deflagrates
when placed on hot charcoal ; and B.B. on platina wire melts very
easily colouring the flame violet. C.c. : 46 6 potash and 68-4 nitric
acid, but always more or less impure. In the limestone caves of
many countries; Hungary, Spuiu, India. Used for producing nitrio
acid, in glass making, medicine, and the manufacture of gunpowder.

260. NmioCALClTE, Caiifj-HU,.

Fibrous or pulverulent. White or grey. C.c: 30-8 lime, 69-3
nitric acid, and 9 9 water.' Limestone caves of Kentucky : on old
walls and limestone rocks.

261. NiTROMAONESITB, MgNj + llj.

Taste bitter. In the same places, and similar to nitrocalcite.

262. BoRACiTE, 2Mg3Bi+MgCl.
Tesseral and hemihedral (figs. 63, 253, 359). CL octahedral, im-

Serfect ; fracture conchoidal ; brittle.

[. _7; 0.-2-9 to 3. Transparent or

translucent ; vitreous or adamantine.

Colourless or white, often greyish, yellow-

ish, or greenish. Becomes polar electric by
heat. B.B. fuses with difhculty to a clear

yellowish bead, which on cooling forms a

white opaque mass of needle like crystals

;

at the same time colours the flame green.

Sol. in h. acid. C.c. :
62 '5 boracic acid,

26 '9 magnesia, 7 '9 chlorine, and 27 mag-
nesium. Liineberg, Segeberg in Holstein, Fig. 359.

Stassfurt.

263. Stassffrtite.

In very minute prismatic crystals. "White, C.c. same as bora-

cite, and thus perhaps dimorphous. Stassfurt.

264. Rhodizite, 2Ca3B4 (!).

H. — 8 and G. =3'3 to 3 '42; agrees in most characters with

boracite. Pyro-electric. Mursinsk in Siberia.

265. LuDWiGiTE, 2MgB + rere2.

Fibrous masses. From limestone at Morawitza in the Banat.

266. Bonxx [Tinkal), ifafiH+lOil..

Oblique prismatic, C 73° 25'. ooP 87° ; P 122° 34' (fig. 360)
Almost, isomorphous with augite; brittle. H. =2
to 2 '5; G. = 17 to 1 '8. Pellucid; resinous. Colour-

loss, or yellowish, greenish, and greyish white^

Taste feebly alkaline and sweetish. C.c: 16 '4

soda, 36 '5 boracic acid, and 47 '1 water; but often

with 2 phosphoric acid or other impurities. Shores

of salt lakes in Tibet and Nepal, in California,

and near Potosi.

267. BOROCAIOITE, 6a2'B -I- efij •

Similar to ulexite 'so. 268) ; and from same
locality: Fig. 360 (sp. 266).

263. Ulexite, S^a22B+ 2(5a2lB'-H8rt2.

Fibrous. H. = 1;G. =1'6. White. Tasteless. Iquique andNov^i
Scotia.

269. SZAIBELTITE, iiigfiB + StL^.

H. = 3 -5 ; G. = 2 7. WerksthSl in Hungary.

270. Htdrobokacite, 2Ca3B3+21Ig3B3-fl2'Hj.

Radiating and foliated. Caucasus. A similar mineral, with soaa
in place of magnesia, is found in Peru.

271. SussEiiTB, ()ln, Mg)2B-Hll2.

Fibrous, silky. White H. =3;G. =3-4. Franklin (Sussex

ccunty, New Jersey).

ANHYDROUS CARBONATES.

272. Caloite {Calc-spar, Calcareous Spar), CaC

.

Hexagonal and rhombohedral ; R 105° 5' (fig. 101). Th^forms
and combinations exceed those of any other mineral. Among them
are more than fifty rliomboliedrons, especially -.^R 135° ; R ;

- 2R
79°

; and 4R 66° ; with OR and osR as limiting forms. There are

one hundred and fifty-five distinct scalenohedrons, as R3 ; R2
;

.E3 ; and the second hexagonal prism 00P2. Hexagonal pyramids
are among the rarer forms. Some of the most usual combinations are

00R, -pi {c, g, fig. 179) ; or - JR, 00R, very frequent ; also 00 R,
OR ; likewise - 2R, R If, P, fig. 107) ; R3, 00R, - 2R ; R5 (y), R3
(r), R (/'), 4R (m), ooR (c) (fig. 109); R, R3 (fig. 108). Several
hundred distinct combinations are known.

Hemitropcs and twins are not uncommon. These occur
with the axes parallel (figs. 106, 146, 148, ISO, 366, 367). Othera

H
Fig. 861. Fig. 362. Fig. 863. Fig. 364.

o!?.'^o,"''«'°°^
by a face of R, the axes being almost at right angles,

89 8 (figs. 183, 369) or by a face of - JR, in which the chief
a.\es form an angle of 1274"; and usually many times repeated,
so that the centre crystals appear in lameUaj not thicker than
napcr (fig. 181) ; at an obtuso angle, as figs. 149, 363, or an acuta
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angle, as figs. 36i, 368. Also occurs granular, lamellar, parallel

or radiated fibrous, compact and earthy. CI. rhombohedral along
R, very perfect and easily obtained, so that the conchoidal
fracture is rarely observable ; brittle. H. =3 ; G. =2'6 to 2 8 ; pure
transparent crystals— 272. Pellucid in all

degrees. Very distinct double refraction.

Lustre vitreous, but several faces resinous, and
OR pearly. Most frequently colourless or

white, but often grey, blue, green, yellow,

red, brown, or black ; streak greyish white.

B.B. infusible, but becomes caustic and emitc
a bright light. Effervesces, and is entirely

soL in h. or n. acid. The fine powder, ignited „
on platina-foil over the spirit-lamp, forms a S- ^°^-

somewhat connected mass, and even adheres to the platina. C.e.

of the purest varieties, carbonate of lime, with 44 carbonic acid and
56 lime, but usually contains magnesia and protoxide of iron or

of manganese. Remarkable specimens of the crystallized variety

or proper calc-spar are found at Alston
Moor in Cumberland (flat rhombic
crystals) and in Derbyshire (pale yellow

Fig. 366. Fig. 3G7.

transpareuf pyramids), at Strontian, Elie in Fife (figs. 370, 371,
S72), Andreasberg and other parts of the Harz (sLi-sided i^risms),
and at Freiberg, Tharand, and Maxen in Saxony.

Certain varieties are distinguished. Iceland Spar, remarkable
for its transparency and double re-

fraction, occurs massive and in huge
crystals in a trap rock in Iceland.
Stale Spar, thin lamellar, often
with a shining white pearly lustre
and greasy feel ; Abergairn and Glen

Fig. 368. Fig. 369.

Tilt in Scotland, Wicklow in Ireland, and Norway. AphrUe, fine
scaly ; from Hesse and Thuringia. Marble is the massive crys-
talline variety o£ this mineral, produced by igneous action on com-

pact limestone. Paros, Naxos, and
Tenedcs furnished the chief supply to
the Grecian artists ; Carrara, near the
Gulf of Genoa, to those of modem
times. Some of the coloured marbles

Fig. 370. Fig. Sn.
of the ancients were I'mpura limestones, as the CipoUino, zoned
with green talc or chlorite and Verde Antique, mixed with green

Fig. 372.

serpentine. Ruin iiarble shows irregu'ar markings like ruins;
Vat d'Arno (Florentine marble), and Bristol (Cotham marble).
LucuUite from Egypt, and Anihraconite, from Campbelltown and
Kilkenny, are black from carbon. Lumachcllo, from Bleiberg ifl

Carinthia, exhibits beautiful iridescent colours from fossil shells,

sometimes deep red or orange {Fire Marble). Hislopite, from
Poonah, is green, from celadonite.

Limestone occurs in all formations under various names, as Oolite,

egg-stone, or roe-stone,—round concretions with a concentricstructure
like the roe of a fish ; Pisolite, or peastone,
similar structure ; Chalk, soft earthy

;

Lithographic Stone, yellowish and compact,
from Solenhofen ; and Marl, calcareous
matter more or less mixed with clay.

Calcareous Txifa, generally a recent deposit
from calcareous springs, has often a loose
friable texture, but at other times is hard
and compact; and in the neighbourhood of
Rome forms the comniou building stone
Travertine. The sandstone of Fontaine-
bleau is carbonate of lime (J) mixed with
quartz sand (|), and occasionally crystal-
lizing in rhombohedrons.

This mineral is employed in many
ways :—the coarser varieties, when burnt

.

to drive off the carbonic acid, as lime, for
mortar, manure, tauning ; as a flux in
melting iron and other ores, or in pre-
paring glass, and for similar purposes ; the
finer, as marbles, for sculpture, architec-

ture, and ornamental stone-worb; the chalk for writing, white-
washing, or producing carbonic acid.

Flumbocalciie.—CI. 104° 53'. White and pearly; softer than
calc-spar

; but G. = 2-824. Contains 2-3 to 7 '8 carbonate of lead.

"Waulockhead and Leadhills (Scotland).

273. Dolomite {Bitter-spar), CaC-hllgC.
Hexagonal rhombohedral ; R 106° 15'-20' ; most frequent form

R. The rhombohedrons often curved and saddle-shaped ; also
granular or compact, often cellular and porous. CI. rhombohedral.
H. = 3-5 to 4 '5; G. = 2-85 to 2-95. Translucent; vitreoui, but
often pearly. Colourless or white, but frequently pale red, yiUow,
or green.

_
B.B. infusible, but becomes caustic, and often shows

traces of iron and manganese. Fragments effervesce very slightly
or not at all in hydrochloric acid ; the powder is partially soluble,

c. wholly when heated. C.c. : 54-3 carbonate of lime and 467
carbonate of magnesia, but generally carbonate of lime with more
than 20 per cent, carbonate o( magnesia and less than 20 per cent,
carbonate of iron.

Varieties are

—

Dolomiie, massive-granular, easily divisible, white;
Rhomb or Bitter-spar, larger grained, or distinctly crystallized and
cleavabie, often inclining to green ; and Brown-spar and Pearl-spar,
in simple crystals generally curved (fig. 231), or in imitative forms,
of colours inclining to red or brown, more distinct pearly lustre, and
under 10 per cent, carbonate of iron. Leadhills and Charlestown
in Scotland, Alston in Cumberland, in Derbyshire, Traversella in
Piedmont, St Gotthard, Gap in France. Greenish, twinned ; Miemo
in Tuscany {Miemite), and Tharand in Saxony (Tharandite).
The massive and compact varieties are very common, and are

valued as buUding stones (cathedral of Milan, York Minster, and the
Houses of Parliament at 'Westminster). The Parian marble, and
also the Sutherland and lona marbles, belong to this species.

274. Anker^te, CaC + (MgFe)C.

R 106° 12'. Usually massive and granular. G. = 2'9to3'l.
Otherwise like siderite. Unst (Shetland), Styiia.

275. JU.GNESITE, MgO.
Rhombohedral ; 107° 10'-30'. Reniform or massive. H. =3-5;

G. =2'85 to 2'95. Subtranslucent or opaque; streak shining.
Snow-white, greyish or yellowish white, and pale yeUdw. Tyrol.
Norway, North America.

276. BEEtTNNERiTE (ffioicrttfe), li:gC-f (MnFe)C.
Hexagonal rhombohedral; R107°10'-30'. Granular or columnar.

01. R, very perfect. H. = 4 to 4 '5
; G. = 2 '9 to 3 -1 Transparent or

translunent on the edges ; highly vitreous. Colourless, but often

yellowish brown or blackish grey. C.c. essentially carbonate of

magnesia with 517 carbonic acid and 48 '3 magnesia, but often
mixed with 8 to 17 carbonate of iron or manganese. Unst, Tyrol (in

Fassa Valley, &c.), St Gotthard, Harz.

277. Siderite (Sparry Iron, Chalybite), FeC

.

Hexagonal and rhombohedral ; R 107°. Chiefly R, often curved,
saddle-shaped (fig. 232), or lenticular. 01. rhombohedral along B,
perfect; brittle. H. -3-5 to 4-5 ; G. -37 to 3-9. Translucent in
various degrees, becoming opaque when weathered ; vitreous or pearly.
Rarely white, generally yellowish grey or yellowish brown, chaugiog
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to red or blackish brown on exposarc. B.B. inrusibic, bnt becomes
bUcIc and magnetic ; vith borax and salt of phosphorus shows
reaction for iron ; with soda often for manganese. In acids soluble
with effervescence. C.c carbonate of iron, with 62-1 protoxide of

iron and 37 '9 carbonic acid, but usually 0'6 to 10 or even 25
protoxide of manganese, 0°2 to 15 magnesia, and O'l to 2 lime.

Unst, Kintyr«. In beds or masses in Bceralston in Devonshire,
Alston Moor in Cumberland, and in many of the tin-mines in

Cornwall, in Styria, Cariuthia, and Westphalia ; in veins in Anhalt
and the Harz ; also in the Pyrenees and the Basque provinces of

Spain, as near Bilboa ; in crystals at Joachimsthal, Freiberg,
Klausthal.

Clay Ironstone, grey, blue, brown, or black,—G. — 2 '8 to S '6, H. —
8 "5 to 4 '5,—is an impure variety.

278. DiALOGiTE [Red Manganese), jilnO

.

Hexagonal rhombohedral ; R 106° 66'. Crystals often curved,
t:<nticuUr, or saddle-shaped ; also spherical, reniform, and columnar
orgranular. CI. R, perlcct. H. -3-5to4-5; G. -3-3to3-6. Trans-
lot ent; TitreoHs or pearly. Rose-red to flesh-red; streak white.
Ct,: 62 manganese protoxide and 38 carbonic acid. Freiberg,
Schemnitz, Kapnik, ^agyag, Elbingerode, and near Sargans

279. COBALTSPATH, <}oCo

.

Rhombohedral and spheroidal. H. — 4 ; G. = 4 to 4 'IS. Peach-
blossom-red ; but dark externally. Schneeberg.

280. Smithsonitk (Calamine), tuC

.

Hexagonal rhombohedral ; R 107° 40'. tTsually reniform, stal-

actitic, and laminar or granular. CI. R, perfect, but curved; fracture

uneven, conchoidal ; brittle. H. — 5 ; G. =4'1 to 4'6. Translucent
or opaque

;
pearly or vitreous. Colourless, but often pale greyish

yellow, brown, or green. Co.: 648 zinc oxide and 35'2 carbonic
acid. Slendip in Somersetshire, Matlock in Derbyshire, compact at
Alston Moor, Chessy near Lyons, Alteuberg near Aix-la-ChapeUe,
Brilon in Westphalia, Tarnowitz in Silesia, Hungary, Siberia.

2S1. Araoonite, CaC.

Bight prismatic. coP 116° 10' ; foo 108° 26'. The most common

combinations are ooPio (h), ooP(J/), Poo (Jc, F) (fig. 276), generally

long prismatic (like the separate crystals in fig. 18^) ; oofoo, ooP,

OP, generally short prismatic
;
qrystals of GPJ, ooP, ?», 6foo (j)

(fig. 373) acute pyramidal. But simple ciystals are
rare, from the great tendency to' form twins, con-

i'

pined by a face of oo^^ and repeated either in
inear arrangement (fig. 185) or in rosette group-
ing (fig. 186). Also columnar, fibrous, and in
crusts, stalactites, and other forms. CI. brachy-
diagonal, distinct ; fracture conchoidal or uneven.
H. -S-5 to 4 ; G. -2-9 to 3 (massive 27). Trans-
parent or translucent ; vitreous. Colourless, but
yellowish white to brick-red ; also light green,
violet-blue, or grey. In the closed tube, before
reaching a red heat, it swells, and falls down into
a white coarse powder, evolving a little water.
TTnst and Leadhills ; Valencia, Molina and else-
where in Aragon ; Leogang in Salzburg, and Anti-
paros. Flos-ferri, coralloid, in the iron-mines of
Styria: ' Satin-spar, fine fibrous silky, at Dufton
(Westmoreland). Stalactitic, coast of Galloway,
Leadhills, Buckinghamshire, and Devonshire. Also
deposited as tufa by the Carlsbad and Other hot
springs.

28a WiTHERITE, fiaO.

Right prismatic. o»P (?) 118° SO"; 2foo(P) 112°. Crystals
pot common like fig. 275, but generally with quite an hexagonal
aspect from being twinned like aragonite
(fig. 374). Oftencr spherical botryoidal, or
reniform,with radiated-columnar structure.
01. 00 P, distinct ; fracture uneven. H - 3
to 3 '6; G. — 4 2 to 4 3. Semitransparcnt
or translucent ; vitreous, or resinous on
the fracture. Colourless, but generally
yellowish or greyish. B.B. fuses cosily
to a transparent globule, opaque when
eold ; on cnarcQal boQs, becomes caustic
and sinks into the support ; soluble with
effervescence in n. or h. acid. C.c: 223
carbonic acid and 777 barj-ta. Alston
Jloor and Hexham in Northumberland,
also in Styria, Salzburg, Hungary, Sicily,

Siberia, and Chili.

S3S. Alstowite, 6aC^CaC.
Right prismatic. ooP 118' 60'; 2?oo 111° 60' ; usual combination

P, 2P<», ooP, resembling on hexagonal pyramid (fig. 37o). CL ooP

Fig. 373.

Fig. 874.

and oo?oo, rather distinct H. -4 to 4-5; G. -3-65 to 378.

876. Translucent ; weak resinous.

Colourless or greyish-white. C.c:
66 carbonate of baryta and 84
carbonate of lime. Fallowfield near

Hexham, and Alston Moor.

284. Stbontianite, ferC.

Right prismatic. ooP 117° 19';

?oo 108° 12'. Crystals (fig. 376)

and ti*in3 like aragonite ; also broad

columnar^ and fibrous. CI. pris-

matic along ooP (J/). H. — 3'5;

G. -3-6 to 3 '8. Translucent or

transparent ; vitreous or resinoos

,
on fracture. Colourless, but often

light asparagus- or apple-green, more
rarely greyish, yellowish, or brown-
ish. B:B. fuses in a strong heat

only on very thin edges, intumesces
in cauliflower-like forms, shines F>g- 375 (sp. 283).

brightly, and colours the flame red ; easily soluble in acids, witfc

effervescence. C.c: 30 carbonic acid and 70 strontia. but often

contains carbonate of lime (6 to 8).

Strontian in • Argyllshire, Suther-
land, Leogang in Salzburg, Brauns-
dorf in Saxony, Hamm in West-
phalia, the Harz; at Schoharie
(N.Y.) and elsewhere in United
States (EmmoniU). It is used
to- produce red fire in pyrotechnio
exhibitions.

285. Manoanocalcite, (Mn, Ca, ft) C

.

Right prismatic ; in prisms like aragonite, and bears the sami*

relation to dialogite that aragonite does to calc-spar. H. = 4 to S

;

G. - 3 03. Red or reddish white. Vitreous. Schemnitz.

286. Cekussite (i«ad ^;)ar), Pb"C

.

Right prismatic; isomorphous with aragonite and nitre. aP
(U) 117° 14'; I-oo 108° 16'; 2Poo («) 69° 20';

also OP; P (0; it^oo {s); «?oo
(J,); cof3 («)

(fig 377). Twins common (figs. 168, 159, 378,

879). Also gi-anular or earthy. CI. ooPandi

2Poo , rather distinct ; fracture conchoidal

;

easily frangible. H. -3 to 3 5; G. =6-4 to
6 '6. Transparent or translucent ; adamantine «

or resinous. Colourless and often white, but
also grey, yellow, brown, black, rarely green,
blue, or red ; streak white. B. B. decrepitates

violently, hut easily fused and reduced
;

soluble with effervescence in n. acid. C.c :

83 '5 protoxide of lead and 16
'^ carbonic acid.

Very cpihmon. Leadhills, Wanlockhead,
Keswick, Alston Moor, Becralston in Devon-
shire, St Miaver in Cornwall ; Przihram, Mies, and Bloistadt

;

Fig. 376.

Fig. 377.

Fig. 378.- Fig. 379.

Tarnowitz, Johann-Georgenstadt, Zellerfeld, Klausthal, and many
other places.

287. Baryto-Calcitb, 6aC-hCa6.

Fig. 380. Fig. 3S1.

Oblique prismatic, 69° 30'. ooP (m) 84° 62', P (s) 106° 64
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Fig. 382 (sp. 289).

22 soda, 15 carbonic

^
Fig. 383.

P°oo (A) 61° (figs. 380, 381) ; also columnar and granmar. CI. P
purfect, P'oo less perfect. H. =4; G. =3-6 to 3 7. Transparent

yr translucent ; vitreous, inclining to resinous. Yellowish white.

C.c. : like alstonite. Alston Moor.

^88. BlSMUTO-SPH^RITE, BijC

.

Small fibrous brown concretions from Neustiidtel, near Schnee-

berg.

HYDROUS CARBONATES.

289. Thbrmonatkite, NajC + ftj.

Right prismatic. af2 (d) 107° 50'; Poo (o) 83* BO'; with oofoo

(P) in rectangular tables (fig. 382). CI.

brachydiagonal, perfect. H. = 1 '5 ; G. = 1 '5

to 1'6. Colourless. B.B. like natron,

but does not melt. C.c: 50 '1 soda, 35-4

carbonic acid, 'and 14 '5 water. Natron
lakes of Lagunilla in Venezuela, of Lower
Egypt, and of the steppes between Urals

and Altai,

290. Natron, ^ajC + lOHa.

Oblique prismatic, C 57° 40'. Crystals

artificial ; with ooP 79° 41' ; P 76° 28'.

CL orthodiagonal, distinct. H. = 1 to 1 '5;

G. =1'4 to 1'5. Pellucid; vitreous.

Colourless or greyish white. B.B. melts

easily, colouring the flame yellow. C.c.

acid, and 63 water ; but mixed with chloride of sodium and other

salts. Only as un efflorescence on the ground or rocks (lava of

Vesuvius and Etna) in various countries (Hungary, Egypt, Tartary),

and in mineral springs and lakes. .Used in the manufacture of

soap, in dyeing, and in bleaching.

291. Trona, Urao, N'a2C3 + 4H2.
Oblique prismatic. Crystals OP (7), ooP»oo (A^, P (»). T:M

103° 15' (fig. 383). CI. orthodiagonal, perfect.

H, =2-5 to 3; G. =2-1 to 2 2. Transparent to

translucent. Colourless. Does not decompose in

the air. Taste alkaline. C. c. ; 38 soda, 40 car-

bonic acid, and 22 water. Fezzan and Barbary

(
Trona), Lagunilla

(
Urao).

292. Gatlussite, Na^C + CaC + BHj .

Oblique prismatic, C 78° 27'. CI. aP, imperfect j fracture

;onchoidal. H. •= 2 -5
; G. = 1 '9 to 1 '95. Transparent ; vitreous.

Colourless. C.c. : 34 '5 carbonate of soda, 33 'e carbonate of lime,

30-4 water, with 1 '5 clay. Lagunilla.

293. Htdromaqnesitb, MgiC^ + iili.

Oblique prismatic. ooP 88° nearly. Crystals small, rare ; also

massive. H. -1-5 to 3; G. -2-14 to 2-18. Vitreous or silky.

White. C.c. : 36-2 carbonic acid, 44 magnesia, and 19'8 water.

Unst (Shetland). Moravia, Kumi in Negropont, Hoboken in New
Jersey, and Texas in Pennsylvania.

294. AzORiTE (Blue Copper), Cu3C2+ Hj.
Oblique prismatic, C 87° 39'. ooP {M) 99° 32'; - P (V) 106° 14'.

Crystals OP, ooP, ooP»oo,-P (or h, M, s,k', in fig. 384, but in

another position) ; also radiated and earthy. CI. clinodomatio (P)
59° 14', rather perfect ; frac-

ture conchoidal or splintery.

H. = 3-5 to 4-2 ; G. =37 to 38.
Translucent or opaque ; vitre-

ous. Azure-blue, the earthy
varieties (and streak) smalt-

blue. B.B. on charcoal fuses

and yields a grain of copper
;

soluble with effervescence in

acids, and also in ammonia.
C.c: 69-1 protoxide of copper, Fig. 384._

25"7 carbonic acid, and 5 2 water. Crystals at Redruth, Alston
Moor, Chessy near Lyons, in Siberia, Moldawa in the Banat, Burra^
Burra (Australia). Valued as an ore of coppet

295. Malachite, CujC + H,.

Oblique prismatic, C 61° 50'. ooP 104° 20'. Crystals ooP (il/),

ooP'oo (s), OP (P), in hemitropes (fig. 385). In general acicular,

scaly, or reniform, stalactitic, and radiated fibrous.

CI. basal and clinodiagonal, very perfect. H. — 3'5

to 4 ; G. =3'6 to 4. Transparent or translucent on
the edge-s ; adamantine, vitreous, silky, or dull.

Emerald and other shades of green ; streak apple-
green. B. B. and with acids like aznrite. C.c :

71 '8 copper protoxide ( = 57 '5 copper), 20 carbonic
acid, and 8-2 water. Crystalline at Rheinbreiten-
bach on the Rhine and Zellerfcld in the Harz ; fibrous ^'g- 385.

and compact at Sandlodgo in Shetland, LeadhiUs, Cornwall, Wnles,
and Ireland, at Chessy in France, Siberia,- the Urals, Saalleld in

M

Thuringia, Moldawa in the Banat, in North America, Africa, anj
Australia. Frequeqtly pseudomorphous after copper and its ores,

also after calcite and cerussite. valuable ore of copper ; the finer
varieties are prized for ornamental purposes.

296. Hybrozincite, ZnC-h22nftj.

Massive. C.c: zinc oxide 75*3, carbonic acid 13'6, water ll'l.
Spain, Westphalia, Bavaria, Persia, United States. Valuable ore,

297. AuRiCHALCLTE, 2CuC + 32nil,

.

Acicular. H. =2. Translucent, pearly, and verdigris-grccn
C.c: 292 copper protoxide, 447 zinc oxide, 16'2 carbonic acid,
and 9 '9 water. LeadhiUs, Matlock, Loktevski in the Altai.

298. Emerald-Nickel {ZarMle), SiC-)-6fl,.

Amorphous, reniform, and incrusting. H. -3; G. =26 to 2 7.

Translucent; vitreous. Emerald-green. C.c: 59 3 nickel pro-
toxide, 117 carbonic acid, and 29 water. On chromite at Hagdala
in Unst, Texas in Pennsylvania ; also Cape Ortegal in Spain,
Tyrol, and Ekaterinburg in the Urals.

299. LiNDAKERiTE, UjC-l- 2CaC -f lOHj.
In small siskin-green crystalline aggregates. H. =2-5 to 3.

From Elias mine near Joachimsthal, implanted on pitch-blende.

300. VooLiTE, 4Ud-t-7CaC-t-30uC'4-24Hj.

Rhomboidal. Emerald-green scales with pearly lustre. Eliaj
mine, Joachimsthal.

301. LiEBioiTE, U2C-HCaC-l-20Hj.

Mammillary concretions. H. =2to2'5. Apple-green. 'Adrian-
ople, Joachimsthal, and Johann-Georgenstadt.

302. BisMUTHiTE, BijC3-(-4H2.

Disseminated, investing or acicular; fracture conchoidal or un-
even ; very brittle. H. = 4 to 4 5 ; G. - 6 -8 to 6 '91. Opaque ; dull
vitreous. Grey, yellow, or green. C.c. : 90 '1 bismuth oxide, 6 '4

carbonic acid, and 35 water. UUersreuth (Reuss), Schneeberg,
Johann-Georgenstadt ; also Chesterfield in South Carolina.

303. Lanthanite, h^iC + Zii^.

Right prismatic. ooP 92° 46'. Small tabular crystals ; usually
granular or earthy. CI. basal. JI. -2;G. =27. Dull or pearly.

White or yellowish. C.c. : 21 carbonic acid, 55 lanthanum oxide,

and 24 water. Bastnaes in Sweden, Lehigh in Pennsylvania,

CARBONATES WITH HALOID SALTS, &o.

304. Phosgenite, PbCl-f PbC.
PyramidaL P 113° 66'. Crystals short-prismatic or sharp'

pyramidal. CI. ooP, rather perfect ; fracture ^ -^
conchoidal. H. = 2o to 3; G. =6 to 6-2. /T 7<A
Transparent or translucent ; resinous adaman- A\__f_//\Vt
tine. \Vhite, yellow, green, or grey. C.c. : " ^ ''

51 chloride and 49 carbonate ot lead. Very
rare. Stottfield

near Elgin in

Scotland, Matlock
and Cromford in

Derbyshire, Tar-
nowitz. I'ig- 386.

305. Parisite, 3<ieO-l-CaF.

Hexagonal. P 164° 58'. CL basal,

perfect. H. -4-5; G. = 4-35. Vitre-

ous ; on cleavage - plane pearly.

Brownish yellow, inclining to red.

C.c. : 23 '6 carbonic acid, 42 '5 prot-

Fin- "^ST ccr, •jnci oxide of; cerium, 8 '2 lanthanum
Fig. 387 (sp. 305).

^^^^_ g .g didy^;^ „^jg_ 2-8 Ume,
10 1 fluoride of calcium, and 2 2 fluoride of cerium. Emerald
mines of the Muzo Valley in Colombia, Urals.

306. Leadhillite (.Jferiie), PbisCjSjOn-fSllj.

Right prismatic. P middle edge 137°; ooP 120° 20'; 2?» 43° 12".

m' *

^ >

—

r.—c:S

Fig. 388.

Mostly tabular ; also twins.

H.-2-5; G. -6-26 to 6-44.

Fig. 389.

CI. basal, perfect ; slightly brittle.

Transparent or trouflncent ; resinous
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or idamantine, pearly on OP. Yellowish white, inclining to grey,

green, yellow, or brown. C.c. : 81-93 oiido of lend, 8'03 car-

bonic acid, 81'J sulj'hurio

acid, 1'8 water. Lead-

hUls, Taunton, Nertchiiisk,

Granada. Maxilt from Sar-

dinia.

307. StrsANNiTE, SfbC

+ l'bS'.

Rhombohedra! ; R 72'

29'. CI. basal, porrect.

H. -2-5; 0.-655. White,

;,TeeD, yellow, brownish.

Kcainoua to adQm.intine
;

nearly on the clearage

faces. Powder white.

C.c. : 72 '5 carbonate and
27 5 sulphate of lead.

From the Susanna mine at j.. jg^
^ jg^j ^ gg^ ^ gg;

LeadhUls, but very rare ; ' '
"^

'

alio in large dark crystals from the Banat.

ANHYDROUS SULPHATES.

808. Abcakite (Olascrite), %.^.

Right prismatic. Acute pyramids, with aP 120° 24'; dimorphous

and also rhombohedral, with R 88° 14'. Mostly in crusts, or pul-

verulent CL basal, imperfect. H. -2-5 to 3 ; G. =-2-7. Pellucid;

vitreous or resinous. Colourless or white. C.c. : 54 potash and 46

sulphuric acid. Lavas of Vesuvius and other volcanoes.

309. Mascaonine, (NH4)jS.

Right prismatic. ooP 121° 8' ; but chiefly in crusts and stalac-

tites. CI. perfect; scctile. H. -2 to 2-5
; G. = 17 to I'S. Pel-

lucid; vitreous. Colourless, white, or yellowish. Taste pungent
and bitter. .C.c. : 259 ammonia, 605 sulphuric acid, and 13'6

water. Near volcanoes, as Etna, Vesuvius, the Solfatara, the

Lipari Islands, in the marshes near Siena, and in ignited coal-beds,

as at Bradley in Staffordshire.

310. Thenardite, NajS.

Right prismatic. Acute pyramids P, with OP and osP, in crusts

and druses. CI. basal, perfect; fracture uneven. H. = 25; G. =
2-6 to 2-7. Pellucid; vitreous. White. C.c. : 4382 soda and
66'18 sulphuric acid. In salt deoosits near Aranjuez fSoaiD"! and
at Tarapaca (Peru).

311. Glauberite {Brongniartine), NajS + fca'S.

ObUque prismatic, C 68° 16'. OP, - P, or with ojP (P, /, M,
392). CI. basal, perfect; along ooP traces. H. =25
to 3; G. = 2-75 to 285. Translucent; vitreous to

resinous. Colourless. C.c. : 51 sulphate of soda,
and 49 sulphate of lime. Villarubia in Spain, Vic,
Berchtesgaaen, near Brugg in Aargau, Aussee and
Ischl in Austria ; Tarapaca in Peru, with 1 to 6
boracic acid.

812. Anhydrite (Karstenite), Ca'S.

Right prismatic. ooP 90° 4'. Chiefly granular, or almost com-
pact or columnar. Twins rare. CI. macrodiagonal and brachy-
diagonal, both perfect; basal perfect. H. -3 to 35 ; G. =2-8 to

3. Transparent or translucent ; vitreous ; on ooPoo pearly.
Colourless or white, but often blue, red, or grey ; streak greyish
white. C.c. : 58 75 sulphuric acid and 41-25 lime.
The crystalline, or Uuriacite, occurs in the salt-mines of Bex, Hall

in Tyrol, and Aussee in Styria, also at Sulz, Stassfurt, and Bleiberg.
Compact at Ischl in Austria, Berchtesgadcn, Eislcben, and the
Harz. Granular, or Vnlpinite, near Bergamo. The contorted, or
GekrossUin, chiefly at Wieliczka and Bochnia.

313. ^x«.^TY. (Heavy Spar), fiaS'.

Right prismatic. P» (g) 78° 20'; f oo if) 105° 22'; oof2 (d) 77°

44'
; also »fto (c) (figs. 125, 126, 127, but in a diflerent position,

d, d being placed vertical). The crystals show very many forms
and combinations, and are tabular or columnar, often in druses or
groups; also foliated, fibrous, grtnular, or compact. CI. biachy-

diagonal perfect, along foo less perfect ; basal, traces. H.-3
to 35 ; G. — 4'3 to 47. Transparent to translucent; vitreous
or resinous. Colourless and white, but generally reddish white
or flesh-red, yellow, grey, bluish, greenish, or brown. B. b!
decrepitates violentlj-, and fuses very difficultly, or only on the
edges, colouring the flame yellowish green ; not soluble in acids.
C.c. : 84 3 sulphuric ncid and 657 baryta, but occasionally
with 1 to 15 sulphate of strontia. Very common, chiefly in veins,
cither alone or accompanying ores. Crystals at Arr><n. Stroutian,
Elie, Sutherland ; Dufton, Bohemia, Felsbbanya aud Kremnitz in

Fig. 392.

granular, or compact.
I)crfect. H. =3to3-5
vitreous or resinous.

Fig. 393.

Hungary, Auvergne, and United States. Columnar at Freiberg.

The radiated from near Bologna, or the Bolognest Stone, phos-

phoresces in the dark. Massive, or Cawl; from Derbyshire and

Staffordshire, Leadhills, and Arran.

Lime Bnrytcs, from Derbyshire, Strontian, Freiberg, seems a

mixture with sulphate of lime ; crystals t.abular, in rosettes aaid

other groups; G. = 4 to 43. Mepalite, dark grey, from carbona-

ceous matter ; Koiigsbcrg. Allomorphite, scaly, white, and

pearly, near Rudolstadt, agrees essentially with barytes.

314. Bakyto-Celestin-e, 2SrS + i3aS'.

Radiated and foliated. Bluish white. Brittle and friable. H. =
2 -5 ; G. - 3 -92. Difficultly fusible. Lake Erie, Upper Canada, and

Biuuenthal.

315. Celestine, SrS.

Right prismatic ; forms like barytes and anglesito. Poo(o) 104*

8'; poo (jV) 75° 68'. Usual combinations Poo , Pco , ooPco ; or this

with »P2 (d) ; also columnar and foliated ; or fibrous, fine

CI. macrodiagon.il, perfect ; along Poo less

G. =3'9 to 4. Transparent or translucent

;

Colourless, but usually

bluish white to indigo-blue, and rarely reddish

or yellowish. B.B. decrepitates and fuses

easily to a milk-white globule ; colours the

flame carmine-red. Distinguished from barytes

by a splinter, after ignition in the inner flame,

on being mdistencd with h. acid, and held in

the blue border of the flame of a candle, colouring this of a lively

purple-red. Scarcely affected by acids. C.c. : 43-6 sulphuric acid

and 56"4 strontia, but often some baryta or lime. Tantallon

Castle, Calton Hill, Clachnaharry ; near Bristol and Knares-

borough ; sulphur-mines of Girgenti and other parts of Sicily,

Herrengrund in Hungary, Bex, Salzburg, Monte Viale near Verona,

and Meudon and Montmartre near Paris. Used for producing a red

light in pyrotechnic mixtures.

316. Anglesite, PbS.

Right prismatic. ooP 103° 43'; Poo 75° 35'. The crystals, of

many forms and combinations, are short prismatic, pyramidal,
or tabular. CI. prismatic along ooP, and
basal ; fracture conchoidal ; very brittle.

H. =3; G. =62 to 635. Transparent or

translucent ; adamantine or resinous.

Colourless and white, but occasionally yellow,
grey, brown, or blue

;

streak white. De-
crepitates in candle

;

B.I5. on charcoal

fuses in the oxygen /

flame to a milk-white
bead ; very difficultly

soluble in acids,

wholly in solution of „. „„, „. „„,
potash. Co.: 737 ^'S-39i. F.g. 395.

lead proto.xide and 26'3 sulphuric acid. Leadhills (fig. 397), St
Ives in Cornwall, Derbyshire,
Parys mine in Anglesea,

Zellerfeld, Klausthal, Baden-

Fig. 396. Fig. 397.

weiler, Siegen, Silesia, Linares, Phcenixville in Pennsylvania.

317. Lan.\rkite, PbS + Pb.
Oblique prismatic. ooP49°60'. CI. basal, perfect; sectile ; thin

lamiuEe flexible. H. =2 to 2-5; G. =6-3 to 67. Transparent;

Fig. 398.

resinous or adamantine ; on OP peariy. Greenish or yellowisl
white, mc ining to grey ; streak white. B.B. on charcoal fuses to
a wmte globule containing metallic lead

; partially soluble iu n.
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acid with effervesence. Cc: sulphate of lead 57'6, oxide of lead
4i4. Leadhllls; rare.

HYDROUS SULPHATES.

318. MlRABiLiTE (OTauier Salt), NajS + lOHj.

Oblique prismatic, C 72" 15'. CI. orthodiagonal ; fracture

conchoidal. H. = 15 to 2; G. -"I'ito 1'5. Pellucid and colour-

lesa. Cc. : 19'2 soda, 24 '8 sulphuric acid, and 56 water. As
an efflorescence in quarries, on old walls, or on the ground ; in

the waters of lakea and springs in Bussia and Egypt, and on
^'e3UTiua on lava.

319. Gtpsdm, CaS + 2Hj.

Oblique prismatic, 80° 67'. The most common forms are

|oiPlll°30'; P138''40'; -P143° 30'; and ooP'oo. Two common
combinations are ooP(/), coP'ao (j>), -P {I) (fig. 129), and this

with P. Lenticular crystals often occur ; hemitropes frequent (figs.

161, 150, 151); also granular, compact, fibrous, scaly, or pulverulent.

CI. clinodiagonal perfect, along P much less perfect ; sectile ; thin
plates flexible. H. = 1-6 to 2 (lowest on P) ; G. -.2-2 to 2-4.

Transparent or translucent ; vitreous, on cleavage pearly or silky.

Colourless, and snow-white, but often red, grey, yellow, brown, and
more rarely greenish or bluish. In the closed tube yields water.

U. B. becomes opaque and white; soluble in 400 to 500 parts of

water, scarcely more so in acids. Cc. : 46'5 sulphuiic acid, 32-6

lime, and 20 9 water..

Transparent crystals, or Sclenite, occur in the salt-mines of Bex
in Switzerland, of the Tyrol, Salzburg, and Bohemia, in the sulphur-
mines of Sicily, at Lockport in New York, in porphyry at Gourock,
in the clay of Shotover Hill near Oxford, at Chatley near Bath, and
many other locclities. Fibrous gypsum at Campsie, Matlock in

Derbyshire, and at Ilfeld in the Harz. Compact gypsum in whole
beds in many parts of England, Germany, France, and Italy, at

Volterra in Tuscany {Alabaster) often with rock-salt. The finer

qualities (or alabaster) are cut into various ornamental articles.

320. ZlESEBITE, MgS + llj.

Rhombic, but chiefly massive. G. •=2 52. Pellucid; greyish
white. Cc. : magnesia 29, sulphuric acid 58, water 13. In beds at

Stassfurt.

321. Epsomite {Epsom Salt), MgS + lU^

Right prismatic. P mostly hemihedric ; kP VCP &S'. oeP (.V),

«P» (o), P (0 (fig. 399).

brachydiagoual, perfect.

or earthy.

Ml M

Granular, fibrous

H.= 2 to 2-5
;

(i.= l'7o. Pellucid ; vitreous ; and white.

Taste bitter. Cc: 1GS2 magnesia, 32-.53

sulphuric acid, and 51'15 water. Efflores-

cence on various rocks, as at Hurlot near
Paisley, Idria. Montmartre, and Freiberg: on
the ground in Spain and the Russian steppes

;

in mineral waters, as at Epsom in Surrey,
Saidschitz and Seidlitz in Bohemia. Used in
medicine.

322. GosLAKiTE ( While Vilriol), ZnS
x7H2.
Right prismatic. aP, Stf" 42'; isomor-

•phous with epsomite. aP, ooPx , P (.V, o,

I) (fig. 399). Mostly granular or stalactitic; Fig- 399 (sp. 321).

Teniform and incrusting. CI. brachydiagonal, perfect. H.= 2 to
2-5; G.= 2 to 21. Pellucid ; vitreous. White, inclining to grey,
yellow, green, or red. Taste nauseous-astringent. Cc: 28-2 zinc

oxide. 27'9 sulphuric acid, and 4.3'9 water,

Holywell in Flintshire, Cornwall, Ram-
molsberg near Goslar in the Harz, Falun,
Fchemnitz. Used In dyeing and medicine,

323. MORENOSITE, >;iSx7H2.

Acicular, fibrous. and as an efflorescence.

II.= 2 to 2-25; G.= 2. Lustre vitreous.

Apple-green : streak white. Soluble. Mor-
vern in Argyllshire, Cape Ortegal (Spain),
Lake Huron, Pennsylvania.

324. Melasterite (Grffii Vilriol, Cop-

peras), FeSx7H2.
Oblique prismatic, C 75' 4.V. ocP (f)

8-y> 22';—P (P) 101' 34'; Pcoo (o) 67^ 30'

(fig. 400) ; chiefly stalactitic, reniform, or in Fig. iCO (sp. 024).

crusts. CI. basal, perfect :
prismatic less so. H.= 2; G.^I*8 tol'9.

Translucent, rarely transparent; vitreous. Leek or mountain-
green, often with a yellowish coating; streak white. Cc: 26 pro-
toxide of iron, 29 sulphuric acid, and 45 water. Hurlet near Pals-

ley, Bodenmais. Ranimelsberg, Falun, Schemuitz, Bilin. Used U>

dyeing, and in manufacturing ink, Prussian blue, and sulphuric
acid.

325. Smikite, MnjS + Hj.

Stalactitic aggregates. Rose to white. Felsbbanya (Hungary).

326. Mallardite, Mn'sV7H„.
Ciystalline foliated masses ; apparently oblique prismatic. Lncky

Bay mine ia Utah.

827. BiEBERiTE (CoJa« VUriol), CoS + Vilj.

Oblique prismatic
; usually stalactitic, or an efflorescence. Palo

rose-red. Cc. : 20 cobalt oxide, 4 magnesia, 29 sulphui-ic acid, and
47 water. Bieber near Hanau, and Leogang.

328. Alunooeke {Hair-Salt), iJjS + 18ftj

.

Capillary or acicular, in crusts or reniform masses. H. -"I'S to
2 ; G. — 1 6 to 1 7. Silky. White, inclining to green or yellow.
Cc. : 36 sulphuric acid, 15-4 alumina, 48-6 water. Volcanoes of
South America, in coal and lignite in Germany, and on old waUs

329. Aluminite
( Webstcritc), .AJjS + 9H .

Reniform, and very fine scaly, or fibrous. Fracture earthy

;

sectile or friable. H. = 1 ; G. = 1 7. Opaque ; dull or glimmering
;

snow-white or yellowish white. Cc. : 29-8 alumina, 23 2 etilphuric
acid, and 47 water. Newhaven in Sussex ; Epemay, Auteuil, and
Lunel Vicil in France ; Halle and Mori in Prussia. Felsibanyile,
from Hungary, in rhombic tubes, is similar, but has 10 per
cent, of water.

830. CoQUiMBiTE, !F'ej3S + 9H3

.

Hexagonal. P 58°. Crystals OP; with ooP and"?; lyjtially

granular. CI. ooP, imperfect. H. =2 to 2-5; Gr=2 to 21.
White, also brown, yellow, red, and blue. Cc. : 28-5 iron peroxide,
42 '6 sulphuric acid, and 28 '9 water. Copiapo in Chili, and Calams
in Bolivia.

331. CopiAPiTE, 2Fej5S + 13H3.

Six-sided tiblcs, but system uncertain ; also granular. Cl^per-
fect. Translucent; pearly. Yellow. Cc. : 34 iron peroxide, 42
sulphuric acid, and 24 water. Copiapo in Chili. Also radiated-
fibrous masses, dirty greenish yellow, incrusting the former,
with 32 sulphuric acid and 37 water. Both probably mixtures.

Fibrofer.-ite, also from Chili, and Yellovj Iron Ore, from the brown
coal at Kolosoruk in Bohemia and Modum in Norway, are both
reniform, or compact and earthy. H. =25 to 3 ; G. -2 7 to 29.
Colour ochre-yellow. Apalelite, reniform-earlhy, yellow, from
Auteuil near Paris, is similar; also Vitriol Ochre from Falun.
Misy, from Rammelsberg in the Harz, containing sulphates of iron,
copper, zinc, and other metals, is a product of decomposition.

332. PissoPHANE, (Al3F'e2)jS'-H5flj.-

Stalactitic ; fracture conchoidal; very easily frangible. H. =2;
G. =19to2. Transparent or translucent ; vitreous. Olive-green
to liver-brown ; streak greenish white to pale yellow. Cc. : 7 to 35
alumina, 10 to 40 iron peroxide, 12 sulphuric acid, and 41 water.
Saalfeld and Reichenbach in Saxony.

Carpfiosiderile, reniform, opaque, resinous, and straw-yellow, with
a greasy feel, is related. H. •= 4 5 ; G. —
2 '5. Consists of hydrous sulphate of
iron. Labrador. ,

333. Chalcanthite, Cu'S-t-SHj.

Anorthic. coP<»(n): ooPoo(j-) 79°'
19'. P' {P): o=F (T) 127° 40'. P : n
120° 50'. P : r 103° 27'. ooP' {T) :

oo'P {M^ 123° 10' (fig. 401). Generally

incrusting. CI.

T and M, im-
perfect. H. =
2'5 • G =2*2

pr±id?-^o^ Fig. 401 (sp. 333).

copper, 32 sulphuric acid, 36 water.

Cornwall, Wicklow, Hungary, Tyrol,

Falun, and on lava of Vesuvius.

334. Brochaktite, Cu'S-fSCuHj.

Right prismatic ooP 104° 32'; foo

152° 37' ; and ccfoo ; also reniform. CI.

brachydiagonal, perfect. H. — 3'5 to 4;
G. — 375 to 3 9. Transparent or trans-

lucent ; vitreous. EmeraM or blacki."!!

green; streak bright green. Cc. : 70
cojiper proto.\ide, 18 sulphuric acidFig. 402 (sp. 334).

and 12 water. Sandlodge (Unst), Roughton Gill in Cumber

16—16
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Fig. 403 (sp. 337).

land, Rezbtnja, Ekatsrinburg ; also Kruarig in Iceland
{Krisuvijitt).

835. Lanoite, (SiS + 30ull. + 2ft..

fiiRlit prismatic. osP 123* H'. CiTstals long-UbuIor, mostly

Ib twins. Also in fibro-laniellar and concretionary crusts, with

earthy surface. CI. Ki5,a1 and brachjdiagonal. H. — 25; G. — 35.
Titrcoaa. Greeniih blue. C.c: 65 1 copper protoxide, lOA sul-

phuric acid, and 18 5 water. Cornwall.

IVaiTingtonita is similar ; also Koniijine from Siberia.

S36. JoHA^-Km ^^Jran^ntriol).

Obliaue prismatic, C 85' M. ooP 69°. Crystals similar to

trona (S'o. 291, fig. 383), but minato; arranged in convctionary
and rcniform mnsacs. H. -2 to25 ; 0. — 319. Semitransparent

;

Titreoua. Soluble. Taste bitter. Bright grass-green. C.c.: oxides

of uranium 6772, oxide of copper 5 '99, sulphuric acid 20 02, water

S°59. Joachimsthal (Bohemia), 'Johann-Georgenstadt

887. BloDiTE (y<»/ni*aiii/«), (SIgSa.)S + 2ft,.

Oblique prismatic, 100° 43'. oc.P°2 112° 55'

(»), =oP°2(n), ooP°co (a), -P(p),P'oo
(i), OP (c) (fig. 403). In prismatic
erytlals, or ctHoresccnL H. -3'5;G.
— 2 2. Transparent. White or red.

C.c: 479 sulphuric acid, 85 sod.a, 12
magnesia, ana 215 water. Salt lakes

on the Vol^a near Astrakhan, Ischl,

Stassfurt, and near ^Icndoza in South
America.

Ji<u3sin> from Seidlitz is similar, but
a mixture.

S3S. LowElTE, 2(^838 + ilgSRSH,.
Pyramidal, but only compact. CI.

basal, distinct ; also octahedral, with
angUs 110° 44'and 105''2'. H.-2-5
to 3; 0.-2-376. Vitreous. Yellow-
ish white to flesh.red. C.c: 20 soda, 13 magnesia, 62 sulphuric
?Cid, and 15 water. IschL

339. Sykoenite, S^ + C:aS + fi,

.

Oblique jpjssmatic, C 76°. ooP 73° 65'. Crystals atVao (a),

»?•« (J), OP (c), ooP (p), ooP»2 (p"),

o=P»3 (f), 2Po2 (»'), P ((.'), 2P (c").

P«» (j)-P<>«, (r), poco (r'), 2P°oo (O,
-iP°« (-). CI. ooP, perfect; fracture
Mnchoidal H.-2-5;G. -2-25. Colour-
less to miflc-whito. C.c: lime 16-88,
potash 28 55, sulphuric acid 48 '45,
»ater 8 •47. Soluble in 400 parts of
water. In cavities in halite at Kalnsz
(Galicia).

840. POLTHALITE, 2(5aS'+]ifgS+ fii§

h2ft,.
Right prismatic osP II5* Mostly

fibrous. H. -8-5; 0.-27 to 2-8.

Translucent; resinous. Colourless, gene-
rally brick-red. C.c: sulphate of lime
45, of magnesia 20-6, of potash 29, water 6 '6.

Bcrchtcsgaden.

341. Alum, ftSw- ( A],"f'eJS> 24fl,

.

Cubic O, sometimes with ccOoo and Ooo. Generally efllorescent
In fibrous cnists. CL oct.ihedral ; ftactore conchoidaL H - 2 to
2-5;G.-l-75tol-fl. Translucent -White. Taste sweetish-astrin-

c!?'' ir^ •, , «^°'*'^ sulphurous fumes, (a) Potash Alum
KO-KjO; 33-7 Bulpliunc acid, 10-9 alumina, 9-9 potash and 45 5
water. In tlie coal formation at Hurlet and Campsie in Scotland •

the Tertiary brown coals of Hesso and the Rhine; tne Lias near
Whitby

;
Silurian alum slates of Scotland, Norway, and Sweden •

the volcanic foi-mations of the Li pari Islands, Sicily, and the Azores'
(J) Ammonia Alum: R0-(NH<0)5; about 4 per cent, oxide ofammonium and 48 water. In closed tube forms a sublimate of sul-
phate of ammonia. Tschermig in Bohemia. (c) Soda Alum-KG - NajO

; with 7 of soda and 4« water. Jlendoza in South
America, Solfatara near Naples, and Milo. (d) Mag-nesia AlumRO-MgO. Translucent and silky. South Africa, Iqui'quo in Peru
{Pickeryngite). {t) Iron Alum{Pealher Alum) : V.O-Yi^O. Ilurlot
near Paisley, Mbrsfeld in Bavaria, Krianvig in Iceland. (/) Man-
ganese Alum: RO - ilnO. From Dclagoa Bay in South Africa. An
alum with 3-7 oxide of zinc occurs at Fslsbbanya, and has been
termed DtetrichUe.

34Z VoLTAi-ra, 3(f'e, U.,jti-{-2(t'e^Kl^)S + \1\\^.

Cubic. ; ojOoo
; Ooo . Bkek, brown, or green, H. - 3 ; 0. -

F«. 404 (sp. 339).

Ischl, Aussce, and

Goslar in the Harz, and ».rem-

Fig. 405 (sp. 343).

Colour oclue-yeUow.

2-79. Solfatara near Naples,

nitz.

343. Alvnite, KJS + 3Ai:&"-h6rt..

Rhombohedral ; K 89° 10'. Crj stals R and OR (fig. 405) ;
also

earthy. Cl. basal H.- 3 5 to 4;

G. - 2 to 2 -8. Translucent ; vitre-

ous, pearly on 0. Colourless, but

often stained. Hungary, Tolfa

(near Qvita Vecchia), Lipari

Islands, \uvcrgne, and Milo.

344. JabosITE, £jS+'Fej3S +

2(Fe53(l,).

Rhombohedral ; R 8S° 68'. Cl.

basal ; also fibrous in nodules or

incrusting. H. -2-5 to SS; G.-3-24.
Spain, Sa.^ony, and Mexico.

315. Gelbeisenerz, KjS + 4"FeJS'+9ft2.

Foliated and massive. H. -2-5 to 3 ; G. =2-7 to 2-9. BohemiM,

Norway, and Tchelekcn Island in the Caspian Sea.

346. TTeusite, Fe.;.S + 2jra„3S + 8ftj.

Tcholeken Island in-the Caspian.

347; BoTRl-OGEyE (7t<-d VUrioC), FejSj + 3(Fej2S)+ 36H2

.

Oblique prismatic, C 62° 26'. ooP119° 56'. Commonly botrj-

oidal. H. -2 to 2-5 ; G. -2. Translucent; vitreous. Hyacinth-

red and orange-yellow. Falun in Sweden.

348. HEKREXaKUSDITE.
Oblique prismatic, 88° 50'. Dark emerald-green crystals.

H. =2-5; 0. =313. C.c: 57 22 oxide of copper, 23 04 sulphuric

oxide, 19-44 water, sometimes with lime. Heirengi-und (Hungary).

349. LiNAWTB, (PbS + H2Pb) + (Cu'S + l!,Cu)

Oblique prismatic, C 77° 22'. ooP (M) 61° 41' ; 2P''a. (u) 52° 31'.

Crystals coP'oo (a), OP (c), and the above forms generally. Hemi-

tropes united by o;P°oo (o). Cl. orthodiagonal, perfect ; fracture

[w
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TELLURATES AND CHROMATES.
|

853. MoNTANiTE, 'i5L,Te + 2H2.
Incnisting, earthy. Lustre waxy. Yellowish. Opaque. Co.

bismuth 66 '8, tellurium 26 '8, water 5 '9. Highland in Montana.

354. Maonolite, flgTe.

White acicalar crystals from Keystone mine in Colorado.

855. Crocoisite, tb'Cr.

ObUque prismatic, C 77" 27'. odP 93° 42" {if), - P 119° 12' (0,
o>P«2 (/) 56° 10', ooP'oo (g), (fig. 409).

CI. 00 P, distinct ; sectile. H. = 2-5to
8 ; G. -5-9 to 6 1. Translucent ; ada-
mantine. Hyacinth- or aurora-red

;

streak orange-yellow. C.c: 31 chromic
ncid, and 69 lead protoxide. Berezoff,

Mursinsk, and Nijni-Tagilsfc in the
Urals, Congonhas do Campo in Brazil,

Bezbanya, Moldawa, and Tarnowitz.
Used as a pigment, but not permanent.

356. PHa;NIC0-CHR0ITE,2f'bCr-^Pb.

Right prismatic ; dimensions un-
known. H. -3 to 3-5; 0.-575.
Translucent on the edges ; resinous

or sdamantine. Cochineal- to hya- Fig. 409 (sp. 355).

ciuth-red; streak brick-red. ~

oxide of lead. Berezoff.

C.c. : 23 chromic acid, and 77 prot-

oP2(r)(iigs.

357. Vauqcelinite, 2(2PbCr + f'b}-f (2CuCr-^Cu).

Obliaue prismatic, C 67° 15'. Crystals OP, - P, - P»oo (or P,

f,
k), always twinned (fig. 410), the faces of OP

forming an angle of 134° 30'; also botryoidal or (,i

reniform. H. =25 to 3; G. — 5-5to 5 "8. Semi- U/TTl^i—"^^
translucent or opaque; resinous. Blackish or —^- Z.^
lUrk olive-green; streai siskin-green. C.c: 61

J'lg. siu.

lead protoxide, 11 copper protoxide, 28 chromic acid. Leadhills,
Berezoff, Congonhas do Campo (Brazil).

MOLYBDATES AND TUTTGSTATES.

358. WuLrEKiTE, Pbiio

.

Pyramidal. P 131° 48'. 0P(o), |P (6), P, ocPfm),
411-414). CI. P; brittle;

fiacture uneven, or con-

clioidal. H. = 3; G. =6-3
to 6 9. Pellucid; resinous

to adamantine. Orange-
yollow, honey-yellow, and
colourless. C.c: protoxide
of lead 61 '5, molybdic acid

83'6; red varieties have
some chromic acid. Lack-
entyre in Kirkcudbright
(fig. •il2), Bleiberg, Rez-
banya, Pennsylvania, Za-
catecas. 2PbOMo03 +
CaOMoOj, with 6-88 of

lime, occurs in Chili.

Fig. 414 (sp. 358).Fig. 413 (sp. 358).

359. EosiTB.

Pyramidal. OP (c) : / 117° 10' p' : p 125° 40' (fig. 415). H. - 3

to 4. Colour deep aurora-red. Streak orange- c

yellow. A vanadio-molybdate of lead. Lead-

hUls. ,

360. Megaeasite, Jlgj^j.

Oblique prismatic; similar to wolframite.

Ill fine needles. H. =35 to 4 ; G.-6-45 to

6 97. Vitreous to adamantine. Yellowish

brown to brownish red, translucent hyacinth-

red ; streak ochre-yellow. C. c. : protoxide

of manganese 231, protoxide of iron 5'4,

tungstic acid 71 "5. Schlaggenwald, Sadis

dorf, Morococha in Peru.

361. SCHEELITE, CaW.
Pyrataidal; with many of the modifying planes hemihedric. P.

113° 32'. CI. 2Poo (») 130° 33', perfect; Pand OP less so. Frac-

ture conchoidal. H. =4 to 4 5; G. = 5-9 to 6-2. Translucent;

resinous to adamantine. Colourless, and grey, yellow, or brown

;

streak white. C.c. : 19 4 lime, 80 '6 tungstic acid. Caldbeckfell near

Fig. 415 (sp. 359).

Keswick, Pengelly in Cornwall, Zinuwald, Schlaggenwald, Salz-

burg, Chili, Si-

beria, Connecti-
cut. Employed
for the extrac-

tion of yellow
tungstic acid, a
fine pigment.

362. Stolz-

ITE, PbW. Fig. 416 (sp. 361).

Pyramidal, generally hemihedric. P.

131° 25'. Crystals sometimes spindle-

shaped. CL P, imperfect. H. -=3;G. =
7 '9 to 8 '1. Translucent ; resinous. Grey,
yellow, brown. C.c: 48 "4 protoxide of

lead, 51 "6 tungstic acid. Kesarick, Zinr
wald, Coquimbo (Brazil).

363. Eeinite, FeW. ng. 417 (sp. 331).

Pyramidal. P 103° 32'; basal angle 122° 8'. CI. ooP. H. -4;
G. — 6-64. C.c: protoxide of iron 23 '4, tungstic acid 76 '45.

Eimbosan in Japan.

864. "Wolframite, (Fe, IJn) W.
Oblique prismatic, C 89° 22'. ooP {M) 100° 37',

61° 54', P«oo (t() 98° 6', ooPoo (r),

i2P'2(s). Twins common. Also laminar.

CI. clinodiagonal, perfect ; fracture un-

even. H. =5 to 5-5; G. = 71 to 7-5.

Opaque ; resinous, metallic, adamantine
on the cleavage. Brownish black

;

streak black (varieties with most iron) to

reddish brown (most manganese). C.c:
76 tungstic acid, 9 '5 to 20 protoxide of

iron, and 4 to 15 protoxide of manganese,
in some with I'l niobic acid. East
Pool, Cambrae, aiid mines near Redruth;
Godolphin's Ball in Cumberland ; Alten-

berg, Gcyer, Ehrenfriedersdorf, Schlag-

genwald, Zinnwald, the Harz ; also

Urals, Ceylon, and North America.
Ferberite, with 26 protoxide of iron

and2FeW-hFe (H,

different.

a.P»2 (fr), -P (a)

Fig. 418.

4 to 4 -5 ; G. = 6 7 to 6 'S), from Spain, may bo

middle angle
;

polar angle 124° 30*.

OoPoO . CI. 00 P.

365. HuBNEBiTE, Mn\V.

Right prismatic ooP (J/). jV/:iIfl05°. CI. oo Poo, perfect ;

usually foliated or columnar. H. =4-5; G. = 7'14. Adamantine on
cleavage ; elsewhere greasy. Brown-red ; streak yellow-brown.

C.c: protoxide of manganese 2S'4, tungstic acid 76'6. Mammoth
district in Nevada.

Vr ANHYDROUS PHOSPHATES, ARSENIATES, AND
VANADIATES.

366. Xenotimb, Ya'f'".

Pyramidal P 82° 22'

Crystals P; ooP

H. = 4-5; G. =4-6 to 4-55. Translucent

in thin splinters ; resinous. Yellowish

and flesh-red. C.c: 62 yttria, and 38
phosphoric acid ; but some with 8 to 11

cerium protoxide. Lindesnaes and Hit-

tero in Norway, Ytterby (Sweden),

Georgia, and ( Wiserint) St Gotthard.

367. Cktptolite, CeJ^^.

Acicular crystals, embedded in apatite.

G. = 4-6. Transparent. Pale wine-yellow. Powder sol. in con.

e. acid. Wbhler found 73 70 cerium protoxide, 27 "37 phosphoric

acid, and 151 iron protoxide. Occurs in

the apatites of granite in Scotl.ind, but not

in those of limestones. Also at Arendal.

368. MONAZITE, (Ce, La, 'rh)3J'2.

ObUque prismatic, C 76° 14'. ooP 93°

23' ; crystals (fig. 420) generally thick or

tabular. CL basal, perfect ; translucent on
edges. Flesh-red and reddish brown. C.c:
28 phosphoric acid, 37 to 46 cerium prot-

oxide, 24 to 27 lanthanum oxide; that from

Zlatoust from 18 to 32-5 of thoria. Nbtero

in Norway, Miask, Norwich in Connecticut, and the Rio Chico in

Colombia. Turnerite, from Danphine, in complex transparent

honey-yellow crystals, is monazite.

Fig. 419 (sp.

Fig. 420 (sp. 368).
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;«9. Teiphtlite, (2f6 + Li,)f,.

Kight prumatic o> P 1 33* ; chicay granular. H. - 6 ; G. - 3 6.

Rcsinoaa. Greenish grey with blue spot*. C. c. : iron protoxide 40,

oinganese protoxide 5 i, lithia 7 -5, nhosphorio acid 45. Boden-

maij in Bavaria, Norwich in Massacnusetts. LithiophiliU, from

Fairfield (Connecticut), is a mmganeaian triphylite."

870. Br.RZELiiTE (JTuAniV.'), (OaMg)jA's,

UaasiTe. H. -5 to 6 ; G -2'52. Co.: lime 23, Diagnesiii \b,

nenic acid 60. SoL in n. acid. L&ngban (Sweden)

t71. AuzstATz OF Nickel, ifijis,

AinorpUous U. -4 ; G. -4 98. Sulphur-youow. C.c: oxide of

ickel «6'2, anmnic acid 50 6. Johann-Georgenstadt.

372. NicSELEEZ, Si,'A]5, + 21^i.

Ciyatalline massive. G. — 4 84. ]JarK grass-green ; streak lighter.

C.c: oxide of nickel C2'l, arsenic acid 36 '6. Johann-Georgenstadt.

373. Dechenite, (Pb;in)V,.

Botryoidal and stalactitic H. -3 to 4; G -5'82. Lustre
resinous to greasy. Yellowish red, deep red ; streak orange to pale

yellow. C.c: 67 7 oxide of lead, 15 "8 oxide of zinc, 24 2 of vanadic

acid. Wanlockhead, Freiburg (in Baden), Lauter Vallev.

374. Psittaoinite, 3(Pb3Vj) + (Ihi,V',-f6CHfl,.

Mammillated and incrusting. Siskin- to olive-green. C.c.:

Tanadic acid 19'3, lead oxide 53'2, copper oxide 18 '95. water 8'68.

Silver Star (Montana).

375. PucnBRiTE, Bi,V,

.

Right prismatic ojP123°65'. H.-4; G.-6-25. CI. basal, per-

lect; vitreoua Red or reddish brown ; streak yellow. Easily soluble

in acids. C.c: bismuth oxide 717. vanadic acid 28°S. Schneeberg.

376. Atopite, CajSb,.
Cubic (6g3. 30 with 26 and 33). H. -5-5 to 6; G. -5. Lustre

greasy; yellow to resin-brown. Translucent C.c: antimonic acid

73 2, lime 17 5, iron protoxide 2 7, magnesia 1'5, soda 4 3. Ling-
ban (Wermland).'

HYDROUS PHOSPHATES. &c.

877. Brubhite, (}(!:a-l-JHj),'i'j-l-4ft,

Oblique prismatic, C 62° 45'. Needle crystals. H. =2to 2 5;
G. -221. Vitreous. C.c: lime 326, phosphoric acid 41 3, water
26 '4. Aves Islands and Sombrero (Antilles).

378. Neweeetite, MgjH,, tj-t-Sfl,

.

Right prismatic. CI. brachydiagonal. Co.: phosphoricacm 41-25,

magnesia 23, water 35 7. From guano, Skipton Caves, Victoria.

379. Haidinoekite. Ca,'As, -f sH, .

Right prismatic ooP 100°. CI. prfect; sectile, flexible.

H. -2 to 2-6
; G. -2-8 to 2-9. Otherwise like pharmacolite (sn.

881). C.c: 85'68ar8eniote of lime.and 1432 water. .Toachimsthal

380. RosELiTE, 83X33 + 2Hj.

Anorthic. CI. macrodiagonal. Rose-red ; streak white. H. —
3-5; G. -3-46. C.c: 25 5 lime, 103 cobalt oxide. 36 maencsia,
52 4 arsenic acid, 8 2 water. Schneeberg.

381. Pharmacolite, 2CaA.33-f OH,.

Oblique prismatic, C 65" 4' (fig. 421).

139' 17', -iP (n) 141° 8', {Voa (0)

83* 14', ooP°3 (g) 157° 6'. Crystals

generally acicolar and radiated. CI.

clinodiagonal, perfect ; sectile and
flexible.- H. -2 to 25; 0.-2-6 to

S'8. Translucent; vitreous. Pearly

white. Yields water in the closed

(ube. C.c: arsenic acid 61, lime 25,

water 24. Andreasberg, Biebcr, Mar-

• ^<^J^
Fig. 424.

«>P (/) 117

Fig. 421

kirchen, Wittichen. Generally mixed with erythrito or annabergite.

382. 'WAPPLERirE, 2daAs-H8fi[,.

Anorthic; 00 P* (m), ooT (il/), <x,^'j

(n), oo'P.2(JV), .f-. (rf), 'P,co (D),

S^f'oo (0, 3'f,<» (T), 21^2 (p), 3P»}(!7).

B'>| (O), 4T>4 (»), 2,P2 (-), oof 00 (b)

(Bg. 422); also incrusting and globular.

CL clinodiagonal. H. - 2 to 2 6 ; G. -
2-48. Colourless. Vitreous. C.c:
time 15 6, magnesia 7 '4, arsenic acid

17 6, water 29 '6. Joachimsthal.

883. HORNESITE, ttg,A3,-l-8&,

Oblique prismatic. <xP 107*. H.
-5tol; G -2-47. White. Translucent; pearly. C.c: 24-3

magnesia, 2D 14 water, 46 '66 arsenic acid. Probably from Hungary.

Fig. 422 (sp. 382)

384. ViviANiTE, 3FeTf3-h8Ha.

Oblique prismatic, C 75° 34'. ooP (m) 108' 2'
; P (») 120' 28',

P»oo (w) 54° 40'. Crj-stals prismatic (figs. 423, 424) ;_
also fibrooa

or earthy. CI. clino-

diagonal, perfect ; thin

lamina! flexible. H. — 2;

G. -2'6 to 2 '7. Trans-

lucent or transparent

;

vitreous, or bright pearly

on cleavage. Indigo-

blue to blackish green;

streak bluish whit*, but

soon becomes blue on
exposure. C.c: 33 1

iron protoxide, 12 '2 iron

peroxide, 29 phosphoric

acid, and 25 '7 water.

Transparent indigo-

coloured crystals at St

Agnes in Cornwall, and *«- *"•

AUentown and Imleytown in New Jersey ; earthy in Cornwall,

Styria, North America, Greenland, and New Zealand ;
and in peat

mosses in northern Germany, Sweden. Norway, and Shetland

385. Symplesite, FejAsj-fSHj.

Oblique prismatic ; in minute acicular crystals. 01. clino-

diagonal. H. -2-5; G. =2-96. Vitreous. Cleavage face pearly.

Celadon-green to pale indigo ; streak bluish white. Lobenstein

in Reuss, and Lolling in Carinthia.

386. Ertthrite, CoJA&;-^8H2.

Oblique prismatic, C 55° 9'. ooP«oo (P), ooP°oo (7"), Poo (tl)

;

also ooP3 (i), and P (I) 118° 23' (fig. 425).

CI. clinodiagonal (P), perfect ; sectile ; thin

laminae flexible H. = 1 '5 to 2 '5; G. = 2'9

to 3. Translucent ; vitreous, pearly on the

cleavagev Crimson or peachblosscm-red. C. c.

:

38 '2 arsenic acid, 37 '8 cobalt protoxide, 24

water, but often with nickel 9. Cornwall,

Alston in Cumberland, Alva in Stirlingshire,

Schneeberg, Saalfeld, Allemont, Riech^sdorf,
tlie Pyrenees, and Modum in Norway.
Kolaltbeschlag or Earthy Incrusting Cobalt,

reniform, is a mixture of erythrine with arseni-

ous acid. Lavcndulan, thin reniform lavender-

blue crusts, translucent, resinous, or. vitreous

(H. -2'5 to 3; G. =2'95 to 31), consisting of

arsenic acid, protoxides of cobalt, nickel, and copper, with water

:

from Annaberg.

387. KoTTiGiTE, (Zn, Co, Ni)3As3 + 8ll2.

Oblique prismatic ; massive or in crusts, with crystalline surfaoa
and fibrous structure. CI. clinodiagonal, perfect. H. — 2-6 to 3 ;

G. =3 1. Lustre of fracture silky. Colour light carmine and peach-
blossom-red, of diff'erent shades ; streak reddish white. Translucent
to subtranslucent. C.c: 30 '52 zinc oxide, 6 '91 cobalt oxide, 2
uickcl oxide, with arsenic acid. Schneeberg.'

388. Annaberoite (iVici«Z OcArc), NijAs-l-SHj,

Oblique prismatic ; in capillary crystals, also earthy ; sectile.

H. = 2to 2-6; G =3 to 3'!. Dull or glistening. Apple-green or

greenish white; streak greenish white and shining. Co.: 38-7

arsenic acid, 37-3 nickel protoxide, and 24 water, but with a little

cobalt or iron. Leadhills, Pibble in Kirkcudbright, Andreasberg,
Saalfeld, Riechclsdorf.

389. Ludlamitb, f'e72Pj + 9H3.
Oblique prismatic, C 79° 27'. ooP 131° 23' ; OP ; P 111° 29'

(fig. 426). CI. OP, perfect.

H.-3-5; G.-312. C.c:
53 05 oxide of iron, 29 88
phosphoric acid, 17-0 water.

Cornwall.

390. FiLLOWITE, 3(li3iE>,)-Hl3,

Oblique prismatic, C 89° 61'; ^'6- ^26 (sp. 389).

pseudo-rhombohedial. P;-2P8; OP. CI. basal. H. -45; G.
— 3-43. Resinous to greasy. Wax-yellow to red-brown, or
colourless; streak white; translucent. C.c: phosphoric acid 40-2,
iron protoxide 6-8, manganese protoxide 40-2. lime 5-2, soda 5-8,
water 1 7. Branchville (Connecticut).

891. Hdreaulite, 5(Mn, Fe)2J',-f6&,.
Oblique prismatic, C 89° 27'. ooP 61°. Fracture concnoidal.

H. -3-5; G. -3-2. Translucent; resinous. Reddish yellower
OTOvru. B.B. fuses easily to a black metallic globule. Soluble in
acids. C.c. : 39 phosphoric acid, 8 iron protoxide, 42 manganese
protoxide, and 12 water. Hureaux near Limoges.

I
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ffeUrozite. H. -6; G. -S'5. Opaqne ; vitreous or resinous.

Dark violet or blue to greenish grey ; streak violet-blue or crim-

ion-red. Contains more iron and lees manganese than the above.

Hureaux.

892. DiOKINSONITE, 4(ft3p'3) + 3H2.

Oblique prismatic, C 60° 30'. Crystals tabular. CI. basal, per-

fect. H -3 '5 to 4; G. =3'34. Vitreous; pearly on cleavage.

Olive- to oil-green, and grass-green; streak white. Transparent;

brittle. O.c. : phosphoric acid lO, iron protoxide 12'7, manganese

protoxide 25, lime 11 '8, soda 6-6, water 3 '8. Branchville (Con-

necticut).

893. TEiPtoroiTE, (Mn, Fe)3P2-t-H„(l}n, Fe)j.

Oblique prismatic, C 51° 56'. Generally fibrous ; transparent
;

resinous to adamantine. H. = 4 -5 to 5; G. —3-7. Yellowish-brown.

O.C.: 48'45 oxido of manganese, 14'88 protoxide of iron, 32"1 phos-

phoric acid, 41 water. Fairfield (Connecticut).

394. Faiefieldite, RjPj + 2i{._

Anorthic; usually foliaceous. H. = 3-5; G. =3-16. White to

icraw-yellow ; streak white. Pearly to brilliant-adamantine on

deavai'e. Transparent; brittle. C.c. : phosphoric acid 38 '4, iron

protoxide 6'6, manganese protoxide 15 '6. lime 30. soda 7, water

10. Fairfield (Connecticut).

895; Chokdrarsenite, Mn5'AaJ-^S^H3.

In small grains. H. = 3. Yellow to reddish-yellow. 'ITans-

lucent : brittle ; fracture conchoidaL Paisberg mines (Wenn-
land).

896. Reddingite, liln3*^-j-3Hji,

Eight prismatic. P ; P2 ; ooPoo. H.-3 to 3'6; G.-3-1.
Vitreous; rose-pink to yellowish white. Translucent; fracture

uneven; brittle. C.c.: phosphoric acid 34 '5, iron protoxide 5 '43,

•nanganese protoxide 46 3, lime '8. water 13 '1. Branchville.

897. ScoRODiTE, iF'eJA33-^4H3.

Eight prismatic. P with polar edges 102° 52' and 114° 40'.

Crystals P (p), ooPto (o), and a>Pa> (6) ; also OP, ^P (i), ooP (ji),

2P2 («), 00P2 (,d) 120° 10', and 2P=o (jij)

132''(fig. 427); also columnar and fibrous.

CI. imperfect; brittle. H. =3'5 to 4;
G. =3'1 to 3 '2. Translucent ; vitreous.

Leek-green to greenish black, also indigo-

blue, red, and brown. B. B. fuses easily,

with arsenical odour, to a grey magnetic
slag. Sol. in h. acid, to a brown solution.

C. c : 49 '8 arsenic acid, 34 '6 iron peroxide,

and 15-6 water. St Austell in Cornwall,

near Limoges in France, Schwarzenberg,
Lolling in Carinthia, Brazil, and Siberia;

398. Strengite, Fej^j-l-4Hj.

Right prismatic. P with polar edges
101° 38' and ^
115° 36', mid-

—
die edge 111"

30'. oo?2 {d)

and ooPoo (r),

P {P). OP (A).

2Poo (m) 48°

(fig. 428). Cry-

stals generally

r, P, d; r do-

minant. VI r. H. - 3 to 4 ; G. -.2-87.

Cherry-red. Translacent. C.c: prot-

HKide of iron 4318, phosphoric acid

17-42, water 19-4. Rock Bridge (Yir-

•inia).

399. Ddfrenite {Krauriie), 2Fe2P2-l-3H3

.

Right prismatic. ooP about 123°. Sphericafor reniform. Ct
orachydiagonal ; brittle. H. =3 to 3-5

; G. =3 '3 to 3-4 Trans-
lucent on the edges, or opaque ; shining or dull. Dirty leek-green

or blackish green; streak siskin-green. C.c: 63 iron peroxide,

K8 phosphoric acid, and 9 water. Westerwald, Hirschberg, and
LimogesL

_ 400 Beraunite, 5Fe33P'j-H4H3.

Occurs in small foliated and columnar aggregates. Ci. plane
metallic pearly. H. =2; G. — 2878. . Colour hyacinth-red to

reddish brown ; streak dirty-yellow. C.c. : 54 '5 peroxide of iron,

28 65 phosphoric acid, and 16-55 water. Bohemia. Scheibenberg
in Saxonv-

Fig. 427 (sp. 397).

Fig. J28 (sp. 398).

401. Eleonorite, 3FeJ2PJ^8II,

Oblique prismatic, C 48° 33'. Twin face the orthopinacoid

CI. o5P°oo. H. -3 to 4. Dark hyacinth-red ; streak yellow.

Vitreous to pearly. C. c : 51 94 peroxide c f iron, 31 88 phosphorit

acid, 16 37 water. Eleonore mine near Bieber.

402. Cacoxene, 2Fe2^3-H2ft3.

Radiated tufts, of a brownish-yellow colour. H. =3 to 4;
G. =3 '38. Sol. in h. acid. From the Hrbeck mine near Zbirow in

Bohemia.

403. Pharmacosideeite {Cube Ore), 4Fe33As3 + ]5H,

.

Cubic and tetrahedral ; usually ooOco , with — , or ooO. Brittle.
2

H. =25; G. =29 to 3. CI. ooO«>. Semitransparent to translu-

cent ; adamantine or resinous. Olive- to emerald-green, honey-
yellow, and brown ; streak straw-yellow. Pyro-electric. C.c. : 43
arsenic acid, 40 iron peroxide, and 17 water. Carharrack in Corn-
wall, Burdle Gill in Cumberland, Lobenstein in Reuss, Schwarzen-
berg in Saxony, North America, and the geld quartz of Australia.

404. Calaite {Turquoise), 2(A'l2)'p2 -f Sftj

Massive, reniform, or stalactitic ; fracture conchoidal. H. = U
G. =• 2 6 to 2 '8. Opaque or translucent on the edges ; dull or waxy
Sky-blue, greenish blue, rarely green ; streak greenish whita
C.c. : 47 alumina, 32'5 phosphoric acid, and 20'5 water, but mixed
with phosphate of iron and copper. Silesia, Lusatia, and Reuss.
Oriental turquoise, in veins, at Meshed, near Herat ; in pebbles in

Khorasan, Bokhara, and Syrian desert. Takes a fine polish, and
is valued as an ornamental stone, but is destroyed by oil, and
deteriorated by soap.

405. Wavellite (Z(mo)«fe),3Alj2?3 + 12Hj

Right prismatic. aP 126° 25 ; Pco 106° 46'. Crystals ooP*

(P), ooP {d), Poo (o) (fig. 429) ; but generally small, acicular, and
in radiated-hemispherical and stellate-fibrous masses. CL along

ooP and poo
,
perfect. H. = 3 5 to 4 ; G. - 2 3 to 2 5. Translucent

;

vitreous. Colourless, but generally yellowish or greyish,

sometimes green or blue. C.c: 38 alumina, 35 '3 phos-

phoric acid, and 267 water; but generally traces of

fluoric acid (2 per cent.). Shiant Islands and Glencoe

in Scotland, Barnstaple, Rt Austell, njar Clonmel and

PortrushJ Beraun in Bohemia, Amberg in Bavaria ; also

in New Hampshire and Tennessee. " Cceruleolactin, from

Nassau, has two equivalents less of water.

406. Variscite, AlJp2-^4H,

Right prismatic ; reniform ; conchoidal fracture. H. — 4 to 6 ;

G. = 234 to 2'38. Apple- and emerald-green ; streak white. C.c.i

32-4 alumina, 44-85 phosphoric acid, 2274 water, llessbach in

Reuss, Montgomery county in Arkansas.

Zepharovichite from Bohemia contains one equivalent morn water:

Evansite from Hungary two equivalents more.

407. FiSCHERITE, 2AI2P2 + 8H2

Right pri.smatic. ojP 118° 32'; generally in crystalline crusts,

H. -=5 ; G. — 2 46. Grass- and olive-green. Vitreous lustre. C.c:
alumina 42, phosphoric acid 29, water 29. Nijni-Tagilsk.

408. Peganite, 2k\^t + 6^j
Right prismatic. ooP 127°. In thin reniform crusts, of fibrous

structure. H. =^3 to 4; G. =2'49 to 2-54. Grass- and emerald-

green. Vitreous or greasy lustre. C.c. : alumina 45. nhospiutth)

acid 31 •%, water 23 7. Striegis in Saxony.

409. HoPElTE, Zn3p-f4H2

Right prismatic. t»P2 82° iV\V with polar edges 106* 36' and
140°. CL macrodiagonal, perfect H.-2-5 to3 ; G. -276to 285.

Vitreous or pearly. Greyish white. C.c. : oxide of zinc 35'21,

phosphoric acid 31'1, water 15-8. Altenberg

410. Adamite, 42;nAs2-fH3.

Right prismatic coP 91° 52'. CI. macrodomic. H.-3-5:
G. -4'34. Lustre vitreous. Colour honey-

yellow to violet ; streak white. Trans-

parent. C.c: oxide of zinc 56 '6, arsenic

acid 40'2, water 3-2. Cape Garonnn in

France, Chaiiarcillo in ChilL

411. Libethenite 4CuPj-f 6Hj.

Right prismatic. <»P (u) 92° 20'. P«
(0) 109° 52', and P (fig. 430). H.-4;
G. -36 to 38. Translucent on the edges;

resinous. Leek-, olive-, or blackish-green;

streak olive-green. C.c. : 66 copper prot _
oxide, 30 phosphoric acid, and 4 walft F'E- 430(8p. 41I>

Gunnislake (Devon), Libethen (Hungary. Nijm-TagiUk,

Fig. 429.
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412. OurisiTB, 4Cu (As,1r'',) + ri,.

Right prismatic. a,(P) (r) 92' SO', P« (Z) 110' 60', oopco (n)

(fig. 431); also spherical uid rcnifonn, and

columiuu or fibrous. CL (r) imd (/), im-

perfect H. -3;G. -4-lto4-a. Pellucid

in all dcRTees ; vitreous, resinous, or silky.

fjeek; olive-, or blackish-green, also yellow

or brown ; streak olive-green or brown.

B.B. in the forceps fuses easily to a dark

brown adamantine bead, covered with

radiating crystals ; on charcoal detonates,

emits arsenical vapours, and is reduced.

SoL in acids and ammonia. C.c. : 66 S

copper protoxide, 39 '5 arsenic acid, and 4

water ; out also I to 6 phosphoric acid.

Carharrack, Tin Croft, Gwennap, and Si

Day in Cornwall ; Alston Moor, Thurinj^a,

Tyrol, Siberia, Chili.

413. Veszeltite, 96u, 6in, ¥„ ASj + lSS,.

Oblique prismatic, C 103° 50'. H. - 3 5 to 4 ; G. - S-63. Green-

ish bine. C.c: copper 37-34, 25-20 zinc oxide, 10-41 arsenio acid,

9"01 phosphoric acid, 17-05 -nrater. Moravicza (Banat).

414. Descloizite, 2tbV', + ll,.

Eight prismatic. coP U6' 26'. H.-S-5; G. -5-86 vo 61.

OUre-brown to black. C. c. : 66 -48 oxide of lead, 16 -6 oxide of zinc,

I "16 oxide of manganese, 22 74 vanadio acid. Sierra de Cordoba

D the Ai;gentiue Uepublic.

415. VOLBORTHITE, 4(Cu, Ca) Vj-fftj.

Hexagonal ; small tabular crystals, OP , ooP, single or in groups.

3eneralTy massive. H. - 3 ; G. - 3 -46 to 3 SO. Olive-green
;

streak tdmost yellow. B.B. on charcoal fuses easily and forms a

giaphite-lika slag, containing grains of copper. Sol. inn. acid, and
witn water gives a brick-red precipitate. C.c. : 37 to 38 vanadic

acid, 39-4 to 45 copper oxide, 18 5 to 13 lime, 3 6 to 5 water.

Sissersk (Urals), Nijni-Tagilsk, and Friedrichroda in Thuringia.

416. Taoiutb, 4(!hi^", + 3lij.

Oblique prismatic ; but botryoidal and radiating-fibrous, or
earthy. II/-S;G. — 4. Emerald-green. C.c : 61-8 copper prot-
oinde, 27 -/phosphoric add, and 10-6 water. Nijni-Tagilsk, and
Dear Hirschberg.

417. Epchboite, 4(5aAs, + 7llj.

Right prismatic. ooP (.V) 117° 20', ]^co(n) 80° 52', with ooP2
(0 and OP (/>) (fig. 432). Brittle. H. -35
to 4 ; G. - 3 -35 to 3 45. Translucent ; vitre-

ous. Emerald- or leek-green ; streak ver-

digris-green. B.B. in forceps fuses to a
greenish brown crystallized mass. Easily
sol. in n. acid. C.c. : 47 copper protoxide,
81 arsenic acid, and 19 water. Libethen in
H ungary.

418. Erinite, 5(5uAa,-f2ft,.

Reniform and foliated; conchoidal fracture. _, ,„, , ,,.,
H. -4-5 to 6 ; G. -4 to 4-1 Translucent on "«• "- ('P- ^^^)-

the edges; dull resinous. Emerald- or grass-green ; streak similar.

C.C : 69-9 copper protoxide, 3 4 7 arsenic acid, and 5 4 water.
ComwalL ComxpallUe has 3 or 5 of water.

419. DiHTBITE, 6Cui*J-^2^i,.

0. - 4-4. Oxide of copper 69, phosphoric acid 24-7, water 6-25.

Rheinbreitenbach and Nijni-Tagilsk.

420. MOTTRAMITE, 6(Cu, tb)\',-f 2^,.
Black crystalline crusts; streak yellow. H. — 3; G. — t>-i>.

C.c : oxide of copjwr 20 4, oxide of lead 7-2, vanadic acid 18-7,
water 3 7. Mottram in Cheshire.'

421. Ehlite 5CuP,-H3fi,.

Eight prismatic ; botryoidal, radiating, foliated. H. -1-5 to 2
;

G. -3-8 to 427. Translucent on the edges
;
pearly on the cleavage.

Verdigris-green; streak paler. C.c: 67 copper protoxide, 24
phosphoric acid, and 9 water. Ehl jn the PJiine, Nijni-Tagilsk,
Litethen.

422. Ttroute, 6(5u'A'8, + 9li,.

Right prismatic. CL basal, perfect ; reniform. R-idiate-folia-
coous. H. -1-5 to 2; G. -3. Lustre pearly on cleavage face. Colour
apple-green ar.d verdigris-green to sky-blue ; streak paler. Sub-
tr.inslucent. C.c. : oxide of coppsr 60-8, arsenio acid 29 2, water
20-5. Tyrol, Hesse, Thuringia.

423. PHO-spnoRocHALCiTE (iunnife), 6(Juf'',-l-3fl,

Oblique prismatic. CrysUls ooP'2 (/) 38° 66', P (F) 117° 49',

MINERALOGY

Fig. 433 (sp. 423).

Translucent ; vitre-

with OP (a) and <»P»oo («)(fig. 433) ; usually small and indistinct:

more common in spherical or reniform and'

radiated-fibrous mosses. H. — 6; G. — 4-1

to 4-3. Translucent throughout or on the

edges; adamantine to resinous. Blackish-,

emerald-, or verdigris-green. C.c: 70 8

copper protoxide, 21-2 phosphoric acid,

and 8 water. Cornwall, Eneinbreitenbacb,

Nijni-Tagilsk.

"424. Clinoclase, 6(3uA's,-f 3H3.

Oblique prismatic, C 80° 30'. OP (F),

a.P(m) 56°, iP°oo (a) 99° 30', (r) 123° 48'

(figs. 434, 435) ; and hemispherical. CI.

basal, perfect. H. - 2 -5 to 3 ; G. = 4 2 to 4 -4.

ous ; pearly on cl. Dark
verdigris-green to sky-blue

;

streak blue C.c : 62 6

copper protoxide, 30-3 ar-

senic acid, 7 -1 water. Corn-

wall, Tavistock, E»-?gebirge.

425. MixiTE.'

Oblique prismatioor an-
oithio (?). Radiating, cen-

trally granular. a>P 125°.

H. =3 to 4; G. =2-66. Eme-
rald-green to blue-green ;

streak paler. C.c: 43-21,,. .„, , .„,, ,,. .„, , ,„,,
copper oxide, 13 -1 bismuth '' '?• ^3* (sp. 424). Fig. 435 (sp. 424).

oxide, 30-45 arsenic acid, 11 1 water. Geistergang, JoachimsthaL

426. Rhaoite, 5'i5io2As3 h 8H3

.

Grape-like groups of minute crystals. Colour yellowish green ;

streak white. Lustre wa.x-like ; brittle. H. =5 ; G. — 6-82. C.c:
bismuth oxide /fl--") irsenio acid 15-6. water 4-9. Neustiidtel

near Schneeberg.

427. Tbogerite, 3'iJi'3j-H2Hj

Obliqiie prismatic, C 80°. Crystals thin tabular. Cl. clino-

diagonsd, perfect. Lustre pearly. G. =3-3. Lemon-yellow. C.c:
65-95 oxide of uranium, 17 56 arsenic acid, 16 49 water. In closed

tube gives off water, and becomes golden brown, but again yellow
on coolini?. Neustiidtel.

428. Stkuvite, (NH„ 2fl:g)'iPj-H2flj.

Right prismatic. Poo (a) 63° 7', Poo (c) 95°, 4P«) (J) 30" 32",

ooPoo (n), Jpco (m) 123°, OP (0) (fig.

436). CI. brachydiagonal, perfect.

H. = 1 -5 to 2 ; G. - 1 -66 to I 75. Trans-

parent or opaque ; vitreous. Colourless,

but yellow or brown. C.c: 29-9 phos-
phoric acid, IS -3 magnesia, 10-6 am-
monia, and 44 water. Under St Nicholas
church at Hamburg, and in guano from
South America. *^S- ^°-

429. Arsemosidekite, SCaAsj -f SFejAsj -f 6flj

Spherical and fibrous ; friable. H. = 1 -2
; G. = 3 "52 to S -88.

Opaque ; silky. Golden yellowish brown; streak yellowish brown.
C. c : peroxide of iron 39 4. lima 1 % -8. arsenic acid 37 -9, water 8 9
Romaniche near Macon.

430. Chalcosiderite.

Anorthic. Light green crystals,

oxide of iron, 8 1 oxide of

copper, 4-45 alumina,
30-54 phosphoric acid,

15 water. Cornwall.

431. Laztjlite, iJjP,
J

-Kllg, fe)$,^^-A^.
Oblique prismatic, C

88° 2'. ooP 91° 30', P («)
99° 40', - P [p) 100° 20'.

Crystals often tabular
through distortion ; twins

on OP, and ooP'oo ; also
massive ; fracture splint-

ery. Cl. aP. H.-5 to
6 ; G. - 3 to 3-1. Trans- ^'E- ^37 (sp. 431). »ig. 438 (sp. 431).

lucent
; vitreous. Indigo- and smalt-blue to greenish ; streak

white. In closed tube yields water, and loses colour. Soluble in
acids after ignition. C.c: 31-7 alumina, 10 magnesia, 6 prot-
oxide of iron, 44 phosphoric acid, and 6 water. Salzburg, Styria
Brazil, Georgia, Lincoln in North Carolina.

G. =3-11. C.C! 42-8 iier-
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Fig. 439.

432. CHiLDRENiTE,2(*'e,Mn)<5P''+':^ + 15aHE. P=Pj,H=H2,&;c.

Eight prismatic. Polar edges 101° 43', 130" 10', middle 93° 44':

usual form P, 2P«>, ooPoo («, a, P, fig. 439).

H. = 4-5 to 5; G.=3-18 to 3-3. Translucent;
vitreous. Yellowish vrhite to wine- or ochre-yellow,
brown, or almost black. C.c. : 307 iron protoxide,

!) manganese protoxide, 14'5 alum'na, 29 phos-
phoric acid, and 17 water. Tavistock, Crinnis
lind Callington (Cornwall).

433. EosPHORiTE (Fe, fin),'*], ?+4a.
Right prismatic. P (?) 133° 32' and 118° 56'; ooP (i) 104° 19';

»Pco {a), ooPoo (J), c»P2 (jr), fPf (?), 2P2 (s) (polar edges 130° 26'

lUid 98° 42') (fig. 440). CI. macro-
iiagonal. H.=5; G.=3-13. Palo

'ed. Vitreous. C.c: 22 alumina,

V"4 protoxide of iron, 23 '5 o.xide of

ioanganese, 31 "5 phosphoric acid,

".fi '6 water. Fairfield (Connecticut).

434. LlEOCONITE, CUjA's-h'^lAs

him. J
Oblique prismatic, C 88° SS'-. ooP

<(t) 61° 31', P'oo (o) 74° 21' (fig. 349).

.a. =2 to 2-5; G. =2-8 to 3. Trans-

.' acent ; vitreous or resinous. Azure-
. Hue to verdigris-green; streak paler.

O.c. : 36'6 protoxide of copper, 11'9

a/umina, 26 '6 arsenic acid, 24 '9 water.

in Hungary.

435. Chalcophtllite, Cu^&s -H2H

.

Hexagonal rhombohedral ; K 69° 48' (fig. 441). CL basal, perfect

;

sectile. H. =2; G. =2-4 to. 2-6. -r
Transparent ; vitreous to adamantine. /^ ° , ?
Pearly on OR (o). Emerald- to grass- /-*'— g-"^ R "'gf
and verdigris-green; streak pale green. ^ /^
Soluble in acids and ammonia. O.c: Fig. 441.

protoxide of copper 49-6, arsenic acid 18, water 32-4. Redruth

in Cornwall, Saida in Saxony, Moldawa in the Banat.

436. trKANlTE, (Ca,©-) ¥-l-8S.

Eight prismatic coP 90° 43'; P middle edge 127° 32'. OP:P

116-14; OP :2P<»109° 6'; OP :2fco 109° 19' (figs. 442, 443). Crys-

tals flat, CI. basal, perfect; sectile. H. =1
to 2; G. =3 to 3-2. Translucent; pearly on
OP. Sulphur-yellow to siskin-green; streak

yellow. C.c. : 15 '5 phosphoric acid, 62 "6

uranium peroxide, 6"1 lime, and 15'8 water.

Fig. 440 (sp. 433\

Redruth, Herrengrund

Fig. 442. Fig. 143.

Cornwall, Autun and Limoges in France, Johann-Georgenutadt

and EiljenSiock in Saxony, Chesterfield in Massachusetts.

437. TTRANOSPrNiTE, (Ca, ^5)^-1-83.
Eight prismatic; quadrangular, scale-like crystals. CL basal,

perfect H. = 2 3 ; G. = 3 -45. Siskin-greeiL C.c : lime 5 '47, sesqui-

oxide' of uranium 59 18, arsenic acid 19 37, water 16 29. Heu-
stadteL

438. UEANOOtEOlTE, (6a, S2)'P-F8&.

Yellowish green crystals, isomorphous with 437. CI. basal.

G. =3'53. C.c. : sesquioxide of uranium 56 '86, baryta 14 'S?! phos-

phoric acid 15 '1, water 14. Falkenstein in Yoigtland.

439. Chalcolite, (Cu, ^j) P + SH.
Pyramidal. P middle edge 142° 8'; Poo 128° 14'. Crystals

OP, P, ooPto , Poo . CL basal, perfect ; pearly lustre ; brittle.

H. =2 to 2'5; G. =35 to 36. Grass- to emerald- or verdigris-

green; streak apple-green. C.c: 15 '2 phosphoric acid, 61

uranium peroxide, 8 '5 copper protoxide, atid 15 '3 water. Eed-
ruth and St Austell, Johann-Georgenstadt, Eibenstock, Schneeberg
Bodenmais, Baltimore.

440. Zeunerite, (Cu, ©jyis-fSfi.

Pyramidal. P middle edge 142° 6'. OP : P 109° 67'. Crystals

tabular. CL basaL H. = 2 5 ; G. = 3 '53. Grass-green. Lustre
pearly. C.c. : 7'7 oxide of copper, 65'95 sesquioxide of uranium, 14
water. Huel Gorland in Cornwall, Neustadtel, Joaohimsthal,
Zinnwald, Wittichen.

441. Walpurgite, 5SiSs -f 3'i3&s -(- 10&.
Anorthio; in scaly crystals. Wax-yellow to pomegranate-red.

Adamantine to greasy. H. = 3 -5 ; G. •= 5 76. C. c : sesquioxide ol
bismuth 60 '4, sesquioxide of uranium 20 '4, arsenic acid 13, water
4 '5. KeustadteL

442. Plombgomme, fbaP-f eilflj.

Reniform or stalactitio ; fracture conchoidal and splintery. H. —
4 to 4-5; G. =6-3 to 6-4. Translucent; resinous. Yellowish or
gieenish white to reddish brown. Co.: 38 protoxide of lead, 36
alumina, 3 phosphoric acid, and 19 water; but with 2 chloride ol
lead. PouUauouen, Nuissiere (near Beaujeu), Georgia.

Compounds of Phosphates, Yanadiatbs, akd Abseniates
WITH Haloid Salts.

443. Apatite, 3(!;aP-i-Ca(Cl, F).

Hexagonal and pyramidal-hemihedric. P 80° 26'. The most
common forms are ooP (M); ooP2(n); OP(m); P(a;); the base OP
seldom wanting (figs. 92, 95, 96, 97, 98). The crystals are short-
prismatic or thick-tabular ; also granular, fibrous, or com-
pact ; fracture conchoidal or splintery; brittle. H. =6;
G. -"S'l to 3 '25. Transparent to opaque; vitreous to resinous.
Colourless and white, but generally light green, grey, blue,
violet, or red. C.c: phosphate of lime (89 to 92-3), with
chloride (to 11) or fluoride (to 77) of calcium, or both. Dissemi-
nated in granite, gneiss, mica and hornblende slates, primary
limestones, and trap rocks ; also in beds and veins. Sutherland,
Ross, and Aberdeen, in granite and limestone; Cumberland,
Devonshire, and Cornwall; in tin-mines in Saxony; Bohemia,
St Gotthard, Tyrol; Kragerb in Norway, New York, Canada.

444. Pyromorphite, SPb^P + PbCl.

Hexagonal ; P 80° 4 4'. Crystals 0= P, OP, with 00 P2, or P (Jlf, P, x,
fig. 444), occasionally thicker in the middle, or spindle-shaped;
also reniform or botryoidal ; fracture conchoidal or un- p
even. H. =3-5 to 4; G. =6-9 to 7. Translucent; resin-

ous or vitreous. Colourless, but generally grass-, pis-
tachio-, olive-, or siskin-green, and clove- or hair-brown,
and scarlet (Leadhills). C.c: 897 phosphate and M
10 '3 chloride of lead, but with to 9 arseniate of
lead, .0 to 11 phosphate of lime, and to 1 fluoride of
calcium. Elgin, Wanlockhead, also Cornwall, Derby-
shire, Yorkshire, Durham, Cumberland, Wicklow ; ^'8- ^**-

Przibram, Mies, and Bleistadt in Bohemia ; Berezoff, Phoenixville
in Pennsylvania, and Mexico.

445. Vanadinite, 3Pb3¥-^PbCl.
Hexagonal; P 78° 46'. Forms ooP, OP (0), P (s), 2P, JP(Ji), ooP2,

ooPf, 2P2 (tig. 445). Transparent to
opaque; resinous. Honey-yellow to
greyish brown; streak white. H. =3;
G. =6-8to7-2. C.c:oxideoflead70-8S,
vanadic acid 19-35, lead 7-2, chlorine
2 '62. 'Wanlockhead, "Windischkappel
in Carinthia, Haldenwirthshaus in

the Black Forest, Bolet in West-Got-
land, Berezovsk, Zimapan in Mexico,
Cordoba in the Argentine Republic.

446. MllLETESlTE, 3Pb3i3 -f PbCl.

Hexagonal ; P 81° 48'. Crystahs
ooP, OP, P (figs. 91, 444), or P, OP.
CL ?: fracture conchoidal or uneven.
H.=3-5 to 4; G.=7-19 to 725.
Translucent. Colourless, but usually
honey- or wax-yeUow, yellowish green
or grey. C.c: 90-7 arseniate and
9-3 chloride of lead: but part of the arsenic occasionally replaced by
phosphoric acid. Leadhills, Huel Alfred and Huel Unity in Corn-

wall, Koughten Gill and Dry Gill in Cumberiand, Beeralston in

Devonshire, Johann-Georgenstadt, Zinnwald, Badenweiler, St

Prix in France, Nertchinsk, and Zacatecas in Mexico.

447. Wagnerite, MgjJ'H-MgF.

Oblique prismatic, C 63° 25'. coP 57° 35'. CL prismatic, and
orthodiagonal imperfect ; fracture conchoidal or splintery. H. = 5

to 5-5; G. =3 to 3-2. Translucent or transparent; resinous. Wine-

yellow and white. C.c: 43-3 phosphoric acid, 11-4 fluorine, 37-8

magnesia, and 7 -/ magnesium ; but with 3 to 4-5 iron protoxide

and 1 to 4 lime. Wcrfen in Salzburg.

448. Teiplite, (Fe, Mn)3J''+RF.

Oblique prismatic ; only granular. CL in two directions at

right angles ; fracture conchoidaL H. = 6 to 5 '5; G. — 3 -6 to 3 'fi.

Translucent or opaque; resinous. Chestnut- or blackish-brown;

streak yellowish grey. C. c : iron and manganese protoxides, with

33 phosphoric acid, and 7 or 8 fluorine. Limoges, Schlaggenwald.

Fig. 445 (sp. 445).



408 MINEKALOGl
449. ZwiEJEWTB, (i^e, rtn),i' + F«F
Riglit prismatic ; but only inaMive. CI. basal, perfect H. — 4'6

to 6; G. -3'95 to 4. Brown; atreak yellow. C.c.: like triplite.

Zwiesel in Bavaria.

450. Amblyoo.mtb. A'Ij?, + (ti, Sa)5l*, + AlF, + (Li, Na)F.
Anorthic; crystals rare: coarse granular. CI. OP. pearly, meeting

two others at 105* and 87* 40'. Fracture uneven and splintery.

H. — 6; G. — StoS'l. Translucent: vitreous. Greyish or greenish
white to pale monntain-greeiL C.c: 47 9 phosphorio acid. 34 6
alumina. 6'9 litbia, 6 soda, and 8 3 fluorine. Penig, Arendal,
Montobraa (Creuse, France), also Hebron and Paris in Maine.
ilontibrasiu has no soda.

451. DtjaANOiTE, (R,) i8 + 2NaF.
Oblique prismatic; crystals like keilhauite (sp. 669). ooP 110* 10';

P112"10'. CLprisniatia H. -5; O. -395 to 4. Bright orange-rod;
streak cream-yellow. Vitreous. C.c: alumina 172, iron protoxide
("Z, arseuic acid 53, soda 13 1, fluorine 7 '7. Durango (Mexico).

452. Heroerite.

Right prismatic P polar edges 77° 20' and 141* IB*; oof 115°
68'. Fracture conchoidal. H. -6; O. -29 to 3. Translucent;
Titreous, inclining to resinous. Yellowish or greenish white.
Efarenrricdersdorf in Saxony. An anhydrous phosphate of alumina
with lime and fluorine.

Phosphates with SiTLPHATEa ajh) Borates.
453. SVANBERGITE.

Rhombohedral ; R 90° 35*. H. -4-6: G. -2-57. Vitreous to
adamantine. Honey-yellow, reddish brown, and rose-red ; streak
reddish. Subtransparent. C.c: 378 aluminp, 6 lime, 173 sul-

phuric acid, 12 8 soda, 17 "8 phosphorio acid, 6 8 water. Horr^
^bberg in AV'ermland.

454. DiADOCHiTE, We,P,-h2FeSJ-f 32fi.

Reniform and etalactitio ; fracture conchoidal. H. -8; G. -rS
to 2. Resinous ; Titreoa.1. Yellow or yellowish brown; streak
white. C.c: 367 iron protoxide, 14'8 phosphorio acid 152
•olphuric acid, and 30 -3 water. Grafenthal and Saalfeld.

455. PiTTlciTE, ¥'e,§j-H23f'eis-f24ff.

Reniform and stalactitic ; brittle; fracture conchoidal. H. =2-3;
0. — 2'8 to 25. Translucent throughout, or on the edges ; resinous
to vitreous. Yellowish, reddish, or blackish brown, sometimes in
pota or stripes; streak light yellow or white. C.c: 35 iron per-
oxide, 26 arsenic acid, 14 sulphuric acid, and 24 water. In many
oM mines, as Freiberg and Scnneebcrg.

456. Beudantite.

Rhombohedral ; R 91° 18'. H. -8-6;G. -4. Vitreous. Olive-
green ; streak greenish yellow. C.c : oxide of iron 40 69, oxide of
lead 24 05, sulphuric acid 1376, phosphorio acid 8 '97, water 9 77.
Dernbach in Nassau, Cork in Ireland.

457. Ll/NEBiraoiTE (2Mg,"il) j' + SlgS-fTfi.
Concretions of fibrous structure. C.c: 25 '2 magnesia, 29 'SS

phoephoric acid, 1474 boracic acid, 30'23 water. Liineburg.

ARSENITES.

468. ECDEMITE, ftj'isj-f 2PbCI,.

Pyramidal. CI. OP. H. -25 to 3; G. -714. Pal." green.
Vitreous on cleavage ; resinous on fracture. Co.: oxide of lead 59-67,
lead 22 2, arscnious acid 10 -69,chlorine 7 -58. Lingban in Wermland.'

459. Trippkeite, tvi&a.
Pyramidal; Pill* 66'. Bluegroen. Lustrous. Copiapo in ChilL

SILICATES.
Andalusite Geoitp.

460. AjfDALtJSITE, AlSi.

Right prismatic. <»P (m) 90* 60', P«> (r) 109° 4'. Poo (») 109* 61'.

Not affected by acids. C.c : ainmina SS'l, silica 36-9. Clsshnarcft

(figs. 446 to 449) and Clova in Aberdeenshire, Marnoch and Botrinh-

Fig. 448. Fig. 44/.

Also colamnur. 01. to; fracture splintery. H. -7 to 7-6; 0.-31 to»1 Pellucid; vitreous. Grey, green, red, or blue. B.B. infusible.

f^
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<?.c. : silica 30, alumini 48'6, with 5'6 iron peroxide, 12'5 iron

frotoiide, 35 magnesia; often impure. BLieter Voe andUnstin
hetland, Bohann and Marnoch in Banffshire, StGotthard, Greiner

in Tyrol, Finisttro, Urals, and North America. XanthoUU is a
yellow variety from Urqiihart (Inverness).

466. Sapi-hieite, 4Mg, 6Al, 2Si.

Oblique prismatic; granular. H. — 7 to 8; G. — 3'4 to 3 '5.

Vitreous; pale blue or green; translucent; dichroic. C.c: alumina
€3 "2, magnesia 19 "3, siBca 11 '9. Fiskenaes in Greenland.

TOURMALINB GrOOP

486. ToUBMAiiNE, ftjSi+'fiSi.

Rhombohedral ; R 133 10'. Crystcls of OR (A-'), -iR; usually

long prismatic, and striated (fig. 45, and 249 to 252). Generally

hemimorphic ; also radiating and fibrous ; fracture conchoidal to

uneven. H.— 6
'5 to 7 '5; G. —3 to 3 3. Black varieties opaque,

others transparent ; vitreous. Generally black ; but colourless,

yellow, brown, blue, green, and rose-red ; streak white. Different

colours often disposed in layers parallel to the axis; and
portions of one crystal differing also in colour along the

axis. By friction acquires positive electricity; and becomes elec-

trically polar when heated. Powder insoL in h. acid ; imperfectly

in 9. acid. C.c. complex, but all with water and fluorine, some with

i/Oracic acid. Coarse black columnar varieties, called Schorl, very

common in granite and gneiss. Black occur at Portsoy in Banff,

Clova, Cabrach, and Rubislaw in Aberdeenshire, Bovey in Devon-
^Iiire, St Just in Cornwall, in Greenland, Arendal, Tyrol, and North
America ; blue or Jndicolite at Ut5 in Sweden ;

green at Glen Skiag

•u Cromarty. Crystals ruby-red w'lthin, surrounded by green or red

«t one extremity and green at the other, also blue and pink, at

Albany, Paris, and Hebron in Maine. Currant-red or Subellite ii\

India and Ceylon, also in Siberia and Brazil.

467. Datholite, JaS'+CaSij-hfi.

Oblique prismatic, C 89° 51'. ooP (?) 116° 22', ooP<'2 (/) 76° 38',

F(P) 120°, -P'oo (a) 46° 8', aP°oo

<s), 2P»oo (o) (fig. 454) ; or rhombic
with 6:/ 90, 6:al35°, b:c 141° 9',

and /: J 160° 39'. Fracture uneven,

or conchoidal. H. -= 5 to 5 "5
; G. —

^•9 to 3. Transparent or translucent

;

vitreous, Colourless and tinted green-

ish, yellowish, or pink. In closed

tube yields water. B.B. intumesces

and melts easily to a clear glass, colouring the flame green; the

powder gelatinizes in h. acid. C.c: 38'1 silica, 21 '6 boracio acid,

347 lime, and 6'6 water.

Bishopton in Renfrew, Glen
Farg in Perthshire (fig. 455),

Salisbury Crags and Corstor-

phine Hill near Edinburgh,
Arendal, Utb, Andreasberg,

Seisser Alp, Connecticut,

and New Jersey. Figs. 238,

239 are pseudomorphs of

quartz after datholite termed
Ifaytorite.

468. EirousE, 26rSi -I-

Obb'qoe prismatic, C 79
44'. ooP«2(s)115°;3P'=3(/)

105*49'. Crystalsspecially of oop«2, ooP'oo (r), 3P'3. CL clino-

diagonal, perfect; ver7 brittle and fragUe; fracture conchoidaL

i'ig. 454.

Fig. 455 (so. 467).

ff\
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96' I'V. OP (*0. P« M. »P" (n J' :
7" "5-, r; n 111° 21'.

r-rfl30*18'. OfUin massifo or pranul"; f™<^'"" "">'"'"'''''• "
-6 : G -3-4 to 3-8. Trnnslncent on eJgca ; vitroous to resinous.

Black to brown or greenish ; streak brownish grey. B. B. froths

an J melts to » brown gla»». Gelatinous with h. acid. C.c : 1- to

IS alumina with jwroxido of iron, 13 to 26 oxide of cenum and

Unthanum, 2 to 12 yttria, 4 to 20 protoxide of iron, 30 of Bilica.

Small crystals common in the sycnitic granites of Scotland ;
as at

I-irg, Boat of Garten (fig. 4fl3), Aboyne, and CrilTel. In limc-

•tone at Ur.iuhart (fig. 462), Greenland, Hittorij and Snarum,

Thuringia, Pennsylvania. New Jersey. OrlhiU (massive) at Finbo.

Krageio. and Falun. CeriiU (granular) at RiddarhytUn. Ft/r-

irthU4 has carbonaceous matter. Bodtniie is a variety.

475. IDOCRASB, 3(Ca, SIg)3Si + 2A1Si.

PyT»m'<laI ; P W 74^ 27' (figs. 464 to 466). Crystals ooP (<i),

MINERALOGY

Fig. 464. Fig. 465.

r<^
d a

Fig. 468.

CypriM from Thele-

H.-6to7; G. =3-2 to

aiPoo (il\ P («). OP (p), Pto (o) 56° 29', ooP2 (/). Prismatic,

striated; also ciaiiular; fracture nnevcn. H. — 6 5;

D. - 3-35 to 4. I'cUucid ; vitreous to resinous. Brown,

green, yellow; streak white. B.B. fuses easily, with

Intumescence, to a green or brown glass. Partially

Boi in h. acid ; after ignition totally, gelatinizing.

C.c. : alumina 16, peroxide of iron 7, lime 34, silica

88. Glen Gaiin and Cratliie, Aberdeenshire, in lime-

itone ; Brcadford, Skyo ; Wicklow and Donegal, Ire-

land ; Egg, Norway ; Jfussa, Piedmont ; Vesuvius

;

\\filni river, near Lake Baikal (fig. 463).

mark is azure-blue, from copper.

Olivine Group.

476. FOESTERITE, Mgj, Si.

Eight prismatic. Like olivine (sp; 478).

8 '3. Vitreous ; transparent. AVhite, wax-
yellow, greenish ; streak "wliite. C.c. :

magnesia 67 1, silica 42-86. Vesuvius.

BoltonUe, red, is from Massachusetts.

477. Fayalite, FcjS.

Right prismatic ; n : n' 49° 36' (fig. 467).

Massive. CL rectangular. Black, green-

ish, or brownish. Metallic to resinous ;

fracture conchoidal ; magnetic. H. — Oa;
8.-4 to 41. C.c: protoxide of iron

70 '5, silica 29 5. Mouruo Mountains,
Ireland ; Fayal, Azores.

478. Cbkysolitb (Cfiviyu;, Peridolc),

(Je, Srg);^'i

.

Eight prismatic. P («) 85° le" and

189° 64' ; middle 108° 30'.

;*) 80° 63', ojPoo {^r) (fig. 468). Also
diagonal, perfect ; fracture conchoidaL
H. -C-5 to 7; G. -3-3 to 3-6. Trans-
parent ; vitreous. Olive-green, yellow,

b.own, and colourless. B.B. infusible.

Soluble, with gelatinizing, in acids. C.c.

:

]7 magnesia, 12 protoxide of iron, 40
lilica. Talisker in Skye, Ilaalival in

Bum, Elie in Fife, Unkol on the Rhine,
V^esuvius, Esnch in Egypt, Brazil. Ifya-

{ondtrite, brown and yellow, with metallio

lustre and 30 per cent, protoxide of iron,

is fi'om the Kaiserstuhl in the Brcisgau.

479. TErnnoiTE, iln^Si.

Right prismatic
;

granular, with rectangular cleavages. Ash-
grey, rose-red. Adamantine; translucent. H. — 5'5to0; O. — 4
to 4 1. C.c. : protoxide of manganese 70 2, silica 29 8. Franklin
iud Sparta in Kcw Jersey,

Fig. 467 (sp. 477).

ooP (n) 130° Z, Pco (<i) 76° 64', 2pco

sive. CL brachy-

Fig. 463

480. Knebellite, {"e^Si-f Jlnjfei.

Massive. Grey, bro»Ti, green, black. Glistening ;
brittla

H -6-5 • G -371. C.c: protoxide of iron 35 5, protoxide o»

manganese 35, silica 29-5. Umenau, Pai.ncmora in Sweden.

481. MON-TICELLITE, tajiSi + MgjSi

.

Right prismatic P (/) 110° 43' and 97° 65', o=P (s) 98° 7', c»P2

(n) 133° 6', Pco (i) 81° 67', 4P=o (A) 120° 8', P2 {c) 141° 47' and 82°.

oopoo (I) (fig. 469). Vitreous. Grey,

yellowish and greenish, and v hite ;

ttreak white. Translucent. H. - 5

to 6-5; G. -3 to 3-25. C.c: lime 35.

magnesia 21 -9, protoxide of iron 6 6,

silica 37-5. SoL in h. acid, gelatiniz-

ing. Somma (Milan).

482. Chondbodite {Bmnite),

flg.§i,.

Right prismatic. P middle edge

156° 38', polar edges 131° 34' and

64" 28' (figs. 470 to 472). Crystals

monoclinic in habit, often granular-

massive H.-0-5;G. -315to3-25. „
,

.

Translucent ; vitreous to resinous, \ellow, red, brov.n, gieen. and

black; streak white B.B. infusible. Decomposed hy acids. C.c

Fig. 469 (sp. 481).

Fig. 470. Fig. iTi. Fig. J72.

silicate of magnesia, with 2 to 3 of fluorine. From limestone oa

Loch Ness (?); Pargas, Finland; Gallsjo and Aker, Sweden ; New
York ; Sparta, New Jersey. Eumile, from Somma.

483. LlEVKlTE, 3(f'e, Ca)jSi -f ip'eSi -1- ft

.

Right prismatic P (o) polar edges 139° 30' and 117' 27' ; ooP

112° 38', Poo {d) 112° 49', ooP2 (s) 106° 15'. Crystals (fig. 124) are

long-prismatio and vertically striated ; also radiated, columnar, or

fibrous ; brittle. H. =5-5 to 6 ; G. -3'9 to 4 2. Opaque ; resinous

or imperfect metallic Brownish or greenish black ; streak black.

B.B. fuses easily to a black magnetic globule. Sol. in h. acid,

forming a yellow jelly. C.c: 29'3 silica, 19-6 iion peio.vide, 35-2

iron protoxide, 137 lime, and 2*2 water. Eio in Elba, Fossum,
Kupferberg, Rhode Island, and Greenland.

4S4. Cekite (Ce, ftja'Si + fi.

Hexagonal ; OP; ooP; in low six-sided prisms. Gpnerkllj fine-

granular ; fracture uneven, splintery; brittle. H. — 5"5; G. — 4'9

to 5. Translucent on the edges ; dull, adamantine, or resinous.

Clove-brown, cherry-red, or pearl-grey. Sol. in h. acid, leaving

gelatinous silica. C.c: 20'5 silica, 73 '5 protoxide of cerium (with

didymium and lanthanum), and 6 water. Bastnaes near Riddar;

hyttan.

435. Galmei, 2naSi + H.

Right prismatic, and hemimorphic ; 2P2 (P) with polai edges

101° 85' and 182° 26', ooP {<?) 103° 60', Poo (o) 117* 14', foo (J)

128° 55' (fig. 46); common form mPoo (s), ooP, Poo. Als»
columnar, fibrous, granular, and earthy. CL prismatic along ooP,

very perfect; along I'oo perfect. H. — 5; G.— 3
'3 to 3 '5. Trans-

parent to translucent ; vitreous and pr^arly. Colourless or white,

but often ligkt grey, also yellow, green, browi^ and blue becomes
electric by iicat. B. B. decrepitates slightly, but is infusible ; with
cobalt solution blue and partly green ; readily soluble in acids, and
gelatinizes. C.c. : 25 silica, 67'5 ziiic oxide, and 7*5 water. Wan-
lockhoad. Mendip Hills, Matlock, Raibl and Bleiberg in Carinthia,
Aix-la-ChaptUe, Iserlohn, Ncrtchinsk, Pennsylvania, Virginia.

Used 08 an ore of zinc

WiLLEMiTE Group.

486. WlLLEMITE, injSi.

Rhombohodral ; R 116° 1'. Ci. basal, and prismatic, ooR

;

brittle H. -5-5
; G. =3-9to4-2. "White, yellow, brown, and red.

Vitreous lustre C.c. : oxide of zinc 73, silica 27. Allenberg
Liege, Greenland, New Jersey.
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_ i Fig. 473 (sp. 489).

G. - 3 -2 to 3 -3. Transparent or

487. Tkoostite, '^nSi + MnSi

.

Rhombohedral ; R 116°. CI. prismatic, ooP2 ; brittle. H. -5-5;'

G. -4'1. Asparagus-green, grey, and reddish brown. Vitreous.

C.c. : oxide of^inc 58. oxide of manganese 13, siliua 28. New Jersey.

488. Centkolite (PbMn) Si

.

Eight prismatic; ooP 115° 18'. Form ooP, P, wPoo. H. = 5;

G. — 6 2. Redbrown. CI. mismatic ; splendent on P. Southern
Chili.

439. Phenacite, dljSi.

Hexigonal and tetartohedral ; E (p) 116° 36' (fig. 473). Crystals

l;, o>P2, |P2. Twins with

parallel axes, and intersecting.

CI. R, and ooP2 ; fracture con-

choidal. H.=7-5 to 8; G.=
2'97.- Transparent or trans-

lucent ; vitreous. Colourless,

and wine-yellow or brown when
fresh, but colouf soon lost on
exposure. B. B. infusible ; not

affected by acids. C.c. iglucina
45 '8, silica 64 '2. Framont in

Alsace, Takovaya in Urals,

Miask, Durango in Mexico.

490. DioPTASE, Cu'Si-t-S.

Hexagonal and rhombohe-
dral ; E 125° 54', -2R (r) 95°

28', o»P2, -2RJ{s)-(fig. 474).

CI. E, perfect; brittle. H. =5, -. — » •..«»». .^...uopaicii

translucent; vitieous. Emerald-green, rarely verdigris-green

blackish green; streak green. C.c. : 38 '7

silica, 50 copper protoxide, and 11 '3 water.

Altyn-Tiibeh in tile Kirghiz Steppe, Murosh-
naya, Copiapo.,

491. CHRTSOCOLtA, CuSi + 25.
Botryoidal or investing ; brittle ; fracture

conchoidal. H. =2 to 3; G. =2 to 2 3. Trans-
lucent ; resinous. Verdigris- to emerald-green
or azure-blue ; streak greenish white. C.c:
34'83 silica, 44 '94 copper protoxide, and 20 '23

water. Leadliills, Lackentyre in Kirkcud-
bright, Cornwall, Saxony, Hungary, Spain,
Urals, Australia, Chili.

_
492. BOGOSLOVSKITE (Kup/erblau).

Massive; fracture conchoidal; brittle. H. —
4 to 5 ; G. =2 '56. Sky- to ultramarine-blue

;

streak smalt-blue, and shining. A silicate of

copper, with 45 '5 per cent, copper oxide. Schapbach Valley in

Baden, Bogoslovsk in the Urals. •Demidowile may be the same.

Garnet Group.

493. Garnet, ftaSij-l-BSi.

Cubic ; most common forms ooO and 202 (figs. 33, 40, 60, 475).

Also granular. CI. dodecahedral ; fracture conchoidal, or splintery.

H. -e-S to 7-5; G. =3-5 to 4-3. Pellucid;
vitreous or resinous. Earelj colourless or

white ; generally red, brown, black, green, or

yellow. B. B. in general fuses to a glass, black
or grey in those containing much iron, green
or brown in the otheis, and often magnetic;
imperfectly soluble in h. acid. C.'^. ex-

ceedingly variable, but gen£rally forming two
series, according as R^Oj is chiefly alumina or

chiefly iron peroxide ; and these are again ^'S' ^'5.

divided according as RO is more especially lime, iron pro-

toxide, magnesia, or a similar base. The more irfiportant varieties

are

—

(1) Lime-Alumina Garnet, Oa-jSi, -^ AlSi, with 40 silica, 23
alumina, and 37 lime. To this subdivision belong

—

(a) Water Garnet.—Colourless to white. Craie llohr, Aberdeen

;

Thelemark in Norway.
(6) Grossular. ^Olive- to gooseberi-y-greeu. Craig Mohr ; Wilui

river ; America.
(c) Cinnamon Stone.—Hyacinth-red to orange-yeilow. Glen

Gairn (Aberdeen), AUt Gonolan and Ord Ban (Inverness), Ceylon,

Wermland. Romanzowitc, from Kimito (Finland), is the same.

This variety when polished is often sold as Hyacinth.

(d) Common, Lin.e Garnet.—Here one half of the alumina is

replaced bv iron pcroxidn. Colours red. brown, yellow. Piedmont,
Vesuvius, the Urals.

(2) Magnesia-Alumina Garnet ; RO chiefly magnesia. Arendal.

Fig. 474 (sp. 490)

(3) Manganese-Alumina Garnet; EO = MnO; reddish-b

Spessart (Bavaria), Sweden.

(4) Magnesia-Iron-Lime-Alumina Garnet, Pyrope.—Colour port-

wine to purplish red. Elie in Fife, Zoblitz in Saxony, Bohenua.

(5) Iron-Alumixui. Garnet, Almandine, Noble Garnet.—Colum-
bine-red, inclining to violet, blood-red, and reddish brown.
Common in mica-slate, gneiss, and granite. Shetland, Ross,

Inverness, Aberdeen, Falun, AJendal. Tyrol, the Urals, North
America, Pegu, and Ceylon.

(6) Lime-Chrome-Alumina Garnet, 633813 + ('6r, AljSi, Uwan-
wile. Emerald-green ; with 22 per cent, chrome oxide. Bissersk

and Kyshtimsk in the Urals, India, and California.

(7) Lime and Iron Garnet, CajSig + Pe, §1 . This includes

—

(o) Common Iron-Garnet, Rothoffite, AUochroite.—Subtransluceni
or opaque. Green, brown, yellow, or black; with white, grey, or

yellow streak. Sweden and Arendal.
(J) Melanite.—'Eila.iik; opaque; in thin splinters translucent;

streak grey ; slightly magnetic. Albano near Frascati, Vesuviu!,

France, Lappmark.
(c) Colophonile.—Yellowish-brown to pitch-black, also yellow or

red; resinous; streak white. G. =3'43. Arendal.
The red varieties, n;hen cut en cabochon, are termed Carbunclts.

494. AXINITE, (Al, B) Si-f2(Ca, Fe)Si

Anorthic. Crystals unsymmetrical. « : P 135° 31'; Kir 115*

38', P:r 134° 45' (figs. 136, 137). CI. distinct along planes trun-

cating the sharp edges between P and u andP and r. H. — 6'6

to7; G. =3'2 to 3'3. Pellucid; vitreous. Clove-brown, inclining to

smoke-grey or plum-blue ; but often cinnamon-brown in one direc-

tion, dark violet-blue in a second, and pale olive-green in a third

{Irichroisjn). B. B. colours flame green; intumesces, and fuses easily

to a dark green glass, becoming black in the ox. flame ; not sol. in h.

acid till after ignition, when it gelatinizes. C.c: 45'9 silica, 5"9

boracic acid, 17 '5 alumina, 9 3 iron (with manganese) protoxide,

and 21 '4 lime. Botallack and other mines in Cornwall, Bourg
d'Oisans in Dauphine, Kongsberg, Arendal, Nordmark in Sweden,
Pyrenees, St Gotthard, Tyrol. Thura in Saxony, Urals, and North
America.

495. Danburite (Ca, S) 2Si.

Eight prismatic ooP(7) 122° 52', oof2 (e) 94° 52', Poo (d) 97

7', 4Poo (10) 54° 58', OP (c), P (0), 2P2 (r), o=.Poo (a), oof4 (n).
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ScxpoLiTE Group

19S. SlKCOUn, SCa, 8il,^ SSi

.

Pyramidal P 102' 64'; ooPoo ; OP; P, and other faces as in 6g.

480, many of the faces being alternaUly hemihedral. H. -6-5

to 8 • G -2-93 Vitreous. Grey to roso-red. Translucent ;
very

brittle. C.C.: alumina 21-6, lime 32-4, sods 33, silica 40 5.

B. B. fiiM* to a whit« enamel ;
gelatiniies with acida. Somma.

Fig. 480 (sp. 499). Fig. 481 (up. 600).

600. Meionite, 6(Ca, Sa), 4Al, 9§i.

Pyramidal. P (o) 63° 42'; P<o (t); ccT (a); a>P (J) (fig. 481).

CI. maorodiagonaL H. -5'6to 6;G. -2-6

to 2 "7 4. Vitreous. Colourless or white.

Transparent, Much cracked. C.c: 31 9

alumina, 26-2 lime, 41 '9 silica. Gelatinizes

in acids. Somma.

601. MiziONlTE, 6(Ca, Sa), 4'Aj, IS'Si.

Pyramidal ; P 64* 4' (fig. 482). Similar to

meionite. C.c: alumina 23 '8, lime 8 '8,

•oda 9 '8, alica 647. Insoluble in b. acid.

Somma.

604. ScAPOUTZ, 8(6a, Sa)Si + AJjSi,.

Pyramidal P 83* 42' ; o»Pqo ; P ; ooP

ooPoo, perfect; and ooP. H.
parent or translucent ; vitreous.

(=^2^

Fig. 482 (sp. 601).

also massive. CI
5 to 6-6; G. -2-6 to 28. Trans-

pearly, or resinous. Colourless, but

also pale grey, green, yellow, or'red. B.B. melts with effervescence

to a vesicular glass; in the closed tube may show traces of fluorine;

with solatioD of cobalt becomes blue. Sol in h. acid. C.c: 49

silica, 28 alumina (with iron peroxide), and 23 lime (with soda).

Tiree (Scotland), Arendal, Tunaberg, Pargas, Massachusetts, and

New York. Known by its rectangular cleavage, resinous lustre on

fractured surfaces, and^ction B.B. Dipyre, P 64° 4', is a variety.

603. Mellilitb (HumboldlUiU), 2((!;a, Mg)§ij + ('Al, We)Si

.

Pyramidal P 66* 30'; OP; ooPoo. CI basal, perfect H. -6
to 6-6; G. — 2'91 to 2-95. Translucent on edges ; vitreous to resin-

ous. Hooey-yellow, orsnge-brown, and yellowish white. C.c

:

82 lime, 7 magnesia, 9 alumina, 7 "ron neroxide, 40 silica. Capo
di Bove, and Vesuvius.

604. Gehlenite, (Ca, ^e),§'i-(-(Al, lFe)Si.

Pyramidal P. 69* ; OP; ooP=o ; oiP3; 2P. CI. basal H. -6-6

to 6 ; G. — 2'9 to 3'1. Translucent on edges. Dull resinous.

Mountain-, leek-, or olive-green, and liver-brown. C.c: 22

alumina, 6 iron peroxide, 36 lime, 4 magnesia, 31 '4 silica. Uon-
zoni in the Faasa Valley.

Nepheunb Groitp.

606. LsuoiTE, 'il. Si, -^ SS'i

.

Pyramidal Combination of the ditetragonal pyramid («) with the

tetragonal pyiamid'o), and 2Poo (u)with ooP(m). Hemitropes united

Fig. 4«3. ng. 484.

by (u). Vracturs conchoidal H. -6'6to6; G. -2-4 to2-6. Trans-
parent to translucent on the edges; vitreous, inclining to resinous.

Colourless, but greyish, yellowish, or reddish white ; streak white.

{). B. infusible; with cobalt solution becomes blue. Sol in h.

Fig. 485.

acid, without gelatinizing. C.c: 54-9 silica, 23-6 alumina, and

21-5 potash. Abundant in the lavas of Vesuvius, the tufaa near

Rome and the pepcrino of Albano ; also at the Kaiserstuhl, and

near Lake Laach. Readily distinguished from analcime by its in-

fusibility, and by never showing faces of the cube.

606. 'Szmt.hivz (Elsolile), AlSi + 4(Na, S)Si.

Hexagonal. P 88* 10'. ooP, OP, P common ; also fig. 485.

Crystals imbedded, or in druses ;
also

ma.'ssive-granular; fracture conchoidal,

or uneven. H. -6-5 to 6; G. -2-58

to 2-64. Transparent or translucent

;

vitreous and resinous. Colourless or

white (nepheline) ; or opaque, dull

resinous, and green, red, or brown

(elieolite). B.B. melts difficultly

(nepheline;, or easily with slight effer-

vescence (elseolite), into a vesicular

glass. Sol. and gelatinizes in h. acid.

C.c: 41-2 silica, 35-3 alumina, 17

soda, 6-5 potash. Nepheline at Monte
Somma, Capo di Bove, Kati:onbuckel

in the Odenwald, Anssig, and Lusatia.

Elaeolito in the zircon syenite at Laur-

yig, Fredriksviirn, Brevig, and Miask.

Bavine, with JP ei" 46', seems only a variety; as also Cancri-

niU, bright blue, and with some carbonate of lime.

607. MiCROSOMMiTE, RSi+ il'si -^NaCl

.

Hexagonal ooP;0P; ooP2;ooPJ. CI ooP. H.-6;G. = 2-42

to 2-63. Colourless to yellow; lustre silky. Somma and Vesuvius.

608. SoDALiTE, 3('A'lSi-Hl>faSi)-l-NaCl.

Cubic ; ooO, and fig. 486
;
generally distorted ; also massive and

granular. CI. ooQ ; fracture

conchoidal or uneven. H. —
6-5; G. -2 13 to 2 29. Trans-

lucent; vitreous. White, grey,

and rarely green or blue. C.c:
37 silica, 31-8 alumina, 19-2

soda, 4'7 sodium, and 7 '3 chlo-

rine. Greenland, Vesuvius,

Ilmen Hills, Fredriksvam, and
Litchfield in Maine.

509. NosEAN, 3fAiSi + i^aSi)

-HiJaS.

Cubic ; and granular. H. =
6-6; G. - 2-28 to 2-40. -Trans- ^. ^g g^g
lucent ; vitreous to resinous. " ^ '^ '

Ash or yellowish grey, sometimes blue, brown, or black. C.c. : 96

silica, 31 alumina, 25 soda, and 8 sulphuric acid. Lake Laach,

and Rieden near Andemach. on the Rhine. Occurs in phonolites,

in minute crystals.

510. Hatttne, 2(AlSi + ffaSi) + 6aS.

Cubic ; chiefly ooO ; also fig. 487 ; but more common in grains.

CI ooO. H. —5 to 5'5; G. =24 to 2'5. Semitransparent or trans-

,
lucent; vitreous or resinous. Azure- or

sky-blue; streak bluish white. C.c: 34 '2

silica, 28 '5 alumina, 11 '5 soda, 4 '3 potash,

104 lime, and ll'l sulphuric acid.' Vesu-
vius, Mount Vultur near Melfi, the Cam-
pagua of Rome, and Niedermendig near
Andernach.

511. Lapis-Lazuli.

Cubic ;
Ooo

;
generally massive, granu-

lar. H. -6-5; G. -2-38 to 2-42. Trans- Fig. 487 (sp. 510).

lucent on edges; dull resinous or vitreous. Ultramarine, or
azure-blue; streak light blue. B.B. fuses readily to a white
porous glass. In h. acid the powder is dissolved and gelatinizes,

evolving sulphuretted hydrogen. C.c: 43 50 silica, 5 "89 sul-

phuric acid, 3176 alumina, 909 soda, 3-52 lime, 086 iron, 042
chlorine, 095 sulphur, 012 water. Near Lake Baikal, China,
Tibet, Tartary, Monte Somma, and Chili. It is used for ornamen-
tal purposes, and in the preparation of ultramarine. The colour
I in it and hauyne seems due to some compound of snlnhiir
with sodium and iron.

Mica Group.

512. BiOTlTE (Jfajn«jio-Jtftca), AljSij-KMg, K, Fe)jSij.

Obliciue prismatic, C 89" 59'". OP (c), 98' 41' P (m), -iP (oj,

ooP'co (4), poo (r), - 1 P«3 (s). CI basal, perfect; sectila ; thin plates
elastic H. -2-6 to 3; G. -2-85 to 29. Transoarent, but often only.
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in vary thin plates. Generally aniaxal, sometimes with diver-

gence— 66*. Metallic, pearly. Usually dark green, brown, or black

;

streak greenish grey or white. B. B. difficultly fusible to a grey or

black glass. Completely soL in concentrated s. acid, leaving white

f^^^ ^ '



414 MINERALOGY

Fig. 494

532. Penxixe, 4ftg§i + !iIg,"A'l+ifi

IlexKxonal, rhomliohednil ; R 65' 28'. Crystals chiefly very acute

ThomboheJrons, wiib or without the base. Lustre resinous. H. —
2 to 3; G. -26 to 277. Strt.ik greenish white. B.B. exfoliates,

becomes white, and fuses on the edges to a white enamel. Com-
pletely »oL in warm s. acid. C.c: 330 silica, H'4 alumina,

3»'4 magnesia, and 126 water; but with 5 to 6 iron protoxide re-

placing magnesia. Scilpa in Harris, Glen Lochy in Perthsliiro,

Zermatt in Valais, Tyrol, Ala di Stura in Piedmont, JIauleon

in the Pyreni-es. Lcuchtenbn-giU is the same. KdmmtreTiU, with

5 to 8 chromium scsquioxide, is violet-blue or green ; Unst, Siberia,

.Pennsylvania. ShodxUromt and TalcrgiU arc also varieties.

633. Cusocn-LORZ {RipidoUte), 3MgSi + JIg,'Al-H4ft

.

Oblique prismatic, C. 76* 4'. cP 121° 28'. OP : P 113° 56';

OP: ooP 192*8'. Crystals -2P, P, 4P*oo, OP (n.m.t, P, fig. 494).

Twins common ; lustre vitreous or resinous. H. — 2

'to 3; G. — 2'6 to 2'8. B.B. becomes white, and
fniea on thin edges to a greyish yellow enamel.

C.c. : 30 3 silica, 17"3 aluminn, 403 magnesia, and
12 1 water. EJcntian and Blair Athole in Scotland,

Traversella in Piedmont, Aklimatovsk in Urals, West
Chester in Pennsylvania. Carnntdophyllite, Evi-

chlorite, and Ko'sdiuhcyite are varieties.

634. Pyrosclebite, (|li, jfe")3Si3-t-3fi

Right prismatic. CI. basal, perfect ; fractnrc uneven ; brittle

;

•ectile. H.-3; G.-2-7to2-8. Pearly; translucent. Apple-,

emerald-, and grey-green. C.c: alumina 13'4, chrome oxide 14,
protoxide of iron 35, magnesia 31"6, silica 37, water 11. Porto-

reiraio in Elba, China.

535. CUOXICRITE.

Massive; crystalline-granular and globular-radiated. H. — 2'5to

3 ; G. — 291. Weak silfey. White, with yellowish spots
;
greenish

tlue. C.c: 171 alumina, 226 magnesia, 12'6 lime, 35 '7 silica, 9

watei. B.B. fuses easily, with intumescence, to a grey glass. De-
composed by h. acid, with separation of silica. Colmonell (Ayrshire),

Porto-Ferraio.

636. Pyos-othop.

Large grained aggregates. CI. along two rectangular faces ; frac-

ture hackly, splintery. Greyish white to brown-red. Vitreous to

greasy. H. -2 to 23 ; G. -2-6 to 27. C.c: alumina 29-3, mag-
nesia 126, potash 4'4, silica 45, water 7'8. Waldheim in Saxony.

637. Thu^-oite, (JR, ft3-^J(Al, Fe))<Sij-f 4}f

Massiifc ; sSly. H. —2 to 2 5 ; G. — 3'2. Pearly. Olive-green to

pistachio-green ; streak paler. Very tough. Powder greasy. C.c:
alumina 16, peroxide of iron 14, protoxide of iron 33, silica 23,
water 11. Schmiedefeld in Thuringia, Harper's Ferry on the
Potomac, Hot Springs in Arkansas.

638. Delessite, (fei, Mg3).SijH-(AVt. *'cA)Si-f3a-*-2MgH.
Massive

;
scaly. H. -2 to 2-5

; G. —2-6 to 2-89. Olive-green to
dark green, passing to dark brick-red

;

streak light green. C.c: alumina 16'3,

protoxide of iron 12'6, magnesia 21, silica

31 '5, water 15 8. Common in igneous

rocks of Old Red Sandstone and Coal-

measure age in Scotland. Oberstoin,

Zwickau, Lagrevc near Miclin

639. Qbonstedtite. FeSi-h(Ke, Mg),

.

Rhombohedral; raaiated columnar. In
tapering hexagons, and hemihedral (figs.

Fig.495. (Sp.639.) Fig.496.

495,496). CI. basal, perfect; elastic H. -2-6; G. -3-3 to 35.
Vitreous. Coal-black and brownish black; streak dark olive-grcon.

C.c: protoxide of iron 39, peroxide of iron 29, silica 22, water 11.
Huel Maudlin in Cornwall. Przibram. Brazil (."?>'//• ao..i.-— ;,/„v

Talo and sebpentine Group.

640. TIlc, Mg,§i,-Hfi.

Right pri.«niatic (t) ; rarely found in six-sided or rhombic tables
;

generally massive, granular, or scaly. Rarely fibrous. CI. basal,

perfect; soft, sectile, and flexible in thin plates. H. — 1 ; G. — 26
to 28. Transparent in thin plates, and optically binaial; pearly
orresinons. Color.rless, but ponorally greenish or yellowi-sh white
to ap).lc- or olive-grcon. Feels very greasy. B.B. emits a bright
light, exfoliates, and hardens (H. —6), but is infusible ; with cobalt
•oludon becomes red. Not sol. in h. or s. acid before or after igni-

tion. C.c: 63 5 silica, 317 magnesia, and 4 "8 water. Unst in
Shetland, green ; Cairnie in Aberdeenshire, brown ; Greiner in

Tyrol, SaU and Falun, the Pyrenees. Used as crayons, also for

forming crucibles and for porcelain.

i^feo^iVc—Massive. Grey, red, yellow, or green. Shetland,

Sutherland, Portsoy, and near Kirkcaldy, Scotland; the Lizard

Point, Cornwall ; Brian9on, AVunsiedeL Savage nations cut the

steatite into culinary utensils.
.

roUtont is a mixture of Ulc, chlorite, and other minerali

541. PicnopilTLL, 8R.Si-f 2ft.

Right prismatic H. -2-5
; G. -375. Dark green. Foliated,

shining. C.c: magnesia 301, protoxide of iron 6-9, silica 49-8,

water 9 '8. Sala in Sweden.

642. Picbosmine, 2MgSWft.

Ri-ht prismatic, but massive. CI. ooPoo perfect, less so in other

directions ; sectile H. -25 to 3 ; G. -2-5 to 27. Translucent or

opaque ; vitreous, but pearly on ooFoo. Greenish white, grey, or

blackish green ; streak colourless. Yields a bitter odour when

breathed on ; hence the name. C.c: 65-8 silica, 3G-1 magnesia, and

S'l water. Prcsuitz in Bohemia, and Greiner in Tyrol.

643. Monbadite, 4(|JIg, ^fe)Si-hft.

Massive, foliated, translucent, and yellowish -grey. H. -6 ; G. -

3-27. C.c : silica 55-2, magnesia 31 9, protoxide of iron 8-8, water

4-1. B.B. infusible Bergen in Korway

644. MEERSOHAtTM, 2S'lgjSi3-f 4ii.

Fracture earthy ;. sectile H. -2 to 2-5; G. -O'S to 1 (when

moist nearly 2). Opaque, dull. Yellowish and greyish white; streak

slightly shining. Feels rather greasy, and adheres strongly to the

tongue. C.c: 54'2 silica, 247 magnesia, and from 9 to 21 7 water.

Negropont, Anatolia, near Jladiid and Toledo, Moravia, AVenn-

land.

545. Aphbodite, 4MgSi-f-H.

Soft and earthy. G. -221. Milk-white; opaque. C.c: 62-9

silica, 35 -3 magnesia, 11 '9 water. t.«n''ban (Sweden), Elba.

546. Spadaite, Slg5Si,-f4S.

Massive; fracture splintery ; sectile. H. •=2'5. Translucent,

resinous. Red, with white streak. C.c: 57 silica, 31 '6 magnesia,
11 '4 water. Capo di Bove near Piome.

547. Gymnite.

Massive. H. =2 to 3 ; G. — 1*9 to 22. Translucent ; resinous.

Dull orange-yellow. C.c: 41 silica, 37 magnesia, 22 water. Tyrol,

Passau, Texas, Barehills near Baltimore. Kickcl Gymnite has 29 of

nickel oxide, replacing the water. Unst, Texas, Pennsylvania. .

548. Saponite, (i'eCaSlg)eSig-f(Al3Fe)Si-) ISS
Massive ; sectile, and very soft. H. =1"5

; G. — 2'2 to 2'3. Wliite,

orange-yellow, pale green, and reddish brown. Feels greasy ; does not

adhere to the tongue ; falls to pieces in water. C.c: silica 40
'8,

alumina 7"5, ferric oxide 3 '9, magnesia 20 '6, water 227. Occurs
in all the above colours in the later igneous rocks of Scotland, com-
monly. Lizard Point and St Clear in Cornwall, and Dalecarlia in

Sweden. Fimelite has 2 '8 oxide of nickel.

649. Serpentine, 2MgSi-fMgH3.
Crystallization uncertain ; pseudomorphic after olivine, !:c ;

generally massive, and granular or fibrous ; fracture flat-con-

choidal, uneven, or splintery ; sectile, and slightly brittle.

H. =3 to 3-5
; G. =2-5 to 27. Translucent to opaque ; dull resin-

ous. Green, grey, yellow, red, or brown; often in spots, stripes,

or veins ; streak white, shining. Feels greasy, and does not adhere
to the tongue. In the closed tube yields water, and becomes black.
C.c: 43 '5 silica, 43-5 magnesia, and 13 water; but with 1 to S iron

protoxide, and also carbonic acid, bitumen, and chrome oxide.
Varieties are— (1) Noble Serpentine, brighter coloured, 16H„0,

and more translucent; (1) Picrolite, or fibrous (H. = 3'5 to 4 '5);
[Z) Common, or compact; (4) Chrysotile (Ballimorile, Melaxite), in

lino asbestiform fibres, easily separated, with a metal''c or bilky
lustre (G. -2-219).
Common in Shetland, Urquhart, Portsoy, Ballantrae ; Lizard

Point in Cornwall ; Norway, Sweden, North America. Chrysotile
at Colafirth and Fetlar, Shetland, Portsoy, Towanreif, in Scot-
land; Roichensttin in Silesia, the Vosges Mountains, and North
America. Serpentine is often a product of decomposition^ or pseudo-
morph of various minerals, as ou^te, hornblende, olivine, spinel,

enstatitc, garnet, kc. It foims whole rocks and mountains, and is

manufactured into various ornamental articles.

650. Marmolite, 3MgSi-l-2Mgft2.

Oblique prismatic; often foliated. H. =2'5 to 3; G. — 2-41 to
2'47. Lustre pearly. Greenish white, bluish white, and asparagus-
green. C.c: silica 421, magnesia 38-5, water 17'5. In veins
in serpentine of Urquhart aud Portsoy (Scotland) Cornwall, Fin-
land, Hobokcn.

651. Ahtiqorite.

Thin flat lamina;. H. -2-5 ; G. -2-6. Translucent. Green with
brown spots ; streak white. C.c : silica 40 '8, magnesia 36-3, prot-
oxide of iron 5-8, water 124. Antigorio iu Piedmont
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552. Htdkophite, (Mg, Fe)jSi3 + 4S.
Massive and fibrous. H. =3 to 4 ; G. — 2'65. Mountain-green to

blue-black ; streak paler. C.c. : silica 36 '2, magnesia 21 'l, protoxide

of iron 227, water 16. Taberg in Sweden, New^York.

653. VlLLARSlTE, 2ilf;2Si-fS.

Right prismatic ; crystals P, OP, meeting at 136° 32', jften twins
in triple combination; also granular. H. — 3 ; G. =2'9 to 3. Trans-
lucent. Greenish to greyish yellow. C.e.: silica 39'6, magnesia
47 •4, protoxide of iron 3 '6, water 5 "8. Totaig, Koss-shire ; Traver-

sella, Piedmont ; Forez, France.

654. Pyrallolitb.

Obliqne prismatic, C 72° 56' ; columnar and grannlar. Ct.

basic and hemidomatic, meeting at 94° 36' ; fracture splintery
;

brittle. H. -3'5 to 4 ; G. =2'6. Translucent on edges ; resinous.

Greenish to yellosv-grey. C.c: silicate of magnesia and water.

Storgard in Finland.

655. Dekmatine, (Slg, f'e)Si-h2fi.

Eeniform ; stalactitic; fracture conchoidal ; brittle. H. -»2'5;

G. =2'1. Kesinous. Blackish green ; streak yellow. Does not
adhere to tongue. C.c: silica 38, magnesia 22, protoxide of iron

12, water 23. Waldheim in Saxony.

656. CHLOR0PH.EITE, S§i -I- S^Sij -^ 4fi

,

Massive, rarely reniform. Coating or tilling up geoaes m amyg-
daloidal cavities. H. =1'5

; G. =2-02to2'3. Seotile ; fracture con-
choidal. On first exposure transparent and olive-green to orange-
yellow, but Boon changes to black and opaque, splitting ia so

doing. Vitreous to shining. B. B. melts to a black glass. C. c.

:

silica 36 "2, alumina 8 "9, peroxide of iron 13 '8, protoxide of iron

2"4, lime 3 •8, magnesia 10, water 24 '8. Eum and Canna in the
Hebrides, Giant's Causeway. " The orisinal mineral from Kum has
22'8 iron peroxide and no alumina.

557. FOECHHAMMESITB, feSl-hett.

Granular massive. Subresinous to dull Dark green. H. =2j
G. ""I'S. C.c: silica 32-8, protoxide of iron 21 '6, magnesia 3

•<,

water 42 '2. Faroes.

658. KiRWANITE.
Fills druses in amygdaloids with divergent sheaf-like crystals.

H. = 2 ; G. " 2 '9. Opaque. Olive-green to dark green. C. c. : silica

40-5, alumina ll'l, protoxide of iron 23'9, lime 19'8, water 4'4.

Loch Baa in Mull ; Mourne Mountains in Ireland.

559. GLAtJCONITE,

Round grains. Dull resinous. Light green. C.c: silicate of
protoxide of iron and potash. Ashgrove near Elgin ; gretosand
of England, France, Germany, and America.'

660. Celadonite, 3Rsi,-^S2SiJ+6S
Massive, forming crusts, as of agates. Earthy, sectile. H. = 1

to 2; G. =2'6 to 2 '8. Opaque, shining. Bright green. Feels
greasy. C.c: silica 54, alumina 3'8, ferric oxide 11-9, ferrous oxide

B'4, magnesia 6 '8, potash 7 '9, water 10. Orkney, Rum, and
Fifcshire in Scotland. Giant's Causeway, Veroua, Faroes, Iceland,

Cyprus, Bohemia.

661. Stilpsomelane, 2(Pe, lig)Si-f SlSi-f2EE.

Massive or radiating-foliated. One el. perfect ; brittle. H. = 3 to

4; G. —3 to3'4. Opaque; vitreous to pearly. Greenish black. C.c.s
45 '3 silica. 6*9 alumina, 38'3 iron protoxide (with 2 to 3 magnesia),

end 9 '5 water. Zuckmantel in Silesia and Weilburg in Nassau.

662. Chamoisite.

Oolitic and massive. H. =3; G. =3to 3'4. Greenish grey to

black; streak paler. C.c: silica li Z, alumina 7"8, protoxide of

iron 60"5, water 17'4. Chamoison (or Chamoson) in Valais, the

Vosges. Berthicrine has 75 protoxide of iron and 6 of water

;

Moselle.

AuoiTE AND Hornblende Group.*

Hornblende and augite rather represent groups of mineral sub-

stances than single species. They are best distinguished when
imperfectly formed, by the cleavage and angles of the prisms.

563. Enstatite (ChladmiU), ftgSi.

1 Hornblende and angite agree ao closely la crystalline forms and chemical com-
po<)iUon that It has eometimes been proposed to unite them in one species. They,
however, differ too widely to justify their union. Hornblende is more fusible,

and ranges lower In specific gravity (hornblende from 2-931 to 3*445, auRite
3"195 to 3-525). Ihough both possess a cleavage parallel to their vertical

prisms, yet these differ in angular dimensions :—hornblende 124° 12', augite 87*

6'. They also occu.- Indistinct geognostic positions:—hornblende In rocks con-
taining quartz cr free silica, and mostly with minerals that are neutral compounds
of silica, as crthoclase and albite ; augite in rocks that do not contain free silica,

and mostly with mineials that are not neutral silicates, as labradorite, olivine, and
leucite. Hence there are two distinct series of massive or igneous rocks :—the
hornblende series, including granite, syenite, diorite, dioritc-porphjTy, and red
porphyri^ and the augite sedcs or hypersthene rock, gabbru, dolerite, nepheline
rock, augite-porpbyry, and leucite-porphyry.

«l

Right prismatic ooP 92° to 93° ; crystals ooPoo (a) -"t^oo ib\

ccP (m), iPco (/,-), JPoo (5),

iy<o{^-\, JP (t) (fig. 497)
UjiaLf i-rbedded, or indis
tinct gra'.;ular masses. CI,

macrodiagonal very perfect,

prismatic ooP distinct, brachy-
diagonal imperfect. H. -.5'5

G.- 31 to 3-3. Translucent
throughout, or only on the
edges ; vitreous or pearly on
the more perfect cleavage-
planes. Colourless, greyish
or greenish white, yellowish,
or brown. Not affected by
acids. B.B. al.aiost infusible. Fig. 497.

C.c: 60 LJlica and 40 magnesia, but with 6 to 8 iron protoxide,
1 to 2 alumina, and 1 or 2 water. In olivine and serpentini
rocks in Moravia, the Harz (Baste), and the Pyrenees.-

664. Bronzite {Schiller Spar, Baslile), (Mg, ]?e)Si.

Right prismatic ooP u° ; only granular and foliated. CI.
brachydiagonal perfect, -prismatic less so; fracture uneven, splin-
tery. H. -4 to 5; G. -3 to 3-6. Translucent on thin edges;
metallic pearly. Green, inclining to yellow or brown. Imper-
fectly sol. in h. acid, wholly in s. acid. B.B. becomes magnetic,
and fuses in very thin splinters. C.c: 43 silica, 26 magnesia, 2-7
lime, 7-4 iron protoxide, 3-3 iron peroxide, 2-4 chrome oxide, l"?
alumina, and 12-4 water. Baslile is possibly altered enstatite.
Belhelvie and Black Dog in Aberdeenshire, Baste, Tyrol, Baireuth,
Styria.

665. Paitlitb (Hypersthene), (fe, %)§i.

Right prismatic ooP (m) 93° 30', P2 (c), 2P2 (i^ ?Pf (uy

oop2 (n), JPoo (h), ooPoo (a), oopoo (6), iPoo (i), 2Poo {d).

Granular or disseminated. CL brachydiagonal very perfect,
prismatic ooP distinct, macrodiagonal very imperfect. H. — 6;
G. = 3 '3 to 3 4. Opaque or translucent on thin edges ; vitreous oi
resinous, but metallic pearly on the cleavage planes, of which one ia

•^>v copper-coloured to violet or silvery. Pitch-
black and greyish black ; streak greenish grey

u\/-; ";\ or pinchbeck-brown, inclining to coppec-rei
Not affected by acids. B.B. melts more a»

f^^h

Fig. 498

less easily to a greenish black glass, often magnetic. U.c : gene-

rally 46 to 58 silica, to 4 alumina, 11 to 26 magnesia, 1 to 5

lime, 13 to 34 iron protoxide, to 6 manganese protoxide. Portsoy

and Craig Buroch in Banffshire, Barra Hill in Aberdcenfhir*, Paul's

Island, Labrador, and Greenland. Crystals occur in sanadino

bombs at Lake Laach {Ambhjslegile), and in meteorites of Breiten-

bich. Hypersthene rock in Norway, Elfdal in Sweden, Cornwall

(?), the Harz, and Canada. Chemically enstatite and paulite pass

into one another ; the essential difference is that the axial dispersion

is uniformly p-ii/ in the former, and the opposite in the lat+or.

566. 'Wollastonite ( Tabular Spar), CaSi

.

ObUque prismatic, C 84° 30'. ooP 87° 18', OP (« or A'),

QoPoo (cor^), ooP^ (5)110° 7',

ooP»2 {x or e') 51°, - Poo (v) 44*

27', ^Poo (a) 69° 56' (fig. 600).

Rarely crystallized, mostly
broad prismatic or laminar.

Frequently fibrous. CI. along

OP and osP'oo perfect, but

planes uneven or rough ; meet
at 95° 23'. H. -4-5 to 6 ;

G. = 2 8 to 2-9. Translucent

;

Rg. 600
vitreous or pearly on cleavage.

White, inclining to grey, yellow, red, or brown ; streak white.
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Phosphoresces with hut or friction; gelatinizes in li. acid. B.B.

difficultly fusible to a s«mitranspareDt glass. C.c. : I>1°7 sili;a

and 4S-3 limr, but with
to 2 magnesia and to 2

iron protoxide. Glen Gaim,
Crathie, ic, in Aberdeen-
•hire, Urquhart in Inver-

leas, Skyo, Ban.tt, Finland,

Sweden, Vesuvius (fig. 501),

North America, Ceylon, Capo

Ji Hove.

667. Apoite {Pyroxtne),

kSi-(Ca, % ye)§i.

Oblique prismatic, 74*11'.

»P87^6'; P(j:») 120° 48';

-P(u) 131*30'; 2P(o) 95*

48'; OP; 3P ; aPooo. In fig. 130 ooP (i/), ooP»oo (r), ooP«a>

('),P[>); also rarious twins and hcmitro^ of same form (figs.

191, 502, S03). Almost always prismatic, imbedded, or attached
;

also granular, columnar, and scaly. 01. prismatic along ooP (with

Fig. JOl (sp. 566).

fig- 502. '
Fig. 503.

angles of 87* 6' and 92* 64'), generally rather imperfect ; ortho-
diagonal and cUnodiagonal imperfect. H. - 5 to 6 ; G. - 3 to 3 5.

Pellacid in all degrees; vitreous; in some pearly on ooP''oo. Colour-
less, and white, but usually grey, green, or black. B.B. generally
fusible; imperfectly soluble in acids. C.c. generally as foSows :

(o) Magnesia augitc
(6) MigDesia-lron augite
(c) Iron augltc-

i6-22
62 -72

4906

25 M
23-81

22-23

Magnesia.

18-24

8-W 14-97

28-65

Analysis gives 47 to 56 silica, 20 to 25 lime, 5 to 15 magnesia,
1 to 20 iron protoxide, with to 3 manganese protoxide and to 8
alumina. The alumina, chiefly found in very dark green or black
augitcs, may in some replace cither si.'ica or part of the silicate.
The more important varieties arc
ZX^riofe -Greyish or greenish white, to pearl-grey or leek-green;

streak white. Crystallued or broad columnar, or concentric
UmellM-. Transparent to translucent on the edges. Not afl'ected
by acids. B.B. fuses to a whitish scmitransparent glass. c -

eenerally Iime 26 and magncsial8-5, with 55-5 silica. Mussa Alp
{JfutnU) and Ala (Alahle) in Piedmont, Schwarzenstein in Tyrol
Scandinavia, Finland, Urals, and North America

'

MalacoHU, SahliU-WUto, green, rarely yellow, brown, or red;
streak white. Translucent, or only on
the edges; vitreous, inclining to pearly.
Seldom crystallized, mostly cohimnai

Fig. 505.

Fig. 604.

er lamellar. B.B. melts to a dark-
coloured glass. Malacolito common in
primary limestones in Scotland, as at.J ^u...».uu..a 111 uuunttna, as ai
^hinnesa, Lcdbee (fig. 606), and Glen Fig. 606.

Fassa Valley {Fossil,). Piedmont, Arendal, Plnlipstedt in
Tilt

Sweden; Lake Baikal (Baitalik): near Lake Lherz in the Pyrenees

(Lherso'nu) ; Sala (or Sahla) in Sweden (Sahlite) ;
Shinncss (figs.

504, 506), Glenelg, Tiree, in Scotland ; Tyrol ; North America.

CoceoliU is a granular sahlite or augite.

.,4u^<*.—Leek-green, greenish black, or velvet-black, rarely

brown ; streak greenish grey. Vitreous to resinous ;
translncent

or opaque. Only slightly affected by acids. B. B. fuses to a black,

often magnetic glass. An essential component of many rocks,

as basalt,°dolerito, clinkstone, and augite porphyry; Germany,

Auvergne, Vesuvius ; St Kilda, Rum, Tireo, Dalnain, and Urquhart

in Scotland. Augite crystals in basalt often contain very many mi-

croscopic crystals and glasses ; also pores with fluid carbonic acid.

2fu<i$oniY«.—Cleavablo lamellar, and jet-black, with green streak

and bronzy tarnish, from the Hudson river ; the most highly ferru-

ginous variety.

.,<mton(Ai«.—Some asbestiform minerals are sngite, but the

greater number hornblende.

.Br<«;aci-i(«.—Fine yellowish or brown woolly crystals. Vesuvius,

and Capo di Bove near Kome.

668. DlALtAOE, (Ca, %, fejS'i.

Like augite, and only a variety with very perfect cleavage in

the clinodiagonal, which forms with a second cleavage an angle of

87°. Lustre metallic pearly ; colour grey or pinchbeck-browu.

H. — 4; G. — 3-23. B.B. melts easily to a greyish or greenish

enamel. C.c: 50 to 53 silica, 1 to 5 alumina, 15 to 23 magnesia,

11 to 20 lime, and 5 to 20 manganese protoxide. Constituent of

the augite rock of the Cuchullins in Skye and of the gabbro of Unst
and Ayrshire. Baste in the Harz, Silesia, the Alps, Apennines,
and Urals. Vanadine-BTonzile, containing soda and vanadic acid,

is similar. At Craig Buroch (Banffshire) diallage passes in paulite.

569. Jeffersonite.

Oblique prismatic. 01. prismatic ooP 87° 30', and orthodiagonal.

H. — 4 '5
; G. — 3 '3 to 3 '5. Dark olive-green, brown to black. Lustra

greasy. A manganese and zinc augite, with 10 '2 protoxide of
manganese, and 10-15 oxide of zinc. Sparta in New Jersey.

570. ACMITE, 2FeSi3 -^ 3ftSi

.

Oblique prismatic. Crystals long often acute-pointed prisms.

ooP 87° 15', <xP« (r), P(s), 6P (o), - 6V'3if) (figs. 507, 608). . CI
like augite. H. =6 to 6-5;

G. =3-4 to 3-6. Nearly ^ f />
opaque; vitreous. Brownish ^ ^vv
or greenish black ; streak
greenish grey. Imperfectly
soluble in acids, B.B. fuses
easily to a black magnetic
glass. C.c: 52 silica, 30 iron
peroxide, 5 iron protoxide,
and 13 soda, but with 1 to 3
manganese peroxide, and also
3 to 4 titanic acid. Eger and
Porsgrund in Norway.

571. .£afiEI^•E,&JSi5^8Si

-h2J>faSL

Oblique prismatic; striated
or reed-like prisms of

(Sp. 570.) Fig. 503.Fig. 507

- . , .... ,
-

° SO' to 87° 45'. CI. orthodiagonal per-
lect, less distinct clinodiagonal, and prismatic H. =5-5 to 6;
G. -3-4 to 3-5 or 3-6. Vitreous; translucent on edges, or opaque.'
Greenish black B.B. fuses easUy, colouring the flame yellow.
Scarcely affected by acids. C.c: 49 silica, 31-7 iron peroxide,
6 6 iron (and manganese) protoxide, and 12-7 soda, with a little
magnesia and potash. Has the same relation to augite as arfved-
sonite to hornblende. Near Brevig and Barkevig in Norway.

672. Spodume.ve, 4'AlSi3 + 3(£i, }*a, ft)Si.
Oblique prismatic, 69° 40'. ooPS7°(fig.509) 01 prismatic ooPand orthodiagonal, perfect; chiefly massive

Pn^matic oor

or foliated. H.-6-5 to 7; G.-31 to
3 -2. Translucent ; vitreous or pearly.
Pale greenish grey or white to apple-
green

; streak white. B.B. Intumesccs
slightly, tinging the flame momentarily
purplish red, and fuses easily to a colour-
less glass. Not affected by acids c •

65 silica, 28-7 alumina, and 6-3 lithia.'
Killiney nenr Dublin, Uto in Sweden.
TjTol. .ffiH»i.<« (sp. 651), from Killiney.
seems to be decomposed spodumene.

673. PkiAOTB (Castor), 4AJSi,-f3(ii
I*a)Sij.

S4'°»n'r° fc*"*- Castor has C 67*

angular pnsms, petajito being massive Fig- 609 (sp. 572).
coarse granular. CI. basal, distinct; in a second flirection

\

and



iViINERALOG'i: 417

Fig. 511

(meeting at 1414°) less so. H. =6-5 ; G. -2-4'to 2-5. Greenish,
greyish, or reddish white to pale red. Translucent; vitreous or

pearly. B. B. melts easily into a porous obscure glass, colouring
the flame red. Not affected by acids. C.c. : 78'3 silica, 17'4 alu-

mina, 3 2 lithia, and I'l soda. Uto, Bolton In Massachusetts,
York in Canada. Castor in Elba. Milarite, valley of Hilar,
Switzerland.

574. Rhodonite {Manganese-Spar), SlnSi
.'

Anorthic. <x^x(a); oopoo (6); OP(c); ooP'(«); f'oo (i) ; Poo(s);

'f'oo [o) ; ni'P'oo (0: a : h 111°9' ; c : o 93° 28' ; n : o 106° 19'; but
chiefly massive or granular.
CI. ooPoo and OP, meeting
at 87° 38', perfect ; brittle.

H. = 5 to 5-5; G.=3-5 to

37. Translucent ; vitreous

or partly pearly. Dark
rose-red, bluish red, or red-

dish brown. Not affected

by acids. B.B. fusible.

C.c: 45 8 silica and 64-2

manganese protoxide, with S- olO.

3 to 6 lime and to 6 iron protoxide. St Marcel, Lingban.
Ekaterinburg, the Harz, and New Jersey. Bustamite, pale

freeaish or reddish grey, with 14 lime, Mexico ; FowUrite, New
orsey, with 7 to 11 iron protoxide; and Paisbergiie, Sweden, are

varieties. Sydropite. Photicite, Allagite, and Horn-Manganese
are mere mixtures.

575. Babingtokite, 9((!!a, t'e, lin)Sd-^F'eSi3.

Anorthic. Crystals very low eight-sided prisms, email, attached,
gr : A 90° 24' ; c:a 87° 27' ; a ; J 112°

12* ; b:d 81° 8'
; c : d 150° 10' (fig.

611). CL basal (c), very perfect; also

along h. H. =5-5 to 6; G. =3-3 to
8'4. Thin laminje translucent. Splen-
dent vitreous ; black. Not affected by
acids. B.B. fuses easily with efferves-

cence to a black magnetic bead. C.c;
60'7 silica, 11 iron peroxide, 10'3 iron

protoxide, 7 *7 manganese protoxide,

and 20 3 lime, in the Arendal speci-

mens ; one from Nassau gave about
17 of peroxide, with protoxides only 11. Tongue (Sutherland),
Portsoy (Banffshire), Arendal, Nassau; and Gouverneur (New
York)

676. SZABOITE, llSeSi3-lr2(!!aSi

Anorthic ooP'(i); oo'P (m) 88° 40' ; ooPoo (6); ooPoo (a); F(p);

'P(o); 2'lr',oo ()/); 2P'«) (x) (fig. 512). H.=
6 5; G. — 3'5. Brownish red to. reddish

yellow. Pleochroic C.c. : silica 52 '4, per-

oxide of iron 4 4 "7, lime 3'1. Slightly soj.

in 8. acid, more so in h. acid. Calvario on
Etna, Mont Dore.

677. Anthophylute, 3^'IgSi-^FeSi.

Eight prismatic. ooP 124° 30'. CI.

jnacrodiagonal, perfect. Clove-brown to

purplish brown and leek-green. Trans-
lucent; radiating and foliated. Pearly on
cl. plane. H. -55 ; G. =32. C.c: silica

65 '9, protoxide of iron 16'7, magnesia 27'8.

fusible. Hillswick, Shetland ; Kongsberg and Modum, Norway
;

Greenland, and the United States.

678. Hornblende.
Oblique prismatic (figs. 513 to 517; see also ng. jH2). Distinct

cleavage in several directions. H. = 4 to 6, but generally 5 (will

scratch with knife); G. =2-5 to 4 0, but mostly high. Mostly
coloured. Lustre vitreous, in some silky or metallic pearly. Sol.,

but not very readily, in acids; more or less easily fusible. C.c;
anhydrjus silicates and aluminates of lime, magnesia, iron pro-
toxide; more sparingly of soda, yttria, and manganese protoxide.
The chief species form by their decomposition highly fertile

soils.

AmphiboU.—Oblique prismatic, 75" 10'. o^if i24' 30', P
148° 30'. The crystals short and thick, or long and thin prismatic

;

formed especially by ooP (m), ooP'oo (x), and bounded on the
ends chitlly by OP (p) and P (r). 'Twins common, with the
chief axis the twin axis. Very often radiated, fibrous, or columnar,
or granular. Cl. prismatic along ooP 124^°, very perfect;
orthodiigonal and clinodiagonal very imperfect. H. = 5 to 6 •

G. — 2'9 to 3 '4. Pellucid in all degrees; vitreous, but sometimes
pearly or silky. Colourless or white, but-usually some shade of grey,
yellow, green, blown, or black. B.B. fuses, generally intumescing
»nd boiling, to a grey, green, or black glass. Tho^e containing

Pig. 512 (sp. 576).

B.B. very difficultly

most iron are most lusiuie, and are also partially sol. in h. acid,
which scarcely affects the others. C.c. very variable ; the silica

is partly replaced by alumina, specially in the green or black
varieties; RO is chiefly MgO, CaO, and FeO. Lime is the most

Fig. 513. Fig. 514.

constant element, in most from 10 to 12; magnesia and iron protoxide
replace each other, the one Increasing as the other diminishe8.

With 4Si and ft = 2liig-l-lCa-(-lf'6, the average composition is 53-6
silica, 17"8 magnesia, 12-5 lime, and 16-1 iron protoxide; but

Fig. 515. Fig. 516, Fig. 517.

analyses give 40 to 60 silica, to 17 alumina, to 30 magnesia,
10 to 15 lime, to 36 iron protoxide (or peroxide), and to 4
manganese protoxide, to 8 soda, to 3 potash, and to 1'5
fluorine with a little water.

The more important varieties are

—

Amianthus, Asbestos, and ByssoUte, 2i'lg'Si -H CaSi . Jjinenbrons.
White, grey, or green. The fibres often easily separable, elastic,

and flexible. Unst, Shinness, Portsoy, Savoy, Tyrol, Corsica.

Tremolite, Grammalite, 3MgSi -(- CaSi, with 58-35 silica, 28 '39

magnesia, and 13 '26 lime. White, grey, green ; in long prismatic
crystals, often striated longitudinally. Pearly or silky ; semi-
transparent or translucent. B. B. fuses readily to a white or nearly
colourless glass. Loch Shin (Sutherland), Glen Tilt, Glenelg,,
Tiree, Cornwall, Cumberland, Sweden, the Alps, Pyrenees, Silesia,

Siberia, North America.
Nqyhrite, or Jade, is a tough, compact, fine-grained tremolite, with

H. -6 to 6-5; G. -29 to S'l. Fracture close splintery. Very
tenacious. Translucent ; dull to resinous. Leek-green to blackish
green. Feels slightly greasy. Formerly made iuto ring-stones,

amulets, idols, and war axes. New Zealand, China, Mexico, Peru,
Balta (Shetland).

Actinolite, Aclinole, or Slruhlstein (Ca, J'lg, Fe) Si . Colour
green, inclining to black, grey, or brown. Translucent through-
out, or only on the edges. Long prismatic crystals, or radiated-

columnar masses. B.B. melts to a greenish or blackish enamel.
Fethaland and Colafirth and Hillswick (Shetland), Oronsav. Onl
B.in (Inverness), Sweden, Tyrol, North America.

Hornhlcnde.—6RSi-HfijSi3. Green or black, seldomer brown or
grey. G. -31 to 3-3. B.B. fuses rather easily to a yellow,

greenish, or black enamel. Three varieties are distinguished, (o)

The noble or Pargnsitc, pale celadon- or olive-green, and strong

pearly or vitreous lustre ; at Pargas in Finland, Tyrie in Scotland.

(6) Common hornblende, dark leek- or blackish -green, opaque
;

streak greenish grey. A constituent of many rocks, as in Norway,
the Alps, and Scottish Highlands (Ballater, Ben Arihaar, ?len-
bucket, Colafirth). (c) Ba.'altic, foliated, with bright even cleavage,

opaque, velvet-black; streak ,^rey or brown Generally contains
alumina (9 to 15) and much (5 to 11) iron peiov.de. In basalt and
volcanic rocks; Etna, Vesuvius. Rhineland, Bohemia.
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579. AnFTEDsomTB, ItSi +yc§i,

.

Oblique prismatic. ooP; aVx ; P; 2P*a> 120°24'; OP. CI ooP
I2-4* 2'}^, perfect; also OP. Massive. Black; opaque. Vitreous.

H. — 6; 0. — 344. C.c. : silica 43, alumina 45, peroxide of iron

J -8, protoiiJo 34, lime 67, soJa 8 5. Streak dark blue-grey.
Fusiblti in fine splinters in the flame of a candle. B.B. intu-
mesoes and mclls easily to a black magnetic globule. Not sol.

in acids. Eangrrdluarsuk in Greenland, Fredcriksfarn, Arendal,
El Paso in Colorado.

680. PiLOLlTE, lilgSij+'AlSij + lSft .

Felted or matted fibres more or less dense. Cream yellow to
buff. Dull ; extremely tough ; absorbs water like a sponge.
H - 1 to 2-5

; G. - -63 to 1 -34. Structure varies considerably, and
h»3 given rise to trivial names, iis mountain paper, mountain

• leather, mountain flesh, rock cork, ice. Mountain Paper occurs in
thin sheets at Boyne Castle near Banff ; Mountain Leather, Burn
of the Cairn (Cabrach), Tod Head (Kincardineshire), Leadhills,
Strontian ; Sock Cork, Portsoy and Boyne Castle, Saxony, and
Sweden. C.c. : silica 51-6, dumina 8-6, ferrous oxide 2'88,
magnesia 10 '2, water 23 '3.

681. Krokidolite, 3FeSi + (}^a,Mg)§i. + 2ft.
Delicate, easily separable, but tough fibres ; elastic. H. - 4

;0.-3-2 to 3 3. Translucent ; silky, fndigo-blue ; streak lavender.
B.B. fuses easily to a black magnetic glass. C.c: silica 60-3, iron
protoxide 35, magnesia 2 2, soda 67, water 5-8. Staveru in
Norway, Greenland. A fibrous yellow mineral from Orange river.
South Africa, has been referred here ; its fibres are not separable,
and its hardness is 7. Abriaclianile, a very similar mineral, of blue
colour, occurs near Inverness.

682. Gl.\itcophake, 9ftSi + 2AISi3.
Oblique prismatic. CI. prismatic, perfect ; fracture conchoidaL

H. -5-5; G. -3-1. Translucent; vitreous to pearly. Indigo-
blue, grey, bluish black. B. B. becomes brown, fusing easily to
olive-grecn glass. C.c: silica 565, alumina 122, protoxide of
iron 10-9, magnesia 8, soda 9 3. Island of Syra.

583. Heumanxite, finSi

.

Granular and arborescent. Rose-red. G. =3-4. C.c: protoxide
of manganese 467, silica 48-9, lime 2, magnesia 2-4. Cummington
in ilaisachusctts.

584. GncNEftiTE, f'e§i.

Asbestiform. G. -37. Brown ; silky lustre. C.c: protoxide of
Jron 51-55, silica 45 45. lit. des llaures (Var).

585. loLiTE (Cordierite, DichroiU), 'AMi^ + 2(ilg, f'e)Si.
Right prUmatic. ooP (/>) 119° 10', middle edge o£ P 95° 36'.

Form ooP (T), 00Poo (I), OP (m) ; and this with ooP« (i),

oofs (rf), fco (n), and JP (s), (fig, 5I8); short, prismatic CI.

ocPoo distinct, traces along Poo
; fracture conchoidal or uneven.H.-7 to 7-5; G.-2-5 to 27. Trans-

parent or translucent
; vitreous, inclining

to resinous. Colourless, but chiefly dark
blue, or violet, green, brown, yellow, and
grey. Often with distinct trichroism ; on
OP blue, on ooPoo grev, and on oopoo yel-
lowish. B.B. fuses difficultly to a clear
glass; slightly affected by acids. C.c- 43
to 61 silica, 29 to 33 alumina, 8 to 13 ma-'-
nesia, 1 to 12 iron protoxide. Cabo do Gafa
in Spain, Bodcnmais (Pdiom), Orijerfvi in
Finland (i>tci>iheiliU), Norway, Sweden
Greenland. North America, and Siberia.' m— ,.-^
Small rolled masses of an intense blue colour Nsgr"^
C-"

.":*"y'?,'''"". ^0"nJ in Ceylon, aro the Fig 618

^TuTn^" °l
LuchssappMr of the jewellers.

^'

I ho following have been considered cordierite altered, or with 2 to
3 atoms water :-(a) Bmiforjilc, Hydrous loliU, green sh Wn 0°
dark ol.vc-grecn

; near Abo. (A) Ssmarkite. C/,wSw? kr^.

^Ip3]
Norway, Unify in Mnine, and Ha.ldam in Connecticut

t f2 6 toS gI-1' 'm"'- rr''^ ''™"" »' blac'^ol ted'-;

^t'o^h^."^;- ^"'"S ", ^'"r "• ^- f'«^ '» » f^"- somet "rc'ear

p>

519.

the United States, and Greenland (GieseckiU, sp. 660). Oosite from
Geroldsau in Baden, snow-white, opaque, fragile, is similar, (h)

GigantoliU ; H. -3-5
; G. — 2 8 to 2 9; opaque, dull resinous, and

greenish grey or brown ; B. B. intumesces sli^'htly, and fuses easily

to a greenish slag ; Tammela in Finland. (i) Pruaeolite, lamellar

and green; Brovig in Norway.

686. Emerald (Beryl), AlSi, + s6lSi

.

Hexagonal; P59°53'. Crystals of ooP, OP, and 00 P, 00P2, OP, f
(a, p, c, s, fig. 619) are prismatic,

generally with vertical Btrise. CI.

basal, rather perfect; ooP im-
perfect. H. =7-5 to 8; G. =2-6
to 2 8. Transparent or trans-

lucent ; vitreous. Colourless or

white, but generally green, some-
times very brilliant; also yellow
and smalt-blue. B. B. melts with
difliculty on the edges to an obscure
vesicular glass. Not affected by
acids. C.c: 67-5 silica, 18-7

alumina, and 13-8 glucina, with
3 to 3 iron peroxide, and 3

to 3 '5 chrome oxide in the rich
green emerald. EiTierald, bright
green ; G. =2-710 to 2-769; occurs
in Muso Valley near Bogota, also
in Salzburg and the Urals. Beryl, or Aquamarine, colourless, or
less brilliant; G. =2-677 to 2725 ; near Mursinsk and Nertchinsk
in Siberia, Salzburg, and Brazil ; in the United States, where at
Grafton, between the Connecticut and Merrimack, crystals 4 to
feet long, and weighing 2000 to 3000 ft, occur

; Mourne Moun-
tains in Ireland

; Mount Battock and Cairngorm in Scotland (fig.
98). Common, Beryl at Falun in Sweden, Possum in Norway
Limoges in France, Kabenstein in Bavaria, Nigg Bay and Pitfodela
and Kubislaw near Aberdeen (Davidsonite), Struay Bridge (Ross),
tmerald and beryl are much valued as precious stones. Known
from quartz by face p. Forms shown in figs. 92, 95, 96, 97, 98, 278.

687. LE0COPHANE, 6C'iiSi-^3G^Si-l-2NaF.
Eight prisniatic ooP 91°. CI. basal perfect H.=3-5to4;

^'d J
^-Pellucid. Wine-yellow to olive-'green. Vitreooa.

B.B. fuses to pale violetblue bead. C.c: silica 47, lime 23-4,
glucina 10-7, soda 11-3, fluorine 6-6. Lamb in Norway.

588. Melinophane, 7(R3SiJ)-^6NaF.
PjTamidal. P 122° 23'. Mostly lamellar. ±i.=.5- G =3-

Honey-yeUow to citron-yeUow. Brevig and Frederiksvarn.

Felspab Group.

_
Crystallization oblique prismatic or anorthic ; very similar both

in aspect and m angles. CI. vc^y distinct, especially the basal P-,
less so the clino- or brachydiagonal M. G. =2-.l to 3 2, but mostlv

tU^ R 'c r -If \ ^'"'? '"°''°- Slightly or not at all soluble in
acids B.B. fusible, but often with difficulty. Translucent; pur>-
vaneties transparent. Colourless, white, or shades of red ; lesscommonly o green or yellow. C. c. : anhydrous silicates of alumina,and of an alkali or alkaline earth.

nn.T,''/-'"'''"''-"^
are very important constituents of the earth's crust,

^H^fi # '" ."^f'y
"'!.*''' 'g'"=°"« ""'^'' and in many of the

nnrf n°f 2/ °\ ^"'°V"e°^< ^^^ in the latter state form a larj^^

n^n ,ll
""'' '""^ "'"y^-

.
^y *''^ "'"J^f mineralogists and S

?T„ „f V"""''^° u""i"y "P^"'" '''^ conjoined under the common
,^v n5„{f '^'T -l^"'' "v """l

-considered as.distinct, each of then,

lu^lVc^ ?'^ its peculiar physical and chemical characters, but

thodaf nnH r''T ''"'^
'"'fr^^'^^

groups of minerals. Thus

fmf ^W^f *''^P'"tomc rocks
; the less siliceous, with soda and

crrn 1W ff '^\V'^T'\ ™<cH-...7.. labradorite the basaltic

a ,.»; linL r"" *^ ^'c'-ytic. Orthoclase is associated wjth

ara'bhck ml"' "
-'Jr'^

g-'^^y felspar either with hornblendeand a bUck mica or with augite ; labradorite with aueite vervrarely with quartz or hornblende.
augite, veiy

„.r',!if°'^P'"'^
'"" ^"^^ '""'"'' f™™ similar minerals by their hard-ness (they scarce scratch with a good knife), difficult fiiibihtV and

drsSisWrthe n,^'"
'"""^^° -arks^'maraid^tt stud'e'n in

cka-a^e Plane form^n - '.T'"°'!
'P"""" ^" o-'H'oclase the basal

P anes°5/on bitb ,
,'='" ""?'' '""' *'^<' clinodiagonal cleavage

FlnVlf '"',"''*
= '" t''" triclinic or plagioclase felsp^

e nf ubirin":^ld
• f{"'r'^r' '''^"^' andekr«nd oliScC

so?ubr In ..ran?ti IV V'°"'' ^'"^ anorthite are more or less

reddi h ordaK '. r
""

f
'=™'ni'os'ng, orthoclase often becomesrcauisn or daik-red

; oligoclaso dull green, and at length white

sped fo~ rs?.""™ T'^' '"'^P"'"" "-^ "- of tt irue

RO inthe pr^°n„ .
''
'"o'

'^^ °^ye'=" °f *'"' =='"'•>. alumina, andKU in the proportions a: : 3 : 1,-x ranging from 24 to 4. TcW-
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mak <nd most mineralogists now take a similar view, regarding

orthoclase, albite, and anortliite alone as true species, of which the

others are mixtures. Those consisting essentially of potash and soda

only are mechanical mixtures of ortlioclase and albite, the distinct

lan-ellffi being visible by the microscope ; those again that contain

essentially lime and soda together are, sometimes at least, chemical,

being isomorphous compounds of albite and anorthite in various

proportions, and ivith corresponding transitions in crystallographic

and physical properties. Notwithstanding this, these intermediates

must be regarded as independent mineral species, inasmuch as they

are severally typical of certain rocks, and have characteristic forms

differing from each other in angular inclination.

689. Orthoclase, 'AlSij + ^ij.

Oblique prUmatic, C = 63° 57'. ooP ( T and 2) 1 IS" 47' ; Foo («)

66° 46'; 2P'oo (n) 90° 71'; Spooo (y)35°45'. The commonest and

simplest forms are »P, OP, P«oo , and coF'co {31), coP, OP (P),

2P'>oo (figs. 620 to 627). When onP predominates the crystals

Rg. 520.

C^^:^
Fig. 523.

are. short rhombic prisms ;

when ooP'oo predominates

they are tabular; when
ooP and ooP"^oo predomi-

nate they are short hexa-

gonal prismatic, when OP
aad odP°oo they are rect-

angular prismatic, often

much lengthened. Twins
are very frequent, and
occur according primarily „ ,„,
to four laws.*^ FirJ, Fig. 526. Fig. 527.

through revolution of one half or of a whole crystal, then forming

interpenetrating twins round a vertical axis (fig. 195). In the case

of this hemitropio revolution one of the external faces becomes a

face of union. According as the right or the left half (or whole

crystal) as conceived to be that which has been revolved the crj'stals

are termed right and left, as in figs. 188, 189. Second, by revolution

of 6ne half around an axis normal to if; in such twins the com-

position is not evidenced externally except by sutures. Third,

Fig. 528. Fig. 529. Fig. 630.

difficulty to an opaque vesicular glass. Kot affected by acids. C. c.

!

64-6 silica, 18'5 alumina, and 169 potash, but generally 10 to 14
potash, 1 to 4 soda, to 1'3 lime, to 2 iron peroxide. Varieties

are

—

(1) Adutaria and Ice-spar, transparent or translucent, splendent,

and almost colourless. Some with bluish opalescence are named
Moonstone ; St Gotthard, Mont Blanc, Dauphind, Arendal, Green-

land, and Ceylon.

(2) Common Felspar, generally white or red, especially flesh-red,

is a common constituent of many rocks. Crystals at Baveno on
Lago Maggiore, Lomnitz in Silesia, Mourne Mountains and Wick-
low in Ireland, Aberdeenshiru (at Rubislaw 6 or 8 inches long) in

Scotland, and at Carlsbad and Elnbogen in Bohemia. Amazon
Stone, vcrdigris-green, from Sutherland, Lake Ilmen, and Colorado,

and ilurchisonile, golden or greyish yellow, from Arran and Dawlish,

are varieties.

(3) The Glassy Felspar or Sanidine (0 64° 1', ooP 119° 16') con-

tains 3 to 12 potash and 3 to 10 soda. Crystals imbedded

;

vitreous, translucent, and often much cracked ; Arran, Eigg, and
other parts of Scotland, Drachenfels, Auvergne, and other countries.

Orthoclase occurs in granite, gneiss, and porphyry in many
countries. It is commonly associated with quartz ; sometimes, as

in the Graphic Granite of Sutherland, Harris, and Portsoy, in

letter-like combinations of the latter. It is very liable to decom-

position, when it is converted especially into kaolin, used for

manufacturing porcelain and stoneware. The adularia or moon-
stone and the green amazon stone are cut as ornamental stfinea.

Leclite, from Biddean nam Bian in Argyllshire and Grythyttin in

Sweden, is a somewhat siliceous horny-lustred flesh-coloured com-

pact variety. Petuntze and Somstone are similar but more impure.

Microcline is a variety with angle distorted by interstitial penetra-

tion, by oligoclase (Sutherland), and by albite (Frederiksvaru, &c.).

590. Albite, AlSi3-^NaSi3.

Anorthio. OP {F) : ooPco (A/) 86° 24'; ooF (Z) : o»'P (7) 122° 15'}

but angles variable. Crystals, generally like those of orthoclase,

are tabular or prismatic (fig. 197). Hemitropes common, especially

united by a face of »Poo (figs. 531, 632) the re-entering angle b«'

through revolution round an axis normal to P, forming orthorhombio

prisms which show a herring-bone lineation, through the meeting of

strire commonly present upon the face J/ parallel to the intersection

of its edge with the face T (fig. 528). Fourth, by revolution round

an axis normal to 2P'oo (n) ; this .also forms a prism the section of

which is nearly square (iig. 529). Compound twins ou this last

type are formed of 3 to 4 and 8 crystals (fig. 530).

Occurs also massive, and coarse or nne granular. CI. basal {F),

very perfect; clinodiagonal (if), perfect (P:J/'=90°); fracture

conchoidal or splintery. H. = 6 ; G. — 2 53 to 2 "58. Transparent
to nanslucent ou the edges ; vitreous but pearly on cl. ; and also

upalescent, with bluish or changing colours. Occasionally colour-

leas but generally red, yellow, grey, or green. B.B. fuses with

Fig. 531. Fig. 53Z

tween the faces of OP (P and F) 172° 48' being very characteristic.

Fig. 198 is another common hemitrope. Also massive, and in radiat-

ing plates. 01. basal and brachydiagonal, almost equally perfect
;

fracture conchoidal or uneven. H. =6 to 6'5
; G. =26 to 267.

Karely transparent ; vitreous, pearly on the cl. Colourless, but

generally white, grey, green, red, or yellow; streak white. B.B.

difficultly fusible,

tinging the flame

yellow, to a white
semiopaque glass.

Not aifeoted by
acids. C.c. : 68 6

silica, 19 6alumina
with 1 to 1 iron

peroxide, and11 -8 —
soda, with 0-3 to 4 Fig. 533.

lime, to 2-5 potash. Hence albite and orthoclase both contain

soda and potash, only in different proportions. Albite is most

easily recognized by its frequent r-j-entering angles, its readier

fusibility, and the obliquity (93° 36') of its cl. planes, often marked

with strice. FericUne is a variety of which fig. 633 is a typical

form.

Albite IS a constituent of many '' greenstones, as at Corsturphine

(Edinburgh), and of granite, syenite, gneiss, porphyry, and trachyte.

Crystallized at Murdoch's Cairn, Aberdeenshire, being the cclourlesa

felspar of the red granites of Scotland. Dauphine, St Gotthard,

Tyrol, Salzburg, and Arendal.

Adinole is a compact variety similar in appearance to Zeelite.

591. Anorthite, AlSi -h CaSi

.

Anorthio. OP (P) : «?«> W 85° 50' ; o.P' (?) : oo'P(T) 120*

30'. Hemitropes common on both M and P. Angle between P
and F l«o° 24'. Cl. basal and brachydiagonal, perfect. H. -6 ;
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0.-27to2-78. Transparent Of translucent; vitreous. Colourlessor

white. B. R fuses to a clear glass ; soluble without gelatinizing in

con. h. acid. C.c: 43 silica. 3€'9 alumina. 201 lima sometimes

Fig. 534. Fig. 635.

with magnesia and soda. Fetlar in Shetland ; Lendalfoot in Ayr-
shire, in gabbro; Monte Somma, Iceland, Java.' Lepolite axiAAm-
fhodelite are varieties. In Lalrobile the greater part of the lime is

replaced bj potash. Glen Gairn and Labrador. At both rose-red.

692. OuaoouLsz, 2Aa§ij + (l^a, Ca),Si3,

Anorthic. OP : oofco 86° 10'; ooF : ooT 120'" 42*. Hemitropes
facem, withp:/173°4'; J:n20''20'; y :vl79°9'; s:k175'59'.
CL basal, perfect; brachydiagonal, lessso. H. -6; G. ='262 to2'84.
Vitreous, resinous on the cL White, with a tinge of green, grey,

erred. B. B. melts easier than orthoclase oralbite to a clear glass
;

not affected by acids. C.c : 63 silica, 23'4 alumina, 8'4 soda, and
4'2 lime; thus nearly— 3 albite and I anorthite. Distinguished
from orthoclase by the marked strice on' the faces ; less readily from
albite, but more fusible and G. higher. The common associate of
orthoclase in the Scotch grey grinites, especially in vein granite, as
at Bispond and Ben Loyal (bgs. 636, £37) in Sutherland, and at

Fig. 538. Fig. 637.

Babislaw ; Scandinavia, tTrals, Harz, and Korth America. The
SunsloM, from Foinaven in Sutherland, Norway, Lake Baikal, and
CejloD, with a play of colour due to imbedded crystals of rubin-
glimmer (gothite), belongs to this species.

598. LABEADOErTE, 'AlSi, + (Ca, iH)Si.

Anorthic. OP : oopoo 86° 40* ; OP : <»T 111* ; OP : ooF 113°

84'; ooF : ooT 121° 37' ; ooj>oo : ooF 120° 63' ; a.Poo : ooT 117°
JC. Hemitropes of three types :—(1) according to the first law of
orthoclase as in fig. 638 ; that is, vertical revolution and face of

union oofoo
; (2)revolutionof one half with reunion on the face ooPoo,

M M

Fig. 639. Fig. 540.

•a in fig. 539 ; (3) with twin face P, as in fig. 640. Hemitropes of
the last form also occur in which the lower half consists of a ncmi-
trope formed according to the second method. Crystals imbeaded

in rocks consist generally of repeated twins affording an angle of

173° 20'. 01. basal, perfect; brachydiagonal, less so ; both usuallj

striated on account of tlie above twinning. H. — 6; G. =2'68to2 74.

Translucent ; vitreous, on the cl. resinous. Grey, passing into white,

green, yellow, or red. The faces of oofoo often exuibit very beauti-

ful changing colours—blue, green, yellow, red, or brown—some-

times bands intersecting at certain angles. B.B. fuses more readily

than orthoclase to a compact colourless glass. Sol. in h. acid. C.c. :

62'9 silica, 30'3 alumina, 12'3 lime, and 4'5 soda. It is thLs—

1

albite and 3 anorthite. Common constituent of dolerite, gabbro,

and hypersthcno rocks. In Scotland, Labrador, Finland, Ears,

Tyrol ; also st Etna and Vesuvius.

694. Ande-si ke, AlSi, + (SaCa)!?!

.

Anorthic Crystals similar to albite and anorthite. Twin face

il. Crystals generally formed of repeated plates. G. = 2 '67 to 2-7.

Physical properties like albite; more easily fusible to a porous white
glass ; h. acid sometimes dissolves out alternate laminae of crystals.

C.c: 69 '7 silica, 25 '6 alumina, 7 '7 soda, and'7 lime, and thus nearly

1 of albite and 1 anorthite. Typical of the primary limestoni'S

and a granitic belt therein in Scotland, as at Sliinness, Crquhart,
Dalnain, &c In the Andes, the Vosges, and Iceland.

695. Htalophane, 'MSi,, feS'ij-t-AlSi, fiaSi.

Oblique prismatic ; resembles orthoclase ; crystals and angks
nearly the sa'ae. CL OP, perfect. H. =6 to 6'S ; G. =2'8 to 2':).

Transparent Lustre vitreoui Colourless, white, and flesh -re L
C.c: silica 52'7, alumina 21, baryta 15'1, potash 7'8, soda 2'|.

B. B. difficultly fusible to a blebby glass, not acted upon by acid i

Binnen in Valais, Jacobsberg in Sweden.

696. Barsovite, AJSi-hCaSi.

Right prismatic, or oblique prismatic. H. = 6'5 to 6 ; G. =2 '6111

Snow-white; translucent. Fracture granular. Pearly. C.c: silica
42 '2, alumina 36 '4, lime 19 '8. Gelatinizes in h. acid, difficultly

fusible. A dimorphic form of anorthite. Barsovskoi in the Urals.

697. Saussurite.

A massive, granular, translucent, white or pale green felspathic
mineral of the nature of anorthite mixed with labradorite. H. = 6 to

7 ; G. — 3 '26 to 3 '4. Probably a mixture. Occurs in loose blocks near
Geneva,, and in Corsica. In China and in India is carved under the
name of Oriental jade (nephrite). Seems to be confounded also
with zoiatc, and perhaps with yu (prehnite). Jadeile is similar.

Zeolite Group.

These crystallize in all the systems except the anorthic, and them-
selves present great variety of development. Mostly hyaline and
white ; rarely red, grey, or yeUow. Cl. generally distinct. All
yield water in closed tube ; all fusible B. B. most easily, and often
intumescing ; all sol. in acids, and mostly gelatinize or deposit
silica. They are hydrated silicates of alkalies, or alkaline earths,
mostly with silicates of alumina, but rarely contain magnesia.
Some mineralogists regard the water as basic, in union with siKca,
and Kenngott gives the formula in that form, thus :

Analcime, (J^a'A'l) 2§i-l-2(S, Si),

Natrolite, (SFaAl) 2Si + 2(S, Si),

StUbite, Ca, ':^-f6(fi, Si),

and the others similar. They are generally found in amygdaloidal
cavities or fissures 01 trap or iilutonic rocks, apparently as depcaib
from water percolating into them, and are thus probably products
of decomposing nepheline or felspars, or hydrated felspars them-
selves. They never form constituents of rocks. Natrolite,
soolezite, thomsonite, and the connected varieties are marked by
their needle-like radiating forms ; stilbite and heulandite by their
broad, foliated, pearly cleavage.

698. Pectoute, 4CaSi + JfaSi3-fH.

Oblique prismatic, C 84° 37'. oof'oo (c) ; OP (u) 95* 28'.
and u. Twin-face c ; chiefly spher-
oidal and radiating fibrous. H. =5;
G.-2'74 to 2-88. Translucent;
crystals pearly ; fibres silky. Pale
green to yellowish white. Sol. in
n. acid, leaving, silica. C.c: 64'2
silica, 83 '7 lime, 9 '4 soda, and F'S- 641
2'7 water. Eatho, Corstorphine, Castle Rock, and Arthur's Seat
Edinburgh; Kilsyth, Stiriing ; Knockdolian and Lendalfoot, Ayr
shire; Skye ; Montebaldo ; Monzoni Valley in Tyrol.

699. Walkemth, 4Cagi-HSlgSi-(-i*aSij-l-2H.
Like pectolite, but columnar. H. = 4 '5

; G. =2-7. Flesh-coloured.
Lustre pearly to greasy. C.c: silica 53'7, lime 286, magnefite
6-1, soda 7

'9, water 4 '6. Corstorphine Hill, Burntisland.

600. XoNOTLiTE, 4CaSi-fS.
Massive. H.-6; G.-2'6 to2'7. Pink, white, and grey. Tongi
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fracture concholdal and splintery. C.c. : silica 49-8, lime 43 5,

iirotoxide of manganese 23, protoxide of iron 2'9, water 37.
kilfinichen and Torosay (Mull), Xonotla (Mexico).

601. TOBERMORITE, 3(Ca;, fi)Si5 + 2ia.
Massive, fine granular; translucent; fracture hackly. H. =5;

G. -2-4. Palo pink. C.c: silica 49-8 lime 37-2, water 12-9.

Tobermory (Mull), Dunvegai, ^Skye).

602. Oken-ite, OaJlsij + fi.

Right prismatic. ooP 122° 19'. Usually fine fibrous; radiating.

H. -5; G. -228 to 2-36. Pellucid; slightly pearly. Yellowish

to bluish white. In powder easily sol. in h. acid, leaving

gelatinous flakes after ignition. C.c. :
56-6 silica, 28-4 lime, and

17 water ; an apophyllite without the fluorine. Disco Island,

Faroes, and Icelaud.

603. Apophtm-ite, 8((!;aSi + 2ft) + KF.
Pyramidal. P 120° 56'. P, ooPoo (m), OP (o), aP2 (r).

liorely lamellar. CI. o, perfect. Brittle. H. — 4'5 to 5;
G. -23 to 3-4. Transparent ; vitreous. On o pearly (/c^/AyopA-

ihaliiiite). Colourless, rarely pink, green, red, brown, and yellow.

B.IJ. exfoliates, intumesces, and melts to wliite enamel. Sol. in

h. acid, leaving silica. Co : silica 50 'S, lime HI, water 15 -g,

Fig. 542, Fig. 543. Fig. 544.

potassium 4'3, -fluorine 2'1. Dunvegan and Storr, Skye (fig. 544);
Chapel, Fife ; Corstorphine (fig. 542) and Ratho, near Edinburgh

;

Kilsyth, Bowling, Kilpatrick ; Port Rush, Ireland. In the form
P (fig. 79), grass-green at Oxhavcer, Iceland (Oxhavccrite) ; Uto,
Sweden; Andreasberg and Faroes (pink) ; Faroes, and Poonah in

India (green). Internal structure tesselated, being built up of wedge
and lenticular forms with varying refractive indices, hence exhibit-

ing a beautiful structure with polarized light.

604. GrnoLiTE, (?Ca-f JH)Si-ha.
Lamellar, radiate, spherical, and investing. H. =3to4. Pearly.

Bluish white to cream-coloured. Transparent, rapidly becoming
opaque. Co.: silica 53'3, lime 329, water 13'8. Quiraing,
Lyndale, and Storr, Skye ; Loch Scrcden and Carsaig, Mull ; Canna;
Karartut, Niakornak, and Disco ; Faroes : Nova Scotia.

605. AXALCIME, AlSi,-f NaSi-|-2S.
Cubic. odOoo;202. Fradture uneven. H. =55 ; G. =21 to2-28.

Colourless, white, llcsh-rcd, scar-

let. Vitreous; transparent. B.B.

melts without frothing to a clear

vesicular glass. Decomposable
with gelatinization in li. acid.

C.c. :
54 '5 silica, 23 3 alumina,

14 1 soda, 8-2 water. AValls,

Orkney; "Talisker, Skye; Sanda,

^nd Hebrides generally. Trans-
jiarent at Eigg, and Elic, Fife

scarlet at Bowdens, Kincardine;
oparjuo white at Glen Farg,

Salisbury Crags, and Dumbarton;
Giant's Causeway, Seisscr Alp in Fig. 545.

Tyrol, Cyclopean Islands (fig. 545), Faroes, Iceland, and Kova
Scotia. EiidiiophiU is a variety. Pecto-

lite (sp. 698) occurs pseudomorphous after

analcime, in large crystals of a, n, at

Ratho, Edinburghshire.

606. Pollux, 3(AlSi3-t-(€s5, Na3)Si)-f

23.
Cubic. ooQoo

; 202 (fig. 546). Also
nia."!sive. Gura-like externally. Brittle,

with traces of clcav.igc. Fracture con-

choidal. H. =55 to 65; G.- 2 86 to

2-9. Colourless. Vitreous. Sol. in n. _. ,,, , „„,
acid. C.c. : silica 44, alumina 16, oxide ^'g- 646 (sp. 606).

of cxsium34, soda2'5, water 24. Elba. The only minei-al which
contains oaesiuni in quantity

607. Faujasite, 2i^"i3-t-(Ca¥fa)jSi3-H8fi.

Cubic ; in octahedrons with the icositetrahedron fOf. Fracture
uneven; brittle. H. -7 ; G. -192. Transparent; vitreous to
adamantine. White to brown. Sol. in h. acid. C.c: 46-8 silica,

16 alumina, 4-4 lime, 4 8 soda, 28 water. Kaiserstuhl in Baden,
Annerod near Giessen, Eisenach, Marburg.

608. Chabasite (Lime-Chdbasite), ilSij + CaSi + 6H

.

Rhombohedral; R94°46.' ^^|Rf ;-iR (r) ;- 2R («) ; ooP2 (a).
Twins very common (generally intersesting), on faces ooP and

Fig. 647. Fig. 648.

Pco
. Primary rhombohedron ia sometimes twinned with a crystal

with faces r, e, s. CI. r perfect. H. -4 to 4-5; G. = 2 to 2-2.

Transparent or translucent; vitreous. . Colourless, «nd brownish,

Fig. 549. Fig. 650.

yellowish, brick-, and ffesh-red. Sol. 'in h. acid, leaving silica.

Co.- silica 47-8, alumina 20-8, lime 107, water 21 3. Lyndale
(figs. 647, 548, 549), Talisker (figs. 176, 660, sometimes flesh

Fig. 551. Fig. 552.

colour), and Storr, Skye (figs. 647, 548); Port Glasgow and Kil-

malcolm (pink ami brown) ; Giant's Causeway and Magee Island

(red), Faroes, Iceland, —

~

Aussig, Andreasberg
(fig. 551). Uaydenite in

twinned rhombohedr^
with p : p 95° to 97° !

J) : nri70° reentering

552), from Fassr .md
l^laryland, is similar.

Phacolite is chabasite in

twins of |P2, 00^2, R,
- JR at the Giant's

Causeway (fig. 154). At
Richmond in Victoria ,

they occur as in fig.
. „ , ,

553, -2R(n), - §R (r), 3P2 (<), OP (<;)

;

this, half of the lima is replaced by soda

609. G-anumTE (.Soda-ChahasiU), AlSi3-^NaSi-l-6^ .

Hexagonal. R 112° 26' ; P 79° 54'. Combination P, OP.

Fig. 653.

polar edge, |P2 146°.

o=B
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(P^-s. 554, 556). Faces of P striatoa parallel to the polar cdpe, tliose

of llie piisni liorizoutally (tig. 555). CI. ooP distinct. Gelatinizes

Fig. 556.

with h. acid. C.c. : 47 '6 silica,

197 alumina, 12 soda, 207 water.

Certain crj'stals seem to indicate
twinning. Taliskcr in Skye (twins of fig. 655), Glenami in
Antr.m (fig. 555), Vicenza, Pyrgo ^
in Cyprus, Cape lilomidon in Nova ^ "^ '^~^

Scotia.

610. Levtke, 'A'lSij + CaSi +
tis.

Rhomhohedral ; R (s) 79° 29'

;

- JR (r) 106' 3' ; OR (o). Forms
intersecting twins as in fig. 557.
H. -4; G. -21 to 2-2. Colourless
and white. C.c: silica 438, alumina 23-8, lime 97, water 21.
Storr in Skvo (o, s), Ireland (at

Glcnarm, Island ilagee, London-
derry, kc), Iceland, JDalsnypen,
and Naalsu in the Faroes.

/^
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intersecting individuals fall nearly into one plane, presenting the
form fig. 570 ; when long, fig. 190. Brittle ; fracture uneven.
H. = 4-5; G. =215 to 2-2. Gelatinizes in h. acid. C.c: silica 48-6,

alumina 20'2, lime 7'3, potash 6'2, water 177. Giant's Causeway,
Giessen, Marburg, Cassel, Capo di Bove, Vesuvius, Iceland.

617. Hakmotome, AlSij + BaSij + Sfi.

Oblique prismatic, C 55° 10'. ooP (s) ; ojP oo {h) ; OP (a).

Forms liko phillipsite, but more frequently in simple twins.

Physical properties like rtillipsite, but G. -23 to 2 5, and fuses

Fig. 672.

Fig. 571.

']
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Ireland ; Faroes,

I

manivs-gruiulsr) ; Rathlin and Mageo Island,

Vesuriua (fig. 681), Sicily, Bohemia, Tyrol,

Nora Scotia.

FaTxMlitt i> a rariety with 42 S of ailica.

it replaces thomsonite goneraH)' iu Tortiar)'

i;;neoa8 rocks, occurring at Storr and else-

where in the HcbriJos, Fai«cs, Iceland,

and Nora Scotia. The angle of the vertical

prism is within 8' of that of thomsonite. It

contains an equivalent more silica.

627. rBEUNiTE, AlSi + 20aS"i + a.
Right prismatic ooP (m) 99" 68' ; OP

(c); Spoo (<!)SS'26'i |Poo (v)90°32'; oopoo

(o); oopoo (6); P (5). Crystals either tabular of c, or prismatic along

Loth the vertical and the brachydiagonal axes, hence varying much
in form. Alio in fan-shaped and botryoidal aggrogationo. CI. c,

perfect ; pearly thereon, vitreous else-

where. H.-6 to 7; G. i2-8 to 3.

Transparent to translucent Colour-

Fig. 682 (sp. I

Fig. 683. Fig. BC4.

leak, but generally green of bright but pale tints, also lemon-yellow.

Bccomci electrically polar By heat B. B. intumesces greatly,

melting to a porous enamel. Decomposed by h. acid. C.c.

:

silica 43 6, alumina 24 9, lime 271, water 4 4. Glen Gairn, Aber-
deen (fig. 583) ; Skyo and Mull ; Corstorphino Hill (green and
pink). Castle Rock (white), and Salisbury Crags (yellow), Edin-

tiorgh; Frisky Hall, Dumbartonshire (fi^. 684); Hartfield Moss,
Kenfrew (botryoidal^; Cornwall; Dauphine; Tyrol: Cape of Good
Hope; China ( Yu).

628. Fkiedelite, Mn4§i,-(-2fi.

Rhomboliedral ; R 123° 42". OR ; ooR. Tabular habit, and in

granular aggregates. CL bas.il, perfect. H. -=4 to 5; G. =31. Rose-
red, with paler streak. C.c. : silica 36, protoxide of manganese S3,

lime 2 "96, water 7 9. Adervielle on the JTcste de Louron (Pyrenees).

Hydrous Silicates of Alumina.

These are probably foi the most part products of decomposition
of felspars under atmospheric exposure.

629. Kaolin {Porcelain Earth), AlSij-f2IJE.

Massive ; in beds and veins. Fracture uneven ; fine earthy, very
•oft, sectilc, and friable. H. -1;G. -2-2. Opaque, dull. White or

grey, inclining to blue, green, yellow, or red. Feels meagre, not
greasy when dry, and plastic when wet. B. B. infusible. Not
affected by h. acid, but decomposed by warm s. acid, leaving silica.

C.c. very variable, but approximates to 46 silica, 40 alumina, and
14 water. Chiefly a product of the decomposition of orthoclase, or

of granite, porphyry, and other rocks containing that mineral.

Cornwall and Devonsliiro in England are thf* chief European locali-

tics for the kaolin used in manufacturing porcelain.

days are merely varieties of kaolin, mixed with quartz-sand, eai-

bonato of lime, magnesia, and the oxyhydrates of iron. Often 40
to 50 silica, 30 nluniiiia, 13 to 20 water, and 4 iron peroxide,
with lime and potash. In the fire they are infusible, burnin"
hard. Generally they are couipact and friable, of white, yellow,
red, dIuo, g'"cy, or brown colours. Their specific gravity varies
'roml'Sto 27. The following are varieties. Pipi-clay, greyish
or yellowish white, with a greasy feel, adheres strongly to the
tongue, when wet is very plastic and tenacious, and in the fire

burns white. Abundant in Devonshiie, and ii. the Trough of

I'oolo in Dorsetshire; in Franco, Bclgiun., and Gcnnany. Used
for iranufactu'ing tobacco-pijios and siuiilar articles. Potter's

Clay, red, yellow, g'cen, or blue, becoming yellow or red when
burnt ; more -easily fused than the former, and often effervesces

with acids. That used in the potteries in England comcj chietly

''roni Duvonsl'iru Loah., coarser and more iin)iurc, with more
sand, and consoriuently less plastic. Sfialc or Slite Clay, greyish

^•lack, and much mixed with bituminous or carbonaceous

matter. JIU imi.ioiis Shah, known by its shining icsiiious streak.

lllack Chalk, with more carbon, loaves a black mark on paper. Iron

Clay contains much peroxide of iron, is reddish-brown, and forms

the basis of many araygdaloids and porphyries.

630. Nacbite, AlSij-f2fi.

Right prismatic; minute six-sided tables in fan-like group ; and
scaly. H. —0-5 to 1; G. —2 '35 to 2 '6. Glimmering to pearly, snow-

white or yellowish white. C.c: silica 46 '3, alumina 39 '8, water

13 9. A crystalline form of kaolin. Fins in AUier, Mous, Freiberg,

Pennsylvania, and coal formation commonly.

631. LlTHOMARQE,

Kaolin io substances, compact, earthy, and pseudomorphous.

H. — 25 to3; G. -2'4 to 26. White, yellow, or red. Greasy, adheres

to tongue. Klausthal, Harz, &c. Similar are Caniat, Myelin,

Melopsite.

632. Hallotsite, A'lSi-f4fi.

Massive and reniform. H. — 1
'5 to 2'5; G. •^•I'J to 2'1. Trans-

lucent when moist Bluish white, green, or yellow. C.c. : 41 '6 silica,

34 4 alumina, 24 '1 water. Hospital Quarry near Elgin, on the

Tweed, Liege, Tarnowitz, Eifel (Len:inite). Fuller'a Earth may bo

an impure ferruginous variety. Maxton in Scotland, Reigate and
Maidstone in England, Saxony, Bohemia, &c.

633. Glagerite, AlJSi3-^6H.

H. — 1 ; G. - 2 35. Bergncrsreuth. Malthaxite, from Steinddrfel

near Bautzen, has less alumina.

634. KOLLTRITE, AljSi-f9ft.

H. -1 to 2; G. —2. Also similar. Schemnitz, Pyrenees, and
Saxony. Scarbroile from Scarborough has lOHjO.

635. MiLOSCUiK.

Conchoidal or earthy. H. =2; G. — 2 1. Indigo-blue to celadon-

green ; has 2 to 4 chrome oxide. Rudnik in Servia,

6Q6. MONTMORILLONITE, AljSi, + 2fi

.

Massive. Rose-red. MontmoriUon and elsewhere in Fi'ance,

Poduruoj in Transylvania.

637. Razoumoffskin, AlSi, + 3H

.

From Carinthia. Chromt Ochre, with 2 to 10 per cent of chroma
oxide, from Waldenburg in Silesia and Creusot in France, is similar.

638. CiMOLiTE, Al2Sij-f6H.

Pseudomorphous after augite. Bilin, Limburg, Kalserstuhl,
Argcnliera and Milo.

639. Allophane, "AlSi-f5S.

Botryoidal and reniform. Fracture conchoidal ; brittle. H. = 3 ,

G. = 1 8 to 2. Pellucid ; vitreous. Pale blue, white, green, or
brown. Colour duo to copper. Charlton, Woolwich, Baden, and
Bonn.

640. Pyrophtllite, !A;lSi4-HS.

Right prismatic, but radiated, foliated. CI. perfect ; flexible,
sectile. H. -1; G. =28 to 29. Translucent, pearly. Light verdi-
gris-green to yellowish white. B.B. swells up with many twistings
to a white infusible mass. C.c: 67 silica, 28 alumina, and 5
water. Urals, Spa, Morbihan, Westana in Sweden, Carolina, and
Brazil. Talcosite, from Heathcote in Victoria, has silica and
alumina about equal.

641. Anauxite, A'lSij-fSft.

Granular. H. -2 to 3 ; G. =22 to 2-4. Translucent, pearly
Greenish white. C.c: 60-5 silica, 26 alumina, and 13-5 water.
Bilin in Bohemia.

Hydrous Silicates op ;5ieconia, Thoria, &o.

642. Malacone, SZrSi-hH.

Pyramidal. P 83" 30'. Typical form ooPoo , P, 00 P. H.-6,
G. — 3'9to4'l. Conchoidal fracture. Lustre vitreous. C.c. sam»
as zircon, but with 3 of water in the Hitterb variety and over 9 iu
that from Finland. Has a surface opalescence, and may bo altered
zircon. Hitterii, Chantelonbe (near Limoges), near Dresden, Rosen-
dal, Finland, Miask.

613. EUCRVSITE.

Right prismatic (?). H. -4'i)to5; G. -4-39. Lustre gieaay.
Blackish brown ; streak brown. Translucent on edges. Fractur-
uneven; brittle. C.c. very complex: silica 16, thoria 36, cerium^
protoxide 5-5, percxide C, lanthania 2-4, yttria 4-3, erbia 1-6,

titanic acid IS, feiTic oxi.lo 4-25, alumina 1 •8, water 9 Barkevi^
near Rrovig

644. Thorite, fh5ii-f2fi.

Pyramidal. ooP : P 133° 30'. Generally majsivo. H. -4-6
5. G.— 5 to 5 '4. Lustre Irilliant vitreous; when weathered

rcsii.ous. Fracture conchoijal when fresh, splintery when
weathered. Brownish black to clovubrown. C.c. com])Iex, but
•Sbcntially 18 silica, 73 thoria, 9 watei;. In syenite at Loclion
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Fig. 585 (sp. 644).

Hacon, and in a boulilcr on Ben Blircck in Sutlieilaud, in crystals

(fig. 585) ; Lowo near Brovig, Nor-

way. Uranotliorite, from Arendal,

has 50per cent, thoriaand 10 uranous ^ j
;-. ^\^

oxiJo '; found also at Hittero and at

Champlain (U. S.)

645. Okaxgite, 3Th§i + 2S.
Massive. Orange-yellow to cinna-

mon-red. Other characters like tho-

rite. C.c. : 17 silica, 75 thoria, 7

water. Ben Bhreek, Langosund near

Brevig. Tlie mineral from 15cu Bhreck

passes gradually into thorite, which

thus would appear to be altered

orangite.

646. Tritomite, SJi3-t4H.
Cubic. In tetrahedra. H. =6'5;

G. — 3'9 to 4'66. Lustre vitreous.

Dull brown ; streak yellowish grey.

Subtranslucent. C.c. complex: silica

21, alumina 2 5, ceria 40, lanthania 15, yttria 4"6, lime 4, water 8.

Lamo near Brevig.

Maonesian Silicates.

647. AoALMATOLITE {Figure Stone), 4AlSi2 + ESij + 3fi.

JIassive or slaty. Fracture splintery, rather sectile. H. - 3 to

S; G. =2 '8 to 2 -9. Translucent; glimmering. Green, grey, red, and
yellow. Feels somewhat greasy, but does not adhere to the tongue.

Bol. in s. acid. C.c. : 65 silica, 33 alumina, 7'6 potash, and 5 water;

but in many localities magnesian. Calligaig in Sutherland ; China,

where it is cut into various works of art; also Nagyag in Hungary,

and Saxony.

648. Oncosin, 2A'lSi2-Kic,Mg)Sij-H2d.

Fracture uneven or splintery; sectile. H. =2; G.=2'8. Trans-

lucent; slightly resinous. Apple-green or brown. SoL in a. not in

h. acid. Sahburg.

649. LlEBENERITfi.

Hexagonal ooP ; OP. 01. prismatic, perfect ; fracture hackly.

H.— 3'5; G.=f2'8. ' Oil-green, bluish green, and greenish grey.

Greasy lustre. C.c: silica 447, alumina 36'5, potash 9'9j water

B"6. Monte Vicsena near Forno, Predazzo in Tyrol

650. Gieseckite.

Hexagonal ooP; OP. Fracture splintery^ H. =3 to 3-5; G.-2-7
to 2 '9. Kangerdluarsuk in Greenland, Diana in New York.

651. KiLLlNiTE, 2AlSij + ESLi-l-3ft

Crystalline, foliated. CI along a prism of 135° 44'. G. =2-65.

Greenish grey, yellow, or brownish green. . C. c. : 48 silica, 31 alumina,
2 '3 protoxide of iron, 6 '5 potash, 10 water. Killiney near Dublin.

652. Hyorophilite.

Scaly. H. —2 to 2 5; G. =2 '7. Greenish grey. Lustre and feel

greasy. C.c: silica 4S'4, alumina 32-1, protoxide of iron 3*3,

potash 5 '7, water 9. Sol in h. acid. Halle on the Saale.

653. Bravaisite, kj'Sij + 2AlSi3 -^ 4fi

.

Aggregates of thin plates. H. = 1 to 2; G. = 2 '6. C.c. : silica 61 "4,

alumiua IS 9, peroxide of iron 4, magnesia 3
"3, potash 6 "6, water

13-3. Noyant in Allier.

654. PiNITOID.

Massive. Leek- and oil-green. H. — 2'6; G. =2'8. Co.: silica

48 'S, alumina 2S, protoxide of iron 8, potash .6 '8, water 4'5. Frei-

berg and Chemnitz in Saxony.

665. Bole.

Earthy, in nests and veins. Conohoidal. H. = 1 to 2; G. — 2 2 to

l"5. Opaque ; dull resinous; streak shining. B'own, yellow, or

red. Feels greasy; some adhere strongly to the tongue, others not

utall In water crackles and falls to pieces. C.c. hydrous silicates

i»f alumina and iron peroxide, in various proportions. Scotland,

Ireland, Dransfeld, Clermont in Auvergne. Stolpcnite, Rock Soap,

i'linthi.e, Yellow Earth or Fehnite, Fctbol, aud Ochran are varieties.

656. CARnioLlTE, XlSl-fSlngi + 2a
EiijUt p.Isi.iatic Plli°27'. Radiating stellated. H. =5to5-5;

Q. — :i-9. Tiai.slucent; silky; straw- to wax-yellow. B.B. intumcscer

and fu3u« to an opaque biowu glass. C.c: silica 38, alumina 29'4,

protuxije of iron 2'9, peroxide of iron 4. protoxide of mangaLcse
];-8, witov 10-8. Schlaggeuwald, Wippra in the Harz, Meuville

ill the Aruunncs.

657. NoN-iEoxiTE, IPeSij-hSfi.

M.isMVc; tiictiiro uneven. H. -2 to 3; G. =2 to 2-8. Opaque;

\\\\\ orgliiiuncriiig; stieak resinous. Straw-yellow or siskin-green.

H B. decrepitates, becouos black and magnetic, but without fusing;

sol. and gelatinizes in warm acids. C.c. : 43 silica, 36 iron peroxide,

and 21 water, with 3 '5 alumina and 2. magnesia. Nontion in

France, Harz, and Bavaria. Chloropal is similar. B.B. brown.

Unghvar in Hungary, and Passau.

658. PiNOUiTE.

Massive; fracture splintery; settile. H. -l;G.-2'3. Lightto

dark green. Lustre vitreous. Feels greasy. C.c. : silici 36 9, per-

oxide of iion 29-5, protoxide of iron 6-1, water 25-1. Wolkenstein,

Suhl

659. HisiNGKniTE, Fe,Si3-l-2roSi-f9H.

Reniform, and in crusts. H. -3-5 to 4 ; G. -2-6 to 3. Onaqne,

resinous. Brownish or bluish black; streak liver-brown or yellowish

brown. C.c: various, but 32-5 silica, 3C-5 iron peroxide, 15-1

iron protoxide, aud 19 water, in the ThrauUte from Bodenmais.

Also Gilling and Riddarhyttan' in Sweden, and Breitenbrunn

{^Polyhydrite).

660. Bergholz.

Fine fibrous; glimmering iustro. Wood-brown to green. \j.='i'i.

C.c: silica 55 '5, peroxide of iron 19'5, magnesia 15, water 10'3.

Sterzing in Tyrol Xylite, probably from the Urals, is similar.

661. Umbeb.
Massive ; fracture conchoidal. H. =1-5; G. -2-2. Liver-orowu;

streak shining. Mixtures of peroxide of iron, o.^Jilo of manganese,

and alumina with water. Cyprus. Uypoxanthite and Siderosili-

cite are similar.

662. Klipsteinite, (K3, B3)„Si3 -f 6383

.

Compact. H. =5 to 5-5; G. =3-5. Liver-brown to black ; streak

yellow-brown. C.c: silica 25, peroxide of iron 4, sesquioxide of

manganese 57, water 9. Klapperud in Dalecarlia, Herbom ueai

Dillenburg

663. WOLKONSKOITE.
Araoi-phous. Horny; bluish green to grass-green. Fracture con-

choidal ; brittle. C.c. : silica 36, alumina 3, sesquioxide of chromium
19, ferric oxide 10, water 21. Okhansk in Siberia.

664. RciTTisiTE, 3NlSi-^4H.

Amorphous and reniform. Apple-green to emeraia-green. il. —2
to 2-5; G. =2-35 to2-37. C.c: silica 437, nickel oxide 35'9, water

11 -2. Ebttis near Reichenbach in Saxony. Ko7)iai-ii h aimHai.

665. Uranophane, 3CaSi -^ iJ^Sia -H 18fi

Right prismatic. a>V 146°; oof00 ; Poo; with polar angle su.
Crystals honey-yellow ; when massive leek-green. H. =2'5; G.

—

2'6 to 2'8. C.c: silica 17, alumina 6'1, oxide of uranium 53'3,

lime o'l, water 15*1. Kupferberg in Silesia.

666. Uranotile, CaSi-l-'ij3Si2-^9H.

Eight prismatic. ooP 164. In stellate groups, ijemon-yeliow.

G. =3-96. C.c: silica 13 '8, oxide of uranium 66 75, lime 5 -27,

water 12-67. Wblsendorf in Bavaria, Joachimsthal, Mitchel county

in North Carolina.

667. BlSMtTTOFERRITE, Bi, Sij, -f 2Fe, Si

.

Crypto-crystalline ; oblique prismatic. Siskin- to olive-green.

H. -3-5; G. =4'43. C.c: silica24, oxide of bismuth 42-8, pevoxide

of iron 33 '1. Schneeberg in S.ixony. Hypochlorite is a variety

containing 13 of bismuth. In a third variety, from Braunsdorf,

antimony replaces bismuth.

Silicates with Titanai'es, Kiobates, ko

668. Spbene, CaSij -f CaTij

.

OMiquft prismatic, C 85° 22'. ooP {I) 133°2'; iP'ooCx) 55°

21'; P°»v (y)Si°21'; ooP^oo (y) : OP (Pore) 90 ; ooP'3 (il/)76°7'

;

P'oo {r\ 113° 30'
;
^^2 (n) 136° 12' ; 4P<'4 (s) 67° 67' Crystals

vary e-^tremely in form, being generally ai)par-

tr.tly oblique-tabular, from predominance of

n, which are hemidoraes in alternate position

on opposite ends; also,

but more rarely, pris-

matic, with dominance
of I and M. Twins fre-

quent. Twin face c,

and formed by revolution

either (a) on an axis nor-

mal to c or {b) ona vertical

axis ; the former verj

common and usually pro-

ducing thin tables with

a re-entering angl" along

one side, and sometime-,

elongated. Occasionally

in double twins. Some-
times granular or foliatea.

to 6 '6 ; G. =3 "4 to 3 '6. Semitransparent : adnmantineor resinous.

Fig. 6<i6.

CI in some (0. in others (r). H =5
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Yellow, brown, and green. B.B. fuses with micro-salt in the red.

flame, Rives reaction for titanic acid. C.c. : silica 30-6, titanic acid

40-8, lime28C. In Scotliad, typical of syenites and primary lime-

ftoues. In minute hair-brown crystals in the first ; as at Lairg

(Sutherland), Achavarasdalo 'Caithness), and Criffel (Kirkcud-

Fig. 688. Fig. 689.

bright) (figa. 680 to 588). In the latter often in highly complex

twins, yefiow to brown, at Shinness (figs. 193, 689), Urquhart,

Dalnain, Torbane, &c., also with ilmenite and allanite in exfiltra-

tion veins of grey granite. Daaphln^, Mont Blanc, St Gotthard,

Tyrol, Arendal, iVmerica. OreenoviU, flesh-red from Glen Gairn

in Aberdeenshire (like 19 j), and 3t Marcel in Piedmont; contains

manganese at the latter locality.

669. Keilhauitb ( rttrotitanite), 6((!!a'i') (Sift) -I- (XlFe) (Siti),

.

Oblique prismatic, C 68°. ooP 114. CL -2P, 138° H.-6to
7; G.- 3 5 to 37. Blackish brown ; streak greyish yellow. B.B.
with borax forms blood-red glass in the red. flame ; other features

like sphens. C.c: 297 silica, 287 titanic acid, 21-1 lime, 10 '8

yttria, 6 °2 alumina, and 6 '6 iron peroxide. Kear ArendaL

670. SCHORLOMITE (fVrro^iVaniVs), CajS'i-l-S'ejSij + CaTij.

Cubic ; ooO and 202 ; generally massive ; fracture conchoidal.

H. — 7 to 7 -6
; G. — 3-8. Black ; streak grey-black ; vitreous. C.c.

:

silica 26, titanic acid 23 '3, peroxide of iron 20, lime 29 '4. Arkansas,
Kaiserstuhl, Ivaara in Fiiuand. Perhaps a tiXauiferous garnet.

671. TsCHEWKnilTE.

Massive; fracture Bat conchoidal. H. — 5 to 5 '5; G. — 4'5.

Opaque, vitreous, splendent. Velvet-b'"''k ; streak dark brown;
B.B. intumesces greatly, becomes porouS, and
often incandesces ; in white heat fuses to black
glass

;
gelatinizes with h. acid. C. c. : 21 silica,

20 titanic acid, 11 iron protoxide, 45 peroxides
of cerium metals with perhaps thoria, lime 4.

Miask, Coromandel.

672. MOSANBRITE.
Oblique prismatic, C 71°

24J'. ooP (<) 88°

86'; <x.P'2 (n); <»P°oo (a); -P («) 124° 1';

- P°«> (?) ; ooP'oo . t: a 134° 18'; n : a 162°
52'

; q .a 138° 2'. Twin face the orthopinacoid.
Generally massivs. Fracture uneven. H. — 4;
G.- 2

-93 to 3. Yellowish or reddish brown;
streak pale green. Vitreous to resinous lustre.
C.a : sJica 29 9, titanic acid 9 9, oxide of cerium
metals 26-6, lime 19, water 8-9. Brevic and
Langesundfiord. Pig- 690 (sp. 672)

673. EtTDlALlTE {Euf:oliU),6k'Si3 + liZT.

Ehombohedral
; R 73° 10'. R (;,), OR (a,), ooP2 (cU), JK (o,) •

also ooR, |R,'-JR, -2R, -^R, R3, |P2
"'
^'^'^'•J'^

^'^> •

(fig. 691). Generally massive, granular.
CL Oj and o, ; fracture uneven. H. — 5
to 5 -6

; G. - 2 -84 to 2 -95. Peachblossom-
red to brownish red ; streak white. Trans-
lucent; vitreous. B.B. fuses easily to a
light-green opaque glass

; gelatinizes in
h. acid. C.c: silica 50, zirconia 169,
protoxide of iron 7, lime II, soda 12.
Kangordluarsuk in Greenland, Scdlova-
toi Island in White Sea, Brevig (Euko
Hit), Magnet Cove in Arkansas.

674. CATAJ>LEiTE,2(}*aj0a)(giZr),-l-9S.

Hexagonal P 114° 43'. OP, ooP, p,
also with 2P, and iP. In lamellar aggre-
gates. CI. prismatic and P ; fracture
uneven. H. - 6 ; 0.-2-8. Yellowish brown to pale green ; streak
yellow, lustrous. C.c: silica 467, zirconia 29-6, soda 10-8, water
9 B-c ig.

676. (Ebstedite.

PiTamidal. P 84° 25'. P, ooP, ooPoo. Like zircon. H. -5-5;
0. — 3 63. Lustre adamantine. Reddish browA. C. o. ; silica 19 7,
'.itanato of zirconia 68 '96, water 6 '6. ArendaL

Fig. 591 (sp. 673).

ooP<>2 127° 4

Fig. 592.

676. VrdBLEErrB, 9l{§i-^8feZr-^l??¥b.

ObUque prismatic, C 70° 46'. ooP 90° 14';

- P»oo 43' 18'. OP : o=P°«> 109°

16 ; -P°oo : ooP°<x) 136° 42';

OP : ooP 103° 81'. Crj-stals tabu-

lar and prismatic CI. clinodia-

gonal ; fracture conchoidal. H. — 5

to 6; 0. - S -4. Light yellow, honey-

yellow to brownish grey ; streak

yellowish white. C.c: silica 28,

zirconia 19, niobic acid 13 '9, lime

27-8, soda 8
'3, protoxide of iron

3. B.B. fuses to yellowish glass.

SoL in h. acid. Langesundfiord,

Brevig.

677. Aedennitb.

Right prismatic. ooP 131° 2' ; Poo 112° 24' ; Pj ; ooP| ; oop2
;

00 Poo ; ooPoo. Crystals like ilvanite. CI. brachydiagonal, and

ooP. H. =6 to 7 ; G. — 3'62. Yellow to yellow-brown. Dichroic;

brittle. C.c : silica 27 '8, alumina 24, protoxide of manganese 267,
lime 22, magnesia 4'8, vanadic acid 3'2, arsenic acid 6'3, water 6.

Ottrez in the Ardennes (Luxemburg).

678. ROSCOELITB.

Foliated masses, sometimes stellated. H. — 1; G. — 2'3 to 2 '9.

Dark green to greenish blue. Pearly lustre. C.c: silica 477,
vanadic acid 22, alumina 14*1, magnesia 2, potash 7 '6, water 6.

Eldorado in California.

TITANATES WITH NIOBATEa
679. TlTANOMORPHITE, CaTij.

Oblique prismatic. Like sphene. ooP, OP, iP°co, P°a),

|P''2. C.c: titanic acid 74 'S, lime 25 '3. Lampersdorf in Silesia,

VVeistritz.

680. Pekovskitb, Cafi

.

Right prismatic. In complicated twins, often distorted, pscndo-
cubic. H. -5o; G. -4to4'l. Lustre metallic-

adamantine. Pale yellow, reddish brown to

iron-black ; streak grey. C. c. ; 58 -8 titanic

acid, 41 '2 lime. B. B. with micro-sa,lt in outer

flame gives a bead greenish while hot, colour-

less on cooling; in inner flame grey-green

when hot, violet-blue when cold. Decomposed
by boiling a. acid. Zlatoust, Schelingen, Zer-

matt, Malenco Valley near Sondrio, Pfitsch
in Tyrol, Magnet Cove in Arkansas.

681. KoppiTB, RjNbj. Fig. 593.

Cubic; ooOoo. G. = 4 '45 to 4 '66. Brown. Transparent. Co
niobic acid 62 '46, oxide of cerium 67, oxide of lanthanum %
Schelingen on the Kaiserstuhl in Baden.

682. Annekodiie, 2R2Jfb -f 6BE :

Eight prismatic. H = 6. G 5 7. Metallio to greasy. Black.
StreaK black, brown, greenish grey. Translucent in splinters;

brittle. Co.: 48 niobic acid, with zirconia, thoria, ceria, yttria,

and uranium oxide. Annerod near Moss (Korway\

683. Dysanaltte, 6RTi -(- RSfb

.

Cubic; ooOoo. CI. cubic. G. =4'13. Black. C.c: titanic acM
41-5, niobic acid 23 2, cerium oxide 57, lime 19 '8 ; protoxida of
iron 5 '8, soda 3 6. Vogtsburg on the Kai^erstuhL

684. Ptrochioee, 5KiiJb + 4R(TiTh)2-f4N'aF.

Cubic (fig. 594). CI. octahedral ; brittle ; fracture conchoidal
H. -5; G.- 4

-2 to 4 -4. Resinous,
opaque. Red-browntoblack, ruby-
red and transparent rarely; streak
pale brown. C.c: niobio acid
53 '2, titanic acid 10 '5, thoria 7 '6,

cerium oxide 7, lime 14 '2, soda
5, fluorine 3'1. Miask, Kaiser-
stuhl, Brevig, and Frederiksviim.
Microlite, from Chesterfield -in
Massachusetts, has tantalio acid
68'4, niobio acid 776, 117 lime
and 7 7 protoxide of manganese.
Pyrrhite from Mursinsk in the
Urals, San Piero in Elba, and the
Azores may be the same ; at ths
last locality it is in orange-red
octahedra, and is a niobate of zirconia.

685. Blcmstrandite, (Ca.Fo), Ti -^ lj¥fbj +S

.

Massive H-6-5. G. -4:17 to 4-25. Vitreous, black. Streidt

Fig. 594.
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Fig. 596.

trown. Tranalacent in splinters. C.c; niobic acid 49 'S, titanic

acid 107, uranium oxide 23-7, protoxide of iron 3'3, lime 8-6,

water 7-9. Nohl (Sweden);

686. PoLTCJiASE, 4Efi + ]Rifb.

Bight prismatic (fig. 695). ooPoo, ooP

(140°), P, 2P«> (56°). Fracture conchoidal.

H. — 5 to 6 ; G. =5'1. Blacfe ; streak grey-

brown. B.B. decrepitates yiolently, incan-

descing, but does not fuse. Sol. in s. acid.

C. c. : titanic acid 26 6, niobic acid 20 '4, yttria
23 '3, erbia 7'5, oxide of uranium 7 '7, water
4. Hitterb (Norway), Slett&lcra in Jonkop-
ing (Sweden).

687. EtrxENm;, 2ftTi + Eiib + fi.

Eight prismatic (fig. 596). ooP (m) 140°;

«?» (b); '2P00 (d) 62°; P (pj 102° 68'.

p : i 103° 6'. Fracture conchoidal. Opaque

;

metallic to vitreous. Black and brownish
black; streak red-brown. B. B. infusible. Not
acted on by acids. C. c. : niobic acid 82,

titanic acid 19 '2, uranium oxide 19 '5, yttria
18 '2, cerium oxide 2 '8, but variable.

Jolster, Tromo, Alvo, &c., in Norway; also

Hittero and Cape Lindesnaes.

688. .ffisOHTNITE.

Eight prismatic. ooP (Jlf) 128° 34'; 2?oo (y) 73° 16' ; P (0 : 0)

137° 14'; ooP3 69° 23'; P<» ; OP. Crystals long prismatic (fig.

B97). CL traces ; fracture imperfect conchoiial. ^r-\
H. =eto5-5;G. -4-9 to5-l. Opaque ; submetallic /v\\
or resinous. Iron-black or brown ; streak yellow- /T^\f\
ish brown. B.B. swells and becomes yellow or
brown, but is infusible. Not sol. in h. acid,

partially in s. acid. C.c. : niobic and t?.ntalic acids

28'8, titanic acid 22'6, thorium oxide 15'7, cerium
protoxide 18 'S, lanthanum ojdda and didyminm
oxide 6 '6. Hiask, Hittero.

689. POLTMIGNITE.

Eight prismatic. P (p) polar 136* 28' and 116'

22' ; ooP 109° 4«' ; aPoo
;

afoo (fig. 698). OL macro- ,f}?-.fl
and brachydiagonal, imper- ^ P" ° ''

feet; fracture conchoidat H.=6'5; 6.

—

47 to 4 '8. Opaque ; semimetallic. Iron-
black ; streak dark brown. B.B. infusible.

Sol. in h. acid. C.c: titanic acid 46 '3, zir-

conia 14 '1
, yttria 11 -5, lime 4 '1, iron peroxide

12 '2, cerium ox-
ide 6. Frederiks-
viim.

690. Menoite,

(5Pe, 2V)Ti.

Right prisma-

P («) polar angle 161° 27' and 101°

Fig. 698 (sp. 689).

Fig. 599 (sp. 690).

tie.

10'; ooP136°20'; coPZ; »Poo (fig. 699).

Fracture uneven. H.— 6to6'5; G. •=

6 "48. Opaque ; semimetallic. Iron-

black ; streak chastnut-brown. B. B.

infusible, but becomes magnetic. SoL
in s. acid. Miask, Groix island in Morbihao.

691. Tantalite, fe (fa, ijb).

Bight prismatic. P (p) with polar edges 126° and 112° 80',

middle 91° 42'. ooff (r) 122° 53 • aPoo (s);

oo?oo (0 ; fCO (m) 113° 48 ; sf00 (?) 54°

10'; 4f» (n) 167° 36'; |P| («); 2P2 (0).

Fracture conchoidal or uneven. H. — 6 to

6'5; G. —61 to 8. Opaque; semimetallic,

adamantine, or resinous. Iron-black ; streak

cinnamon- or coffee-brown. B. B. infusible ;

scarcely affected by acids. C.c: 76 to 50 tan-

talio acid, 7 '5 to 29 niobic acid, 9 to 16 iron

protoxide, and 1 to 6 manganese protoxide ; some with 1 to 10 tin

oxide (Cassiterolantatite); also in union with iron (manganese)

protoxide. Kimito and Tammela in Finland, Broddbo and Finbo

near Falun, and Chanteloube near Limoges ; clways in granite.

692. Tapiolite, 4Fe¥a-^Fei^b.

PvTamvlal. P middle angle 84° 52', Bommit 123° 1'. H. - 6 ; G. -

7'2to7-6. Black. Lustrous. Co.: tantalic acid 73 '9, niobic acid
11 '2, protoxide of iron 15. Tammela in Finland.

693. CoLUMBiTE, mte^ib -f nFe¥a

.

Eight prismatic P (a) polar angles 104° 10* and 151°, middle

angle 83° 8'; OP (c); 00Poo (6); 00Poo (a); ooP (j) 135° 40';

ooP« (m) 101° 26'; 2P (») ; 3P3 (0); 3?} (t)
; JPoo (J)

161°
j

?oo (fc) 143°; 2P00 (ft) 112° 26'; Poo (i) 101° 12' ; 2P«> («) 62° 40'.

Hemitropes, face e; vertical axes forming an angle of 62° 40' ; also
on faces 2P2 (n), and rarely b. Also granular and foliated. CI.
brachydiagonal, perfect, also macrodiagonal. H.-6; G. = 5-4to
6 '4. Metallic, adamantuft. Iron-black to brownish : streak black

Fig. 601. Fig. 602. Fig. 603.

^
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C.c: 87-2 niobio aciJ, 18-6 tantalic acid, 12 iron piotoTide, 14 to

20 aranium oxid«, 6 thorium oxide, 4 zirconia, and 16 yitria with

limo and magnesia. Miask, MitthcU county in North Carolina,

The Tltroilnunite of Ilormann.

098. NOHLITE, I'ijKl'b.

Massive. H-4-5to6; O.-504. Black-brown. Splintery.

Brittle. Opaque ; vitreous. Niobio acid £>0 ••J, uranium oxide 14 '4,

lirconia 8, ferrous oxide 8, yttria 14-4, lime 47, voter 46. Nobl

near £ongoU (Sweden).

699. Hatchettolite.

Cubic ; 0, osOoo. Yellowish brown. Resinous lustre. Frac-

ture conchoidal. H.-5 ; G.-4-8 to 4-9. C.c: niobic acid 34'3,

tantalic acid 29 8, uranium oxido 15-6, lime 8 '9, water 4-6. North

Carolina.

ANTIMONIATES.

700. RoMEiTE, CajSbSb.

Pyramidal; P110°50'. Scratches glass. G. -47. Honey-yellow

or hyacinth-red. B.B. fuses to a blackish slog. Sol. in acids.

Cc. : 41 3 anlimonic acid, 37 3 antimony oxide, and 21 4 lime, but

with 2 to 3 manganese and iron protoxide. St Marcel in Pisdmont.

SchnecbergiU, from Tyrol, may be an impure variety.

701. Bleixiere, fl)('Sb, i5b) + S.

Keniform and massive. H.-4 ; G. -3-9 to 48. Translucent;

resinous to earthy. Colourless, yellow, brown, and grey. B.B,

reduced on charcoal. C.c. ; oxide of lead 41 to 02, antimonious

»cid 32 to 47, water 6 to 12. Lostwithiel, Horhausen, Nertchinsk.

702. Nadorite, fbS'b + PbClj.

Right prismatic ; ocP 132° 51'. Crystals tabular. CI. macro-

diagonal. H. —3;G. — 7. Yellowish or greyish browrt. Resinous

to adamantine; translucent C.c: lead 522, antimony 30-8,

oxygen 8, chlorine 9. Constantino (Algeria).

703. RnroTtTE.

Massive. Y'ellowish to greyish green. Opafiuo ; fracture un-

even ; brittle. H. — 3'5 to 4; G. -3 6. C.c: oxide of copper

39'5, oxide of silver 1'2, antimonic acid 42, carbonic acid 21.

Sierra del Cadi in the province of Lerida. Thrombolitc from Kez-

banya, Hungary, may be a hydrated variety.

704. M ELiiTE, 'AJ(Ci20J -H8H

.

Pyramidal ; P 93° 5'. OP ; Poo ; and ooPoo. C). P ; fracture

conchoidal ; brittle. H. -2 to 2 5 ; G. -1-5 to

1 6. Transparent ; doubly refractive ; vitre-

ous. Honey-yellow or reddish ; streak white.

In closed tube yields water. B. B. cha»3 with-

out odour. Burns white and acts like alumina.

Sol. in n. acid or potish. C.c: alumina 14'4,

mellic acid 403, water 45-3. In lignite at Fig. 605.

Artcm in Thuringia and Luschitz in Bohemia ; Walchow in

Horavia (cretaceous); in coal at Malovka in Tula.

706. OXALITE, 2f'e6,-^3S.

Capillary crystals, also botryoidal or compact ; fracture uneven
;

aectile. H. — 2;G. — 22. Opaque; resinous to dull. Straw-yellow.
B.B. turns black, then red. Sol. to yellow solution in acids. C.c

:

421 iron protoxide, 42-1 oxalic acid, 15'8 water. In lignite at
Kolosoruk near Bilin, Duisburg, and Gross Almerode in Hesse.

706. Whewellite; Ca6'-|-H.

Oblique prismatic, C 72° 41'. ooP 100° 36'. CI. basal, perfect;
brittle. H.-2-5 to 2-8; G.-1-838. Transparent to opaque;
vitreous. Colourless. C.c. : 4931 oxalic acid, 38 36 lime, 12 'Ss'

water. Hungary.

THE MINERAL RESINS.

Many of these are only vegetable resins slightly altered. Naphtha
is fluid ; the others solid, with H. -1 to 2 or 25. Most arc amor-
phous, a few crystalline and monoclinic G. -0'6 to I'O. Mostly
resinous ; colourless, or coloured brown, yellow, or red, with paler
treak. Sol. in acids, alcohol, ether, and oils. Melt readily, and
bom with flame and smoke.

707. Naphtha, Petrolebm, CHj.
Liquid. Colourless, yellow, or brown. Transparent or translu-

cent. G. — 07 to 9. Volatilizes in the atmosphere with an
aromatic bituminous odour. C.c: 84 to 88 carbon, and 12 to 16
hydrogen. Varieties are

—

NaphOui.—Very fluid, transparent, and light yellow. Tcgcm
Lake in Bavaria, Amiano near Parma, Salies in the Pyrenees,
Rangoon, Baku on the Caspian Sea, China, Persia, and North
America. Used for bumine, and in preparing varnishes.

Petroleum.—Darker yellow or blackish brown ; less fluid or
Tolatile. Omiskirk in Lancashire ; Coalbrookdale, Pitchford, and

Madeley in Shropshire ; St Catherine's -Well, south of Edinburgh

;

Mainbnd of Orkney ; and many other parts of Europe.

708. Elaterite (Elastie Bitumen, Mineral Caoulehoitc), CHj .

Compact ; reniform or fungoid ; elastic and flexible like oaont-

chouc, very soft. G. -08 to 1-23. Resinous. Blackish reddish,

or villowish brown. Strong bituminous odour. C.c: 84 to 88

carbon, 12 to 14 hydrogen, aud a little oxygen. Derbyshire,

Montrclais near Nautes, and Woodbury in Connecticut.

709. AspiiALTUM, Bitumen.

Compact and disseminated ; fracture conchoidal, Bometimcs

"vesicular ; sectile. H. -2 ; G. -11 to 1-2. Opaque, resinous,

and pitch-black; strong bituminous odour, especially when rubbed.

Takes fire easily, and burns with a bright flame and thick smoke.

Sol. in ether, except a small remainder, which is dissolved in oil

of turpentine C.c: 76 to 86 carbon, 2 to 10 oxygen, 6 to 10

hydrogen, and 1 to 3 nitrogen. Limnier near Hanover, Sej-ssel on

the Rhone, Val Travers in Neufchatel, Lobsanu in Alfiace, in the

Hal-z, Dead Sea, Persia, and Trinidad ;
Cornwall, Haughniond Hill

(Shropshire), East and West Lotliians, Elio and Burntisland (Fife).

710. Albertite.

Massive. Velvet-black. Adamantine lustre; brittle. C.c:

carbon 86, hydrogen 9, nitrogen 29, oxygen 2. Hoy, Orkney

;

StrathpefTer, Ross ; Hillsborough, New Brunswick.

^11. Piauzite.

Massive; imperfect conchoidal, sectile. H. =1'5; G. =1*22.

Dimly translucent on very thin edges ; resinous. Blackish brown
;

streak yello\rish brown. Fuses at 600° Fahr., and burns with an
aromatic odour, lively flame, and dense smoke. SoL in ether and
caustic potash. Piauze near Rudolfswerth in Carniola.

712. IXOLTTB.

Massive ; conchoid.ll fracture. H. = 7; G. -I'OOS. Resinous.

Hyacinth-re-i ; streak ochre-yellow. Rubbed between the fingers

it emits an aromatic odour ; becomes soft at 119°, but is still

viscid at 212°. Oberhart near Gloggnitz in Austria.

713. Amber (Succi'ntte), CinHgO.

Round irregular lumps, grains, or drops. Fracture perfect con-

choidal ; slightly brittle H. =2to2-5 ; G. =1 to 1-1. Transparent

to translucent or almost opaque ; resinous. Honey-yellow, hyacinth-

red, brown, yellowish white ; also streaked or spotted. When
rubbed emits an agreeable odour, and becomes negatively electric.

It melts at 550°, emitting water, an empyreumatic oil, and succinic

acid ; it burns with a bright flame and pleasant odour, leaving a
carbonaceous remainder ; only a small part is soluble in alcohol.

C.c: 79 carbon, 10'5 hydrogen, and 10'5 oxygen. Derived chiefly

from an extinct coniferous tree {Pinitcs succini/er), and found
in the Tertiary and diluvial formations of many countries, especially

northern Germany and shores of the Baltic, Sicily, Spain, and
northern Italy, rarely in Britain (on the shores of Fife, Norfolk,

Suffolk, and Essex, and at Kensington, near London). Used for

ornamental purposes, and for preparing succinic acid and var-

nishes. KranlzUe, from Nienburg, is essentially the same.

714. Retinite (Rctinasphalt).

Roundish or irregular lumps ; fracture uneven or conchoidal

;

very easily frangible. H. — IS to 2; G. = 1'05 to 1-15. Trans-
lucent or opaque ; resinous or glistening. Yellow or brown. Melts
at a low heat, and bums with an aromatic or bituminous odour.
C.c: in general carbon, hydrogen, and oxygen, in very un-
certain amount. Bovey, HaUe, Cape Sable, and Osnabriick.
Pi/rorctinitc from Aussig in Bohemia is similar.

715. Walchowite, CjjHjO.

Rounded pieces, with a conchoidal fracture. H. — 1 -5 to 2

;

G. = 1 '035 to 1 '069. Translucent, resinous. Yellow with browr
stripes, and a yellowish white streak. It fuses at 482°, and burns
readily. Soluble partially (7 '5 per cent. ) in ether ; in s. acid forma
a dark-brown solution, (j.c: 80 '4 carbon, 107 hydrogen, and
8 '9 oxygen. Walchow in Moravia.

716. Copaline {Fossil Copal, Eighgate Sesin), Cj|,H„0.

Irregularfra"ments. H. = 1 '5; O. =. 1 "046. Translucent, resinous;
burns with llglit yellow flame and much smoke; alcohol dissolves
little of it ; becomes black in sulphuric acid. C.c; 85 '54 carbon,
11 '63 hydrogen, 276 oxygen. Highgate near London. A similar
resin from Settling-Stones mine in Northumberland, found in flat

drops or crusts on calc-spar. Is infusible at 500° Fahr. ; G. - 1 16 to
1'54; it contains 85'13 carbon, 1085 hydrogen, and 3-26 ashes.

717. Bekekqelite, CjdHjjOj.
Amorphous; conchoidal fracture. Dark brown, inclining to

green; yellow streak. Resinous; unpleasant odour, and bitter
taste. Fuses below 212°, and continues soft afterwards at ordinary
temperatures; easily soluble in alcohol. C.c : 72 40 carbon, 9 28
hydrogen, 18 31 oxygen. San Juan de BerengeU in Peru.

718. GCATAQniLLITE, CjoHjjO,

.

Amorphous
;
yielding easily to the knife, and very friable, Q,
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-"1092. Pale yellow. Slightly resinous. Fluid at 212°, viscid

s^hencold; slightly solable in water, and largely in alcohol, forming

a yellow fluid with a bitter taste. C.c. : 77-01 carbon, 8-18 hydro-

gen, and 11 '80 oiygen. Guayaquil in South America.

Bogbulter, froDi the Irish peat mosses, is similar ; it melts at

124°, is easily soluble in alcohol, and contains 7370 carbon, 12 '50

hydrogen, and 1372 oxygen.

719. Haetine. CjoHjo+S.
Round masses or thin layers. Brittle, but easily cut with p

knife. G. -16. Kesinous Reddish brown by reflected and deep

red by transmitted light ; streak light brown. Becomes black on

exposure. C.c: 86-43 carbon, 801 hydrogen, 5-56 oxygen. In

the main coal seam at Middleton near Leeds, and at Newcastle.

720. Ozocerite (Native Paraffin), CH

.

Amorphous, sometimes fibrous. Very soft, pliable, and easily

fashioned with the fingers. G. — 0-94 to 097. Glimmering or

glistening; eemitranslucent Yellowish brown or hyacinth-red by
transmitted, dark leek-green by,reflected light. Strong parafiin

or aromatic odour; fuses easily to a clear oily fluid; at higher

temperature burns with a clear flame, seldom leaving any ashes ;

readjly soluble in oil of turpeutine, with great difficnity in alcohol

or ether. C.c: 86-7 carbon, and 143 hydrogen. Binny (Linlith-

gow), and Edinburgh ; Slanik and Zietriska in Moldavia, near
Gaming in Austria, and Baku ; also at Urpeth coal-mine near
Newcastle-on-Tyne. Pyropissile may be a variety.

721. Hatchb-ttine {Mineral Tallow).

Flaky, like spermaceti; or subgranular, like beeswax; soft and
flexible. G. — 0-6. Translucent; weak pearly. Yello-wish white,

wax-yellow, or greenish yellow. Greasy inodorous ; readily soluble

in ether. C. c. : 85 -91 carbon, 14 -62 hydrogen, or similar to ozocerite.

Loch Fyne (fusible at 1 1 5°), Merthyr-Tydvil, Schaumburg.

722. FlCH-TKLITE, C4H3,

Crystalline (oblique prismatic) lamellae, which swim in water,

but sink in alcohol White and pearly. Fuse at 114°, but again
become crystalline on cooling. Very easily soluble in ether, and pre-

cipitated by alcohol C.c : 88 -9 carbon and 11-1 hydrogen. In pine
wood in a peat-moss near Redwitz in Bavaria.

723. HABTi-ra, CjHj,
Anorthic; but mostly like spermaceti or white wax, and lamellar.

Sectile, but not flexible. H. =1; G. = 1-046. Translucent; dull

resinous. White. Melts at 165°, and bums with much smoke.
Very soluble in ether, much less so in alcohol Co.: 87 '8 carbon,
and 12-2 hydrogen. Oberhart in Austria.

724. KoNUTE, C,H.
Crystalline folia and grains. Soft. G. -= 0'88. Translucent

;

resinous. White, without smell. Fuses at 120° to 137°. Sol in

n. acid; precipitated by water in a white crystalline mass. C.c:
92-3 carbon, 7 7 hydrogen. Uznach near St Gall, Redwitz.

725. SCHEERERI-TE, CBl,.

ObUque prismatic ; tabular or acicular. Soft and rather brittle.

G. — 1 to 12. Translucent; resinous or adamantine. WKte, ii»-

dining to yellow or green. Feels greasy, has no taste, and wneu
cold no smell, but when heated a weak aromatic odour. Inisoluble

in water; readily sol. in alcohol, ether, and n. and s. acjl^s. C.c

:

75 carbon, 25 hydrogen. Uznach. Branchite, white translucent,

fusing at 167°, is similar; Montevaso in Tuscany

726. Ldrialite, C,H, .

Massive; fracture uneven or slaty; sectile. H. — 1 to 1'5;

G. — 1-4 to 16 (1 "7 to 3 2). OpaquB ; resinous. Greyish or

brownish black ; streak blackish brown, inclining to red. Feels
greasy. Bums with a thick smoky flame, giving out sulphurous
acid, and leaving some reddish brown ashes. C.c: 77 idrialine

( — 94-7 carbon and 5-3 hydrogen) and 18 cinnabar, with a little

silica, alumina, pyrite, and lime. The idrialine may be extracted
by warm olive oil or oil of turpentine as a pearly shining mass,
difficultly fusible. Idrio.

727. TORBANITE.

Massive ; fracture subconchoidal. Yellow, brown-grey, and light

brown. H. - 1 -5 to 2 ; G. - 1 -28.' C. c. : 60 to 65 carbon, 9 hydrogen,
4 to 5 oxygen, 10 to 20 silicate of alumina. 'When distilled below
redness yields a burning fluid holding paraffin in solution ; above
redness a large quantity of highly illuminating gas. Shown by
the microscope to consist of granules of a yellow bituminoid wax,

with interstitial shaly matter. Torbanehill iu Scotland, Pilsen

in Bohemia. Kurakina and Murayevna in Russia.

728. DOPPLERITE.

Jelly-like elastic masses. Brownish black ; streak brown. Greasy

lustre. H.-0-6; G.-l-l. After drying H.- 2 6; G. -1-5. Insol.

uble in alcohol and ether. An acid substance related to honiift

acid. From peat beds, Aussee (Styria) and Switzerland.

THE COALS.

729. ANTHRAOrTE {Glance Coal).

Massive and disseminated rarelj columnaj Fraoturp conchoids.'

;

brittle. H. -2 to 2 6; G. - . 4 to l-' Opaqiit brillian metallic

Iron-black; streak unaltered Perfect conducto of electnc'ty

Burns diflicultly with a very weak or no flame and does not cake ;

in the closed tube yields a little moisture, but no empyreumatic
oil; detonates with nitre. Co.: carbon above 90 per cent., with
1 to 3 oxygen, 1 to 4 hydrogen, and to 3 nitrogen; and ashes

chiefly of silica, alumina, lime, and peroxide of iron. Common in

some parts of aU coal-fields; and especiallv in the United States, as

in Rhode Island, Massachusetts, and »bo.e all in Pennsylvania.
Used chiefly for manufacturing metals.

730. Common Coal {Blad; Coal, Stone or Mineral Coal, Bitu
minous Coal).

Compact, slaty, or confusedly fibrous; often dividing into rliom-
boidal, columnar, or cubical fragments. Fracture conchoidal, un-
even, or fibrous; rather brittle or sectile. H. - 2 to 2 5 ; G. - 1 "2 to

1 -5. Vitreous, resinous, lt silky in the fibrous variety. Blackish
brown, pitch-black, or velvet-black. Burns easily, emitting flame
and smoke, with a bituminous odour ; heated .in the closed tnbo
yields much oil. C.c. : 74 to 90 carbon, with 0-6 to 8 or 15 oxygen,
3 to 6 hydrogen, to 1 to 2 nitrogen, 0-1 to 3 sulphur, and 1 to 11
earthy matters or ash, in 100 parts.

Slate Coal or Splint has a thick slaty structure, and an uneven
fracture. Cherry Coal is the name applied to the brittle highly lus-

trous variety common in the English coal-fields. Caking Coal is a
more bituminous variety which undergoes semifusion when ignited,
caking or agglutinating during combustion. Cannel Coal has a resin-

ous, glimmering lustte, and a flat-conchoidal fracture, breaks into
in-egular cu'-ical fragme-nta, but is more solid and takes a higher
^polish than other varieties. This bums with a bright flame, and
yields much gas. Abundant in many lands, as in England, Scot-
land, bfld Ireland, in Belgium and France, in Germany and
southern Russia. British America and the United States possess
immense fields, especially in the valley of the Mississippi. Also
found in China, Japan, Hindustan, Australia, Borneo, and several of
the Indian islands.

731. Lignite {Jet, Brown Coal).

Distinctly vegetable in origin,—the external form, and very oftea
^the internal woody stracture, being preserved. The texture is com-
pact, woody, or earthy. Fracture conchoidal, woody, or uneven ;

soft and often friable. G. — 0-5 to 1-6. Lustre sometimes resin-
ous, mostly glimmering or dull Brown, black, or rarely grey.
Burns easily with an unpleasant odour; colours solution of potasli
deep brown. Co.: 47 to 73 carbon, 25 to 7-5 hydrogen, 8 to 33
oxygen (with nitrogen), and 1 to 15 ashes. Jet is pitch-black, with
conchoidal fracture and resinous lustre. Brown coal occurs at
Bovey-Tracy in Devonshire; also in Germany, Hungary, France,
Italy, and Greece. The Surturbrand of Iceland seems a variety.

Used as fuel, but much inferior to common coal The Oolitic

coals of Yorkshire, Antrim, Brora, Mull, and Skye are intermedi-
ate varieties.
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AgslmatoUtc 647.

AlUalte, 131.

Alabandloe, 18(X

Alabaster, 819.

AJallte. 667. -

Albertita, 710.

Alblle. 690.

Alexandrite, 94.

Algodonlte, 193.

AUanlte, 474.

Allemontite, 7.

ADochrolte, 493.

Allomorphite, 313.

Allopalladtam, 30.

Allophane, 639.

Almandlne, 493.

AJsUmlte, 283.

Altalt«, 133.

Alom, 341.

Alumlnlle, 329.

AJunlte, as.

AInnogene, 828.

Amalgam. 24.

Amazon stone, 689.

Amber, 713.

Amblygonite, 450.

Amblystegite, 665,

Amethyst, 81, 1S5.

Amianthus, 667,

678.

Amphibole, 678.

Amphodelite, 69L
Analclme, 605.

Anatase, 96.

Anaojdte, 641.

i
Andalnslte, 460.

Andeslne, 594.

Anglestte, 316.

Anhydrite, 312.

Ankerite, 274.

Annabergite, 388.

Annerodite, 68r.

AnnlTit«, 233.

Anomite, 616.

Anorthlto, 69L
Anthophyllite, 677.

Anthracite, 729.

An.hraconlte, 272.

ALjgorlte, 65L
Ajiiimonial nickel;

184

Antimony, 6.

Apateilte, 931.

Apatite, 443.

Aphrit^ 272.

Aphrodite, 646.

Apophyliite, 603.

Aquamarine, 686.

Aragonite, 281.

Arcanite, 308.

Ardennite, 677.

Arfvedsonlte, 679.

Argentite, 169.

Arkansite, 97.

Arksatite, 41.

Arqaerlte, 28.

Arsenic, 6.

Arse[i!o3lderite,429.

Arsenolite, 123.

Asbestos, 578.

Asphaitum, 709.

Astrakanite, 337.

Astrophyllite, 630.

Atacamite, 60.

Atopite. 376.

Angite, 567.

Anrlchalclte, 397.

Avalle, 2«.

AvantiiriQa, 136.

Axinite, 494.

Azurlte, 394.

Babingtonite, 676.

Dalkailte, 667.

Barsovite, 696.

Baryta-mica, 631.

Saryte, 313.

Baryto-calclte, 287.

Baryto-ceieatine,

314.

Bastile, Iti.

Bastnaealte, 87.

Beaamontite, 61^
Beaaxit«, 113.

Hcegerite, 160.

.raunlte. 400.

ocrengeUte, 717.

Bergholz, 660.

Berthlerine, 662L

Bertbierite, 218.

Beryl, 686.

Berzelinlte, 166

Berzellte, 370.

Bendintite, 464.

Bleberlte, 337.

Binnlta, 231.

Blotlte, 612.

BIsmlte, 1-26.

Bismuth, a
Bismuthlne, 209.

Blsmutblte, 302.

Biimato(errit& 667.
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filsmoio^haerite,

188.

niu«r.*|iu', in.
Dlluraen. 708, 70$.

Bltlnlwe, 701.

Mcnit. 177.

ItlSdIlc, U7.
Dlomitrkndllr, 6S5
DIooduone. 1$i.

Kodtnllc, 474.

Ilonbutttr, 718.

Dososlooikllc, 49:.

Bolt, eiJ

BollTllc. ;s«.

BolorncM ttone,

S13.

BoUoDlte, 47«.

BoDidorlllc. Hi.
Boriclle. 56?.

nortx, 7C6.

Donlle. 190.

BerofalcUc, 2(7.

BctTjofene, 347.

BoU-yglUe. 470.

BouUngerite, 237..

Bonmonlte, 230.

Bnuichltt, 726.

Brandijite, S34.

Ilrmnnltc. lOO.

Iiraralille, U3.
Drelilicklle. S67.

Brtlthtoptilc, 184.

Breannerite, 276.

Brtiriterttf. 613.

Brochintltc, 334.

Bromtte, 36.

Drongnisrtlne, 811

nronzJte, 664.

Ilrooklte, 97.

Brown coil, J31.

Bradle, 114.

Brnshltc, 377.

BunMnlt«, 76.

BasUralle, (74.

Brllrtiritt, Hi.
ByuoUtr. 379.

Cacbolonp, 137.

Cacoxene, 402.

Cairngorm, IM.
Calalte, 404.

Calamine, 280.

Calclte, calC'Spir,

272.

Caledonlte, S30.

Calomel, 49.

Cancrlnlto, C06.

Capordanile, <i:.

Carbuncle, 493.

CanaUlte, 62.

Camat, 631.

Cnmcllan, 133.

CarilioUle, 616.

Carpho«lder1te,333.

Caiallcrlte, 98.

Caaslterotanlallte,

891.

Caitor, B73.

CaUplelte, S74.

Cnl'a-eye, 133.

Cawk, 313.

CcladoDlte, SCO.

Celeatlne, 3li.

Ccnirollle, 483.

Ccrargyrlle, 44.

Cerlno, 474.

Ccrlte, 484.

CeniMltc, 286.

CcrrantUe, 130.

Cliabaslte, 608.

Chalcaiithllc, 333.

Clialcedony, 133.

Chalcolite. 439.

Chalcomcnile, 237.

Chalcoplianlte, 122
Chalcoph)imc,435.

Chalcopyrlle, 189.

Chalcosldcrlte, 430.

ChalcolrlchUo, 73.

Clialll, 372.

Clulybllc 277.

Cbamolaito, £63.
Chert, 135.

Chlaalolilc, 460.

Chlldrenite, 432.
ChUenllo, 197.

ClilolUc, 42. •

MINERALOGY
ChlTlallle. 248.1

CbladnUe, 303.

Cbloanllte, 146.

Chlorite. 531.

Chloritcld, 526.

Cblorocalcile, 33.

Chloropal. 637.

Cbloropbcile, SS6.

Cbloropbyllite, 583.

Chlorospinel, 93.

ChodnelBtc, 43.

Chondrarseolle,

395.

ChonJrodlle, 482.

Chonlcrtte, 533.

Chrome ochre, 637.

Chromite, 89.

Chryaober)!, 94.

ChrysocoUa. 491.

Chrysolite, 478.

Chrysoprase, 135.

Chrysolile, 549.

Cimolite, 638.

Cinnabar, 198.

Cinnamon atooej

493.

Cipollino, 272.

Clarile. 246.

Clausthallte, 161.

Clay Ironstone, 277.

Clays, 629.

Clinochlore, 633.

Cilnoclase, 424.

Cllntonlte, 624.

Coal.>. 729-731.

Cobaltlte, 143.

Cobaltspalh, 379.

Cobalt Tltriol, 327.

Coccinlte, 68.

Coccollte, 667.

Cceruleolactin, 405.

Colopbonite, 493.

Coloradoile, 202.

Columbltc, 693.

Condunite, 1S2.

Connelllte, 72.

Copallnc, 716.

Coplapitc, 331.

Coiner, 18.

Copperas, 324.

Copper-blende, 238.

Coquimbite, 330.

Cordierltc, 585.

Comwallllc, 418.

Conmdophyiutc,
633.

Corundum, 81.

Cotton-stone, 623.

Cotunnite, 60.

CoTclllne, 18a
Crednerlte, 102.

Crlchtonlte, 83.

Crocalile, 623.

Crocoislte, 355.

Cronstedtlle, 639.

Crookeslle, 167.

Cryolite, 40.

Cryophyllile. 617.

Cryptolite, 367
Cuban, 191.

Cube ore, 403.

Cuprite, 73.

Cupropluniblte,

159.

Cyanite, 461.

Cymophane, 94.

C>-prlne, 475.

Danalite, 497.

Danburite, 495.

Darwlnllc, 192.

Dalholitc, 467.

rJarldsonite, 686.
Davino, T.OC.

Dechenlte, 373.

Delafosslle, 73.

Deleaaite, 638.

nemldowite, 492.

tJorniaUno, 655.

Descloliite, 414.

DIadochite, 454.
DUIIage, 668.

DIaloglto. 27a
Diamond, 13.

Dlasporc, 107.

Dichrolte, 686.

Oickinsonlle, 392.

DletrlcMle. Sll.

DIhyrite, 4l9.

Pimorphitc, 207.

Diopside, 567.

Pioptase, 4;l0.

Diphanite, 522.

DIpyre, 502.

Dljcraalle, 176.

DIslhene, 461.

Dolomite, 273.

Domeyklte, 192.

Dopplerite, 728.

Dutrenite, 899.

Dufrenoysite, 223.

Daranglle, 451.

Dyaanalyte, 683.

Dyslultc, 91.

Ecdemllc, 43&
Edingtonite/620.

Ehlile, 421.

ElsennlckclUei,

182.

ElKOlite, 606.

Elaterite, 708.

Electrum, 25.

Eleonorite, 401.

Ellaslte, 113.

Embollte, 65.

Embrethlte, 227.

Emerald, 81, 586.

Emerald.nlckcl

398.

Emery, 81.

Emmonlte, 284.

Emplectite, 216.

Enargite, 215.

Eostatito, 563.

Eoaite, 359.

Eosphorlte, 433.

Epiboulangerite,

250.

Epichlorite, 633.

Epidote, 473.

Eplg.;nlte, 249.

Epistllbite, 613.

Epsomllc, 321.

Erinite, 418.

Erithrosiderite, 65
Erythrite, 386.

Esmavkitc, 685.

Euchrolte, 417.

Euclase, 468.

Eucrasite, 043.

Eudialile, 673.

Eudnophite, 605.

Eukalrite, 168.

EukoUte, 673.

Euljtinc, 498.

Euphylilto, 623.

Euxenitc, 687.

Eranslte, 406.

Erlgtoklle, 47.

Fahlcrz, 237.

Fahlunite, 635.

Falrfleldite, 394.

Famatinitc, 247.

Fargitc, 623.

Faroelllo, 626.

Fasaaltc, 667.

r«uja.slte, 607
Fayalile, 477.

Fclinitc, 655.

Fehiibanyltc, 829.

Felapars, 589-697.
Ferbcrilc, 361.

Fergusonltc, 695.

Ferrotltanitc, 670.

Felbol, 655.

Fibroferrltc. 331.

Fichtcllte, 722.

FUlowlle, 390.

Fiorllc, 137.

Fire-blende, 252.

Fisciierlte, 407,
Flint, i3i.

Flucllltc, 39.

Fluocerlne, 36.

Fluoccrlte, 35.

Fiuorlte, fluor-epar,

33.

Forctahammetlle
657.

'

Foroalte, 621.

Forsterite, 47a
Fowlcrite, 674.

Franklinllc, sa

FrenieUte, 210
Frledclite, 62a
Friesclte, 186.

Frlcslebcnlte, 22a.

Fuchlte, 619.

Fuller's earth, 632
Gadolintte, 471.

Gahnlte, 91.

Galacllle, 623.

Galena, 168.

Galmel, 485.

aimet, 493.

Gaylussite, 2''2.

Oearksulite, 46.

Gehlenlte, 604.

Qelbel^enerz, 345.

Ccooonltc, 241.

GcrsJorfflte, 147.

Glbbslte, 116.

Gietecklte, 585,

650.

Gigantolito, 685.

Ollbertlte, 519.

Giobcrtlte, 276.

GIrasol, 137.

GIsmondinc, 624,

Glagerlte, 633.

Glaserite, 308.

Glaubcrltc, 311.

Glaucodote, 144.

Glauconite, 659.

Glaucophane, 683

CmcUnlte, 609.

Gold, 25.

Goslarlte, 322.

Giithitc, 108.

Grammatite, 678.

Graphic granite,

689.

Graphite, 14.

Grecnockite, 179.

GrcenoTite, 668.

Grtmauite, 164.

Grunerite, 684.

Guanajuatlte, 301.

GuayoQuiUlte, 718
Guejarite, 211.

Gummite, 120.

Gymnite, 647.

Gj-psum, 319.

Gyrolite, 60).

Hffimatite, 62.

Haidingorite, 379.

Ralr-saif, 328.

Halke, 61.

Halloysite, 632.

Hamartite, 3a
Harmotome, 617.

nartlne, 719.

Hartlte, 723.

Hatchettlne, 721.

Hatchettolite, 699.

Haucrite, 160.

Haughtonlte, 513.

Hausmannitc, 99.

Hauyne, 610.

Haydcnilc, 608.

Haytorltc, 467.

Heliotrope, 135,

RclTine, 49G.

Hepatite, 313
Hereynite, 92.

Herdcrite, 452.

Hennannite, 683.

Herrcngnindlte,

348.

Herschclite, 611.
Hessite, 174.

ITeterozite, 391.

Hculandlte, 614.

nisingcrite, 669.

Ilislopitc, 272.

Iljelmitc, 690.

llomlllte, 469.

nopeltc, 409.

norbachite, 166.

Hornblende, 678.

nurnesltc, 883.

Ilomstonc, 136,

689.

nubnerlte, 365.

lludsonlte, 667.

numi>oldtUite, 603
IIumiic->.83.

nurcaullle, 39L
Huronlte, 686.

ITyacinth, 138.

Hyalite. 137.

nyaiophane, 393.

Hyalosiderlte, 478.

Ilydrarglllite, 116.

Hydroboracite, 270

nydromagnesite,
293.

ITydrophanc, 137.

Hydrophite, 552.

Hydrotaklle, 118.

Hydrozlncite, 296.

Hygrophiiitc, 652.

Hypersthene, 665.

Hypcihlorile, UST.

Hypostilbite, 612.

Hypoxantlilte, 661.

Ice, 74.

Iceland spar, 272.

Ice-spar, 669.

Ichtltyophthalmite,

603.

Idocrasc, 475.

Idrialite, 726.

Ilraenite, 83.

Indicolitc, 466.

Inverarite, 182.

lodite, 57.

lolite, 685.

Iridium, 28.

Irldosmium, 32.

Irlte, 89.

Iron, 16.

Iserlne,84. \

Ixolyle, 712.

Jacobsite, 87.

Jade, 578.

Jadeile. 697. '

Jalpaite, 171.

Jamesonlte, 222.

Jarosite, 344,

Jasper, 135.

JeEfersODite, 569.

Jet, 731.

Johannite, 336.

Jordauite, 236.

Joseite, 12.

Julianite, 234,

Kainite, 352.

Kiimmererite, 632.

Kaolin, 629.

Karelinite, 255.

Kflrstenite, 312.

Keilhauile, 669.

Kermesite, 253.

Kleserite, 320.

Kilbrickenite, 242.

KlUinlte, 672, 651.

Kirwanitc, 658.

KlaprolMtc, 220.

Kiipsteinite, 662.

Knebeliite, 480.

Kobaltbeschlag,

' Leadspar, 28S.'^

Lebcrklea, 140.

Leellt^ 689.
'

Lcnilnile, 632.

Leonhai-dlte, 612.

Lepidolite, 6ia
Lepldomelane, 514

Lepolite, 691.

Lcrbachite, 200.

Lcttsomlte, 351.

Leuchtenbergite,

632.

Leucite, 605.

Lencophane, 687.

Leucopyrite, 142.

Levyne, 610.

Lherzolite, 567.

Libcthcnitc, 411.

Ltebenerite, 049.

Llebigite, 301.

Llevrite, 461
Lignite, 73t.

Lime-mica, 522.

Limestone, 272.

Ltanite, 117.

Limonlte, 110.

LInai-lte, 349.

Lindakerite, 299.

Linnslte, 152.

Liroconite. 434.

Lithiophillte, 369.

Lithomarge, 631.

Lithoiylon, 137.

Loam, 629.

Loweite, 338.

Lucbssapphlr. 685.

Luculllte, 272.

Ludlamlte, 389.

Ludwigite, 265.

Lumachello, 272.

Luneburgite, 457.

Lunnite, 423.

Luzonite, 246.

Lydian stone, 135.

Magnesia-mica,

612.

llagneaio-fenlte,

Kobellile, 228.

Kollyrite, 634.

Komarit. 064.

Kongsbergitc, 23.

Konigine, 336.

KBnlile, 724.

Koppite, 681.

Kotachubeylle, 633
Kijttlgite, 387.

Krantzlle, 713.

Kraurlte, 399.

Krcittonite, 91.

Kremersite, 64.

Krisuvigite, 334.

Krokidolite, 681.
Knhnite, 370.

Kupferblau, 492.

Kyroslte, 140.

Labradorite, 693.

Lanarkite, 317.

Langltc, 335.

Lanthanitc, 303.

Lapls-lazuli, 611.

Laslonlte, 406.

"

Latrobite, 691.

Laumontite, 612i
Laurlte, 204.

Lautite, 172.

Lavcndnlan, 380.

Laaulite, 431.

Lead, 19.

Lea^hUUtf. me.

Magnesite, 275.

Magnetite, 85.

Magnolite, 354.

5Ialachite, 295.

Malacollte, 567.

Malacone, 642.

Maldonite, 196.

Mallardite, 326.

JIalthazite, 633.

Manganese, red,

278.

Manganese-spar,
674.

Manganlte, 109.'

Manpanocalcite,

285.

Marble, 272.

Marcaslte, 140.

Marceline, 100.

Margarite. 522.

Margarodite, 619.

Marl, 272.

Marmolite, 650.

Martlte, 82.

Mascagnine, 309,

Masonite, 627.

Massicot, 78.

Matlockite, 66. •

Maxite, 306.

.Meerschaum, 644.

Megabasite, 360.

Meionite, 600.

.^[cIBconite. 79.

Mctauito, 4b3.

ilelanterite, 324.

Melinophane, 688.
MellUite, 603.

Mellite, 704.

M^Ionito, 193.

Melopsitc, 631.

Mendipitc, 67.

Mencghinite, 235.

Mengite, 690.

Menilltc, 137,

ilcrcury, 20.

Mesollte, 623.

Meteoric Iron, 16. i

illargjrilc, 213. |

Srica, S17,

MIcrocline, 689.

Mlcrolllc, 684.

tlicroaommite, 607
Mlemlte, 273.

Mllarlte, 573.

.Millerlte, 181.

Mlloschin, 635.

Mimetesile. 446.

Minium, 104.

Mirabillte, 3ia
.Mispickfl. 141.

MIsy, 331.

Mixite, 425.

Mizzonite, 601.

Jlolybdenitc, 203.

Molyiidile, 127.

Molyslte, 61.

'

Monazite, Se8.

Monradite, 543.

Montanite, 353.

Montebrasite, 450.

Monticellile, 481.

Montmorillonite,

636.

Moonstone, 569.

Morenosite, 323.

Morion, 135.

Morocochlte, 213.

Morrenite, 617.

Mosandiite, 672.

Moss-agate, 135.

Mottramite, 420.

Murchifionite, 689.

Muriacite, 312.
'

iluscovite, 519.

MuBslte, 667.

Myelin, 681.

Nacrlte, 630.

Nadorite, 702.

Nagyagite, 195.

Naphtha, 707.

Natrolite, 622.-

Natron, 290.

Nauraannite, 173.

Needle-ore, 231.

Nemalite, 114.

Nepheline, 606.

Nephrite, 578.

Newberyite, 378.

Newjanskite, 31.

Nickel, arseniateof,

I

37L
[Nickelerz, 872.

Nickelite, 183.

Nitratine, 258.

Nitre, 259.

Nltrocalclte, 260.

Nitromagnealte

261.

Nohlite, 698.

Nontronite, 667.

Nosean, 609.

Ochran, 655.

(Erstedite, 675.

Okenite, 602.

Oligoclase, 692.

Olivenite, 412.

OllTine, 478.

Oncosin, 648,

Oolite, 272.

Oosite, 685.

Opal, 136, 137.

Orangite, 645.

Orpiment, 206.

Orthite, 474.

Orthoclase, 689.

Osmiridium, 31.

Ottrelite, 528.

Oialite, 706.

Oxhaveerite, 603,

Ozocerite, 720.

Pachnolite, 44.

Paisbergite, 674.

Palladium, 29,

Paraffin, 720.

Paragonite, 52(i

Pargasite, 67a
Paiisite, 305
PauUte, 665.

Pectolite, 598.

Peganite, 408.

Peliom, 686.

Pennine, 632. -

Pentlandite, ISi
Percyllte, 7L

Pcriclnse, 7a
Peiiciine, 690
Pel idole, 478,

Peroveklte, 68U
Petalite. 573.

Petroleum, 7073

Petuntze. 589.

Pelzite, 175.

Phacolite, 603.

Pharmacoilte, 38U
Pharmacoslderlt^

403.

Phenacite, 489.

Fhiilipsite, C16.

Phlogopite, 616.

Phcenico-chroite,

356.

Phosgenite, 304.'

Phosphorochalclt^

423,

Piauzite, 711.

Pickeringile, 341,
Picotile, 93.

Pici olite, 549.

Picrophyll, 641.

Picrosmine, 542.

Piedmontite. 47a
Piiolite, 580.

Plraellte, 648.

Pinguite, 658.

Pinite, 685.

Pinitold, 654.

Pisolite, 272.

Pissophane, 332.
\

Pitch blende, 99,

Pitticite, 455,

Plagionite, 219.

Plasma, 135,

Platiniildium, 27.

Platinum, 26,

Plattnerite, loa
Pleonasbe, 93.

Pllnthitt, 665.

Plembgomrae, 442.

Plombocalcite, 273
Plumbostib, 227:

Pollux, 606.

Polyargyrite, 244
Polybasite, 243.

Polycrase, 686.

Polydymite, 154.

Polyhalite, 340.

Polyhydrite, 659.

Polymignite. 689.

Polytelile, 239.

Porcelain eartl

629,

Porpeiite, 25.

Potatone, 640.

Prase, 135.

Praseollte, 585.

Prehnite, 627.

Prosopite, 48.

Proustite, 226.

PsUomelane, 121.

Psittacinite, 374,

Puchcrite, 375.

Pnfflerite, 619.

Pycnite, 463.

Pycnotrop, 636.

PyraUolile, 664.

Pyrargillite, 585.

Pyrargyrite, 225.

PyrHe, 139, 14a
151, 185, 189.

Pyroaurite, 119.

Pyrochlore, 684.

Pyrochroite, 115.

Pyrolusite, 101.

Pyromorphite, 444'

Pyrope, 493.

Pyrophyliite, 64&
Pyrophysalile, 4&
Pyropissite, 720.

Pyroretiuite, 714,

Pyrorthite, 474.

Pyrosclerite, 634^
Pyrosmalite, 629,
Pyrostllpnite, 2631
Pyroxene, 667.

Pyrrhite, 684.

Pyrrhotite, 161.

Quanz, 135.

Itammelabergitt,*

149.

Razoumoffsli,'fl, 6J
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Realgar, 305.

Reddinglte, 396.

Reddle. 83.

Redruthlte, 164.

Beinlte, 363.

Relsslte, 61S.

Rejlns, 707-728.

Reunite, 714.

Reusaine, 337.

Rhaglte, 426.

Rhodlzlte, 264.

Rbodochrome,- 632.

Rhodonite, 674.

RlpldoUte, 633.

RIttlngerite, 187.

RiTotlte, 703.

Rock-crystal, 135.

Rock-salt, 6L
Rock soap, 655.

Romanzowlte, 493.

Romelte, 700.

Roscoellte, 678.

Roaelltc, 880.

Rothofllte, 493.

Riittlsite, 664.

Rabellan, 5^2.

KubeUlte, 466.

Rubicella, 93.

Ruby, 81, 93.

Rutlle, 95.

Sabllte, 667.

Salmlac, 52.

Salt, 61.

Saltpetre, 259.

Saraarskite, 697.

Sandbergerite, 621.

Sanldlne, 689.

Saponlte, 548.

Sapphire, 81.

Sapphire d'eau,

586.

Sapphliine, 93.

Sapphirite, 465.

SarcoUte, 499.

Sai'toi-ite, 214.

Sassoline, 105.

Sati3-apar, 28L
Saoasurite, 697.

Savon de veriier,

lOL
Saynite, 154.

Scapolite, 502.

Scarbrolte, 634.

Scheellte, 861.

Scheererite, 725.

Schiller spar, 664.

Schlrmerite, 220.

Schneeberglte, 700.

Schnelderite, 22.

Schorl, 466.

Schorlomite, 670.

Schwaitzember-

glte, 68.

Scolecite, 623.

Scorodite, 397.

Selenlte, 319.

Selenium, 3.

Selensulphur, 2.

Senarmontlte, 124.

Serpentine, 549.

Shale, 629.

Siderlte, 185, S77.

SlderoschUoUte,

639.

SiderostUdte, 66L
Siegenlte, 153.

SiUlmanite, 462.

SUver, 21.

Sinter, 137.

SIssersklte, 32.

Skutterudite, 157

Slate clay, 629.

Slate spar, 272.

Smaltine, 145.

Smikite, 325.

Smlthsonite, 260.

Soda-chabaslte,

609.

Sodallte, 50S.

Soda-mica, 520.

Spadaite, 546.

Spar, heavy, S13.

Spathiopyrite, 142.

Spliene, 668.

Spinel, 93.

Spoduraene, 572.

Stannite, 185.

Stassfurtite, 263.

Staurolite, 464.

Steatite, 640.

Sfelnheillte, 685.

Stephanlte, 240.

Stembergite, 14S.

Stibiconite, 130.

Stlbnite. 203.

Stllbite, 613.

StUpnomelane, 66L
Stolpenite, 655.

Stolzlte, 362.

Strahlsteln, 578.

Strenglte, 393.

Stronieyerltc, 166.

Strontianlte, 284.

Stnivite, 428.

Staderite, 233.

Stylotyp, 232.

Succinite, 713.

Sulphur, 1.

Sunstone, 692.

Suiturbrand, I3L
Susannlte, 307.

Sussexlte, 271.

Svanbergite, 463.

Sylvanite, 194.

Sylvite, 60.

Symplesite, 385.

Syngcnite, 339.

Szabolte, .576.

Sialbelyite, 269.

Tabergite, 6:J2.

Tabular spar, 566.

Tachhydrite, 63.

Tagilile, 416.

Talc, 540.

Talcosite, 640.

Tallingite, 70.

Tantalic ochre, 134.

TantaUte, 691.

TaploUte, 692.

Telluric bismuth, 9.

Telluric Iron, 16.

Tellurite, 133.

Tellnriuni, 4; black,

195; graphic,194.

Tennantlte, 238.

Tenorite, 80.

Tephrolte, 479.

Tetradymlte, 10.

Tetrahcdrlte, 237.

Thanindlte, 273.

Thenardite, 810.

Thennonatrlte, 289.

Thomsenollte, 45.

Thomsonlte, 626.

Thorite, 644.

Thraulite, 659.

ThromboUte, 703.

Thnlite, 472.

Thuringite, 637.

Tiemaonite, 199

TUkerodite, 161.

Tin, 15; ores of,

93.

Tinder-ore, 129.

Tinkal, 266.

Titanomorphite,

679.

Tobermorite, 601.

TocomacUte, 59.

Topaz, 81, 463.

Torbanlte, 727.

Tourmaline, 460.

Travertino, 272.

Tremollte, 578.

Trlclasite, 665.

Tridymite, 136.

Triphylite, 369.

Triplite, 448.

Triploidite, 393.

Tripnkelte, 459.

I
Tritomlle, «4G.

j
Trtjgerite, 427.

iTrona, 291.

Troostlte, 487.

Tschewkinlte, 671.

Tufa, 272.

Tungstlte, 128.

Turgite, 106.

Tumerito, 368.

Turquoise, 404.

Tyrite, 695.

Tyrolite, 422.

Ulexite, 268.

UUmannile, 148.

Umber, 661.

Uranlnite, 90.

Uranite, 436.

Dranoclrcite, 438.

Uranophane, 665.

Uranospinite, 437.

Uranotantalite, 697.

Uranothorite, 644.

Uranotile, 666.

Uran-vitriol, 336.

Urao, 291.

Urusite, 346."

Uwarowite, 493.

Valentineite, 125.

Vanadlne-bronzite,

568.

Vanadinite, 445

Variscitc, 406

Varvicite, 101

Vauquelinite, 357.

Venus' hair, 95.

Veszelylte, 413.

VUlaralte, 653.

Vitriol, green, 324

;

red, 347; White,

322.

Vitriol ochre, 331.

Vlvlanlte, 384.

Vogllte, 300.

Volborthlte, 416.

Volgerite, 131.

Voltatte, 342.

Voltilne, 254.

Vulplnite, 312.

Wad, 121.

Wagnerite, 447.

Walchowlte, 715.

Walterite, 699.

Walpurgite, 441.

Wapplerlte, 332.

Warringtonite, 335.

W'ashingtonlte, 83.

Water, 74.

Wavelllte, 405.

Webslerite, 329.

WchrUtc, 11.

WelssgUtlgerz, 239.

Welssite, 585.

Whewellite, 706.

Whitneyite, 192.

Wlllemite, 486.

Wiserlne, 366.

Wltharalte, 473.

Wltherite, 282.

Wittlchenlle, 229

Wohlertte, 676.

Wiilcblte, 230.

WoUramite, 364.

WoUsbergite, 217.

Wolkonskolte, 663.

WoUastonite, 566.

Woodwardite, 351.

Wulfenite, 368.

Wurtzite, 178.

Xanthocui, 251.

Xanthoiltc, 464.

Xanthophyllite,
625.'

Xanthosiderlte,

111.

XcDotime, 366.

XonotUte. 60C

XyUte, 660.

Yellow earth, 65i..

Tttrocerite, 34.

Yttrollmenite, 697.

Tttrotantallte, 694.

Yttrotitanite, 669. ,

Yu, 627.

Zaratite, 29a
Zeagonite, 625.

Zeolites, 698-628.

Zepharovichite, 406w

Zeunerlte, 440.

Zinc, 17.

Zincite, 77.

Zinckenite, 216.

Zinnwaldlte, 617.

Zircon, 138.

Zoisite, 472.

Zorgile, 162.

Zundererz, 132.

ZwleseMte, 449.

CJL F. H.)

MINERAL WATERS. No absolute Une of demarca-

tion can be drawn between ordinary and mineral waters.

There is usually in the latter an excess of mineral con-

stituents or of temperature, but some drinking waters

contain more mineral constituents than others that

are called mineral waters, and many very pure waters,

both cold and warm, have been regarded for ages as

mineral springs.

As to the origin of mineral waters, there is much in

what the elder Pliny said, that waters are such as the soil

through which they flow. Thus in limestone and chalk

districts an excess af lime is usually present ; and the

waters of a particular district have much resemblance to

each other—as in the Eifel," in Auvergne, and in the

Pyrenees. But this is only a partial explanation, for

waters are by no means necessarily uniform throughout a

particular geological formation. We do not know with

any certainty the depth from which various mineral waters

proceed, nor the various distances from the surface at

which they take up their different mineral constituents.

The source of the temperature of thermal waters remains

a subject of much uncertainty. Among the assigned causes

are the internal heat of the globe, or the development of

heat by chemical or electrical agencies in the strata through

which they arise.

Their occasional intermittence is doubtless often depend-

ent on the periodical generation of steam, as in the case

of the Geysers A few geological facts are certain, which

bear on the origin of mineral waters. Such springs are

most abundant in volcanic districts, where many salts of

soda and much carbonic acid are present. They occur most
frequently at meetings of stratified with unstratified rocks,

in saddles, and at points where there has been dislocation

of strata.

The diffusion of mineral waters is very extended. Pliny

was quite correct in observing that they are to be found
on alpine heights and arising from the bottom of the

ocean. They are found at the snow in the Himalayas and
they rise from the sea at Baise and Ischia. They are to be
found in all quarters of the globe, but more particularly

in volcanic regions, as in the Eifel and Auvergne, in the

Bay of Naples, and parts of Greece, in Iceland, New

Zealand, and Japan. But there are few, countries in which
they are not to be found, except in very flat ones and in

deltas of rivers,—for instance, in the north of France, where
they are very few, and in Holland, from which they are ab-

sent. France, Germany, Italy, and Spain, as well as Greece,

Asia Minor, and the Caucasus, are all rich in mineral waters.

The British Isles have a fair though not very large pro-

portion of them. There are a few in Sweden and Norway.
They are abundant in the United- States, less so in Canada.

They are found in the Azores and in the West India

Islands. Of their occurrence in the interior of Africa or

of Australia we know little ; and the same is true of South
America. But they are met with in Algiers, in Egypt, and
in the Holy Land. The vast Indian peninsula has for its

size a comparatively small supply.

As the effects of mineral waters on the bodily system

have been found to be different from those of drinking

waters, an explanation of this has been naturally sought

for. It has been imagined that there is something special

in the nature of mineral waters, that their heat is not

ordinary heat, that their condition is a peculiar electric

one. Some French modern writers even say that they have

a certain life in them, that their constitution is analogous

to that of the serum of the blood. But we must pass by
these speculations, and be guided as far as possible by ascer-

tained facts, respecting the action on the system of w^ater,

of heat and cold, and of the mineral constituents present.

Mineral waters, when analysed, are found to contain a

great many substances, although some of them occur only

in very minute quantities :— soda, magnesia, calcium,

potash, alumina, iron, boron, iodine, bromine, arsenic,

lithium, csesium, rubidium, fluorine, barium, copper, zinc,

manganese, strontium, silica, phosphorus, besides extractive

matters, and various organic deposits known under the

name of glairin or baregin. Of gases, there have been

found carbonic acid, hydrosulphuric acid, nitrogen, hydro-

gen, oxygen, and ammonia. Of all these by far the most

important in a therapeutic point of view are sodium,

magnesia, and iron, carbonic acid, sulphur, and perhaps

hydrosulphuric acid. These substances, detected separately

by chemists, are in their analyses combined by them into

various salts, if not with absolute certainty undoubtedlj



432 MINERAL WATERS
with a close approxiination to it. Those combinations are

very numerous, and some waters contain ten to twenty of

tiiem ; but there are always some predominating ones,

which mark their character, while many of them, such as

cxsium, rubidium, or fluorine, occur in mere traces, and

can not be assumed to be of any real importance. Mineral

waters therefore resolve themselves into weaker or stronger

Koliilioiis 1)1 sMits ami ^'.isi's in \v,il.-i- oi lii^'lier or lower

tt'Mipcrature. I'or imdical purpo.ses tlii-.v are uhimI I'ither

.xtcruali.v or iiiti-rnall.v, for batliinti or for drinkiuK. .\s

till- qiKuitit.v of naltH priwfnt i-oMiiiionl.v bear.-* but a very

sinnll i)roportioii to that of tin- fluid contixininK them,

vvator b(H;onii-s a vcr.v iriHui'ntial oj^eut in mineral-water

treatment, about which it is therefore necessary to say

something.

For the action of hot and cold baths the reader is referred

to the article Batbs. But it may be observed here that,

according to the most generally received opinion, the cuta-

neous surface does not absorb any portion of the salts in a

mineral-water bath, although it may absorb a little gas

(an alkaline water, for instance, at most acting as a slight

detergent on the skin), and that neither salts nor gases

have any action on the system, except as stimulants of the

skin, with partial action on the respiratory organs.

It seems to be ascertained that drinking considerable

lunounts of cold water reduces the temperature of the body,

diminishes the frequency of the pulse, and increases the

blood pressure temporarily. Water when introduced

into the stomach, especially if it be empty, is quickly

absorbed ; but, although much of the water passes into the

veins, there is no proof that it ever produces in them, as is

sometimes supposed, a state of fluidity or wateriuess.

Therapeutically, the imbibition of large quantities of water

leads to a sort of general washing out of the organs. This

produces a temporary increase of certain excretions,

augmented diuresis, and a quantitative increase of urea,

of chloride of sodium, and of phosphoric and sulphuric

acids in the urine. Both the sensible and the insensible

perspirations are augmented. A draught of cold water

undoubtedly stimulates the peristaltic action of the

intestines. On the whole water slightly warm is best

borne by the stomach, and is more easily absorbed by it

than cold water ; and warm waters are 'more useful than

cold ones when there is much gastric irritability.

In addition to the therapeutic action of mineral waters,
there are certain very important subsidiary considerations
which must not be overlooked. An individual who goes
from home to drink them finds himself in a different
climate, with possibly a considerable change in altitude.

His diet is necessarily altered, and his usual home drinks are
given up. There is change in the hours of going to bed and
of rising. ' He is relieved from the routine of usual duties,

and thrown into new ard probably cheerful society. He
takes more exercise than when at home, and is more in the
open air, and this probably at the best season of the year.
So important has this matter of season and climate been
found that it is an established axiom that waters can be
used to the greatest advantage during the summer months
and in fine weather, and during the periods most convenient
for relaxation from business. Summer is therefore the bath
season, but of late years provision has been made in many
places, with the aid of specially constructed rooms and
passages, for carrying out cures satisfactorily during the
winter season, e.rj., at Aix-la-thapelle, Wiesbaden, Baden
Baden, Baden in Switzerland, Dax, Vichy, and Bath. The
ordinary bath season extends from the 15th of May to the
2Cth or 30th September. The sf,ason for baths situated
at considerable elevations commences a montli later and
terminates some ten days earlier. Mineral waters may be
employed at home, but patients seldom so use them; and

this necessarily limits the time of their use. It is common

to declare that the treatment should last for such or such

a period. But the length of time for which any remedy is

to be used must depend on its effect, and on the nature of

the particular case. It is found, however, that the con-

tinued use of mineral waters leads to certain disturbances

of the system, which have been called crises, such as sleep-

lessness, colics, and diarrh(T>a, ami to skin eruptions knowii

as la jioiiKxcf. Tliis caii.se, and also eiTtain iwculiaiities of

the female constitution, have led to the period of three

weeks to a month being considered th(' usual jieriod for

treatment. A certain after-treatment is often prescribed

— such as persistence in a particular diet, visiting springs

or climates of a different and usually of a tonic character,

or continuing for a certain time to drink the waters at

home. It may be added that the advantage of having

recourse to mineral waters is often felt more after than

during treatment.

Since improved methods of bottling have been discovered,

and the advantage of an additional supply of carbonic acid

has been appreciated, the export of waters from their sources

has increased enormously, and most of the principal waters

can now be advantageously used at home. It may be

added that many of the artificial imitations of them are

excellent.

The history of the use of mineral waters can onl.y just

be alluded to. They have been employed from the earliest

periods, and traces of Roman work have been found at

most of the European baths which are now in favour,—at

almost all the thermal ones. Occasionally new springs

are discovered in old countries, but the great majority of

them have been long known. They have varied in popu-

larity, and the modes of applying them have also varied,

but less 80 than has been the case with most of the ordi-

nary medicines. Warm waters, and those containing

small quantities of mineral constituents, appear to have
remained more steadily in favour than any other class

within the ajipropriate sphere of mineral waters, which is

limited to the treatment of chronic '"isease.

Tlie attempt has been made to range mineral waters

aeeordingto their therapeutic action, according to their

internal or external use, but most generally according to

their chemical constituents so far as they have been from
time to time understood; and a judicious classification

undoubtedly is a help towards their rational employment.
But their constituents are so varied, and the gradations
between different waters are so finely shaded off, that it

has been found impossible to propose any one definite

scientific classification that is not open to numberless
objeetions. Thus a great many of the sulphur waters are
praetically earthy or saline ones. Vet because they con-
tain very minute amounts of Bueh a gas as hydrosulphuric
acid, an ingi-edient so palpable as always to attract
attention, it is considered necessary to class them under
the head of sulphur. The general rule is to attempt to
class u water under the head of its predominant element;
but if the amount of that be extremely small, this leads,
to such waters as those of Mont Dore being classified as
alkaline or arseniated, because they contain a very little

soda and arsenic. Theclnssifieation in the following table,
which is that usually adopted in Germany, has the merit
of compara.1 ive simplicity, and of freedom from theoreticid
consideiations which in this matter influence the French
much more than the German writers. The more import-
ant constituents only are given. The amount of solid
constituents is the number of parts to one thousand parts
of the water; the temperature of thermal springs is added.
The waters are classifiid as indifferent, earthy, salt, sul-
phuretted, iron, alkaline, alkaline saline—with subvarietiea
of table vvat/crs and jmrging waters.
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Sail Waters are so called from containing a predominant amount

of chloride of sotlium. They also goncmlly contain chlorides of

magnesia and of Umc, and occasioually small amounts of lithium,

bromine, and iodino. They further ofteu conuin a little iron, which

is an impor'ant addition. Tlio ijrcat majority of tho drinking wells

have a lar^a supply of ' '.. There are cold and hot salt

springs, gonu-linus i I for drinking, sometimes for

bathing; and the doub. m is often resorted to.

Tho normal quantity of common salt consumed daily by man is

usually set down at about 300 grains. The maximum quantity

likely to bo Ukon at any well may bo 225 grains, but commonly not

more than half of that amount is taken. The increase to the usual

til ' • • •' '; probably not much more than one-third.

! that the action of a solution of salt on an

,: ; nt from that of the same amount of salt

takcii wiiU fuud. Siilt introduced into the stomach excites the

secretion of gastric juice, and favours the peristaltic actions, and

when tikL-n in consilorablc quantity is distinctly aperient. We
thus sci lujw it is unful in dyspepsia, in atony of tho stomach and

Inttstiiii.;;, and sometimes in chronic intestinal catarrh. Salt wlicn

absorbed by the stomach appears again in the urine, of which it in-

creases the amount both of Huid and of solid constituents, especially

of the urea. It seems therefore to be pretty certain that considerable

quantities of salt taken into the circulation increase tho excretion

of nitrogenous products through the urine, and on the whole

accelerate the transformation of tissue. Salt ' is thus useful in

scrofula by stimulating the system, and also in antemia, especially

when iron is also present. In some German stations, as at Soden,

carbonated salt waters are considered to bo useful in chronic

larynritis or granular pharjrngitis.

Hatns of salt water, as usually given, rarely contain more than 3

per cent of chloride of sodium, some of the strongest perhaps from

8 to 10 per cent Their primary action is as a stimulant to the

skin, in which action it is probable that the other chlorides,

especially that of calcium, and still more the carbonic acid often

present, cooperate. In this way, and when aided by various pro-

cesses of w-hat may be termed w-ater poultices and packing, tlicy

arc often useful in removing exudations, in chronic metiitis and
in some tumours of the uterus, and generally in scrofula and rachitis,

and occasionally in some chronic skin alfections.

Tho French accord high praise to some of their thermal salt

waters in paralysis, and some German ones are used in a similar

way in spinal alTections. The salt w-aters are sometimes so strong
that they must be diluted for bathing. In other cases concen-
trated solutions of salt are added to make them sufficiently strong.

These waters are widely diffused, but on the whole Germany is

richest in them, especially in such as are highly charged with
salt. Tlie Kissingen springs may be considered as typical of the
drinking wells, and sea-water of bathing waters. The air of salt-

works and pulverization o' the water are emnloved in German
batlis as remedial agents.

Salt springs are found in many quarters of the world, but the
chief carDonated groups for drinking purposes occur in Germany,
and at Saratoga in America, where very remarkable wells indeed
are to be found. Franco and England have no springs of this
class. The stronger wells, used cniefly for bathing, occur where

Table IV.—Sa^i Springs.

MINEKAL IS^ATEKS

Locality.

Soden. near Fiankforl

HomburfT, do

Kissingen, Bararla.

Pyrmont, North Germany..

Krcaznacb, near Bingen..

Wiesbaden, Nasinn

Badcn-Badcn

Bourboone, Haute-Uamo

Balaruc, South France.....

Salins, Moatien, Saroy (1460 ft.)

Brides, Savoy (1700 ft.)

Acqnl, North Italy

Abeno, du

}

CAldos do Mombuy, near 1

Barcelona

Ttmp.
• Falir.

Cestona, Gulpuzcoa, Spain..

159

156

114-149

116-6

S6

95

169

185

153-168

es-94

Thei-apeutic Action.

j Dyspepsia, aniemla, scrofula,

I Bpcclulforlhroatandphthbls.

j Dyspepsia, BUgliler hepatic
\ atftictions, chlorosis, cout.
In all essentials the same,

j Better Itnown for Its iron; has
\ a good salt drinking spring.
(A salt well without carbonic acid

tised in scrofula and amemla;
bathing more important.

J Used In dyspepsia and gout; the
( bathing Is most Important,

j Still mllderwaCer; uses similar;

] gout.
i Khctimatism, neoralgia, effects
1 of malaria.

j Do.; special for treatment of
1 paralysis.

Scrofula, atucmla. loss of power,
sexual dl-sordd-s.

Act on liver and digestive canal

;

used for obesity.

RhcumQiism; special treatment
with the bath deposit.

Cliledy as baths; mud of bath
used for poultice.

Rheumatism, sciatica, old tn-

juilea.

Rheumatism, Indigestion, brtin-
chlMs.

Almost ail tho aboro stations hare seVeral springs of various sticngtiis : tho cold
may be said to rary from 14 to 5 8 per cent, of chl.,tlde of sodium : the worn ore
generally •ccakcr, perhaps Tarjlng from 6-8 to 16.

there are sait-bcarihg strata, as in Germany, Galicia, Italy, Switzer-

land, France, and England. Very powerfiil waters of this cki^ ani

those of St Catherines in (Canada.

The presence of minute portions of iodine or bromine in salt

waters is. by no means infrequent, and they appear in considerable

qDuiiiiiy in some few. It is, however, extremely doubtful whether

any known sjning contains a sufficient quantity of iodine, still more
of orominc, to act specially on the system, even if that action were
not necessarily superseded by the presence of the large quantity of

other salts with which they are associated. Some of the best known
springs of the kind arer:—Challes, Wildegg, (3astrocaro, Hall, Adel-

heid's Quelle, Kiankcnheil, Kreuznach, Woodhall Spa.

Iron or Chalybeate Waters.—Iron usimUy exists in waters in the

state of protoxide or its carbonate, less frequently as sulphate or

crenatc, and very rarely if at all as chloride. The quantity present

is usually extremely small. It may be said to vary from '12 to -03

in tho 1000 parts of water. Some w-ells considered distinct chaly-

beatcs contain less than -03. Many wells, especially in Germany,
have a rich supply of carbonic acid, which is unfortunately wanting
in French and English ones.

It has long been tho prevalent idea that want of iron in the blood
is the main cause of chlorosis and of other anemic conditions, and
that these conditions are best relieved by a supply of that metal.

Since the detection of it in hsemoglobuline tliis view has been still

more popular. It is pretty certain that the blood contains 37 to

47 grains and the whole system 70 to 74 grains of iron ; and it

has been calculated that in normal conditions of the system some-
what more than one grain of iron is taken daily in articles of food,

and that the same amount is passed in the fse«es; for although the
stomach takes the iron up it is excreted by the alimentary canal
mainly, it being doubtful whether any is excreted in the urine. It

is possible by drinking several glasses to take in more than a grain

of carbonate of iron in the day, equivalent to half that amount of
metallic iron. It has further been ingeniously reckoned from practice

that 10 to 15 grains of metallic iron suffice to supply the deficiency

in the system in a case of chlorosis. It is thought probable that
a portion of the iron taken np in water is in certain pathological

states not excreted, but retained in the system, and goes towards
making up the want of that metal. But, whether this or any other
explanation be satisfactory, there is no question as to the excellent

eflccts often produced by drinking chalybeate waters (especially

when they are carbonated), and by bathing in those which are rich in

carbonic acid after they have been artificially heated As regards
the drinking cure we must not, however, forget that carbonate and
chloride of sodium, and also the sulphate, are often present and must
be ascribed a share in the cure. Thus chloride of sodium is a power-

Table V..

—

Stronger Salt Waters.

Locality.
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ful adjuvant in the strong Stalil Quelle of Hombiirg and in the

Putnam Vr'cU at Saratoga. A whole category of female complaints is

treated successfully with these waters. Indeed auxmia from any
source, as after fever or through loss of blood, and enlargements of

the spleen, arc benefited by them. The stimulating action of the

copious supply of carbonic acid in steel baths is a very important
adjuvant; no one now believes in direct absorption of iron from the
bath. Iron waters are scarcely ever thermal. They are extremely
common in all countries,—frequently along with sulphuretted

hydrogen in bogs, and near coal-measures. But such springs and
non-carbonated wells e yuerally are weak, and not now held in much
esteem.

It may be added that some of the strongest known ironwclls are

mlplialed or alumiimted. They are styptic and astringent, and can
only be used diluted. They are sometimes useful as an application
to ulcers and sores. Such springs have often been brought into notice,

but never retain their popularity. They are known in the Isle of

Wiglit, in Wales, in Scotland, as well as in Elba, &c. ; and of late

years the Bedford Alum and Oak Orchard Springs, U.S., have been
brought iuto notice, the latter containing 10 grains of free sulphuric
acid in the pint. AH such springs have been considered useful in

scrofula, anivmia, and chronic diarrhceas.

Sulphur Springs.—Waters having the odour of hydrosulphuric
acid, however slightly, are usually called sulphur ones. They owe
their smell sometimes to the presence of the free acid, sometimes
to sulphides of sodium, calcium, or magnesia, and sometimes to

both. Hydrosulphuric acid is absorbed more freely by cold than by
hot water, and is therefore most abundant in cold springs. The
sulphides decompose and give ofif the gas Most of these springs
occur near coal or shale measures, or strata containing fossils, or in

moors and in places generally where organic matter is present in

the soil or strata. Many of them contain so little mineral impreg-
nation that they might as well be classed among the indifferent

or earthy waters. One group contains a considerable amount of

chloride of sodium, another of sulphate of lime, while a third has
little mineral impregnation, but contains sulphides.

Hydrosulphuric acid is a strong poison, and its action on the
system has been pretty well ascertained. It has been assumed that

the gas in mineral .waters acts similarly, though in a modified
degree ; but there is next to nothing absolutely known of the
action of the small quantities of the gas that are present in mineral
waters, and which certainly have no toxic effect. It has been
assumed that this gas has some special action on the portal system
ajiu so on tue liver. On the connexion of metallic poisoning
with the liver has been founded the idea that sulphur waters are

useful in metallic intoxication. Drinking large quantities of these

waters, especiaDy of such as contain sulphates or chlorides of

sodium or magnesia, combined with hot baths and exercise, may
help to break up albuminates, but there is no proof of the action

of the sulphur.

For similar reasons, and primarily to counteract mercurial poison,

sulphur waters have been considered useful in syphilis. But it

may be well to remember that at most baths mercury is used along
with them. No doubt they are frequently, like other warm waters,

useful in bringing out old eruptions, acting in this way as a test

for syphilitic poison, and in indicating the treatment that may be

Table VII.—Cold Sulphur Springs.

LoeaUty.

Eilsea, Schaunbure-Uppe
Meinberg, Llppe-Detmold
Gurnigol, SwlUerlond (3600 It.)...

Lenk. do.- (3593 ft.)...

Challes, Savoy (900 ft.)

EDgbien, near Paris .'.,

Uriage, Is^rc, France (1500 ft.)..,

Harrogate, England..'.

StrathpetTcr, Scotland.

lasdunrania, Clare, Ireland

Hydrosul-
phuric Acid
absorbed in

Water.

42-3

231
151
44-5

Sulphide
of

Sodium.

•008

•478

•106

•207

•026

Table VIII.— JTarm Sulphur Springs.

Locality.
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lowered »Uto of the system, or whether they have any direct tend-

ency to combine with fat and carry off a portion of superfluous

adipose tissue. Their excess of carbonic acid, through its action on

the stomach, favours the operation of alkaline waters. They have

bceu classed as follows:— (I.) simple alkaliiies, where carbonate of

soda is the main agent
,
(II.) waters containing in addition some

chloride of soilium
;
(III ) waters containing sulphates of soda or of

magnesia. All these classes may bo said to be used in gout, lithi-

uis, affections of the liver, catarrh, and obstructions of the gall

ducts, in.dvspei»ia, chronic catarrh of the stomach, and diarrhea,

in obciity, and in diabetes. Some of the waters of the second class

are supposed to influence bronchial catarrhs and incipient phthisis,

while tlie more powerful sulphatod waters of the third class are

especially useful in catarrh of the stomach, and in affecti'^ns of the

biliary organs ; of these only one of importance (Carlsbad) is ther-

mal. The rival cold waters of Tarasp contain twice as much car-

bonate of soda. The cold ones are chiefly used internally, the

thermal ones both internally and externally. The latter, besides

acting as warm water, slightly stimulate the skin when the car-

bonic acid is abundant, aua the carbonate of soda hzr. Borne slight

detergent effect on the cutaneous surface like soap. These waters

are unknown in England. They are most abundant in countries of

extinct Tolcanoes.

Classes I. and II. of alkaline waters may be said to have a sub-

variety in acidulated springs or carbonated waters, in which the

quantity of salts is very small, that of carbonic acid large. These

table waters are readily drunk at meals. They have of late years

been so widely exported as to be within the reach almost of every

one. Their practical importance in aiding digestion is in reality

much greater than one could expect from their scanty mineraliza-

tion. They are drunk by the country people, and also largely ex-

ported and imitated. They are very abundant on the Continent,

and, although some of the best-known ones enumerated below are

German and French, they are common in Italy and elsewhere :—
Heppingen, Roisdorf, Landskro, Apollinaris, Selters, Briickenau,

Gicshiibel, all German ; St Galmier, Pougues, Chateldon, French.

Associated ^th Class III. is that of the strongly sulphaUd waters

known in Germany as bitter or purging waters, which have of late

deservedly come into use as purgative agents. They are almost

wanting in France and in America, and there are no very good ones

in England. The chief supply is from Bohemia and Hungary. The
numerous waters of Ofen are the best-known, and some of them are

stronger than the Hunyadi, of which an analysis has been given in

Table I. They are easily imitated. Some of the best-known are

Ofen, Piillna, Saidschiitz, Friedrichshall, Birmerstoff, Kissingen.

Two other classes of waters demand a few words of notice. The
French have much faith in the presence of minute quantities of

arsenic in some of their springs, and trace arsenical effects in those
who drink them, and some French authors have established a class

of arsenical waters. Bourboule in Auvergne is the strongest of

them, and is said to contain ^th of a grain of arseniate of soda
in 7 ounces of water. Baden-Baden, according to Bunsen's latest

analysis, has a right to be considered an arsenical water. It is,

however, eitremoly doubtful whether the small amounts of ar-

seniate of soda which have been detected, accompanied as they are
by preponderating amounts of other salts, have any actual opera-
tion on the system. The following are among tae most noted
springs :—Bourboule, Mont Dore, Koyat, Salies (Bigorres), Plom-
bi^res, Baden-Baden.
Of late years lithium has been discovered in the waters of Baden-

Baden ; and various other places boast of the amount of that sub-
stance in their springs. Indeed a new bath has been established at
Assmannshausen on the Rhino in consequence of the discovery of
a weak alkaline spring containing some lithium. Not very much
is known of the action of lithium in ordinary medicine, and it un-
doubtedly does not exist in medicinal doses even in the strongest
springs. Among these springs are those of Baden-Baden, Assmanns-
hausen, Elster, Koyat, Ballston Spa, and Saratoga (U.S.).
American Mineral Waters.—The number of springs in the

United States and Canada to which public attention has been
called on account of their supposed tnerapeutic virtues is very
largo, amounting in all to more than three hundred. Of this number
comparatively few are in Canada, and of these not more than six (St
Catharines, Caledonia, Plantagenot, Caxton, Charlottesville, and
Sandwich) have attained general celebrity. The first three belong
to the saline class, tire Caxton is alkaline-saline, and the last two are
sulphur waters. The St Catherines is remarkable for the very large
amounts of sodium, calcium, and magnesium chlorides which it
contains, its total salts (450 grains in the pint) being more than
th.-eo times the quantity contained in the brinebatns of Kreuz-
nach in Prussia. The Charlottesville and Sandwich springs likewise
surpass the noted sulphur-waters of Europe \n their excessive per-
centages of sulphuretted hydrogen, the former containing more than
3 2nd the latter 472 cubic inches of this gas in the pint
The mineral springs in the United States are very unequally dis-

tributeil, by far the larger number of those which are in high
medical repute occu'rine along the AoDalachianxliain of mountains

and more especially on or near this chain where it passes through the

States of Virginia, West Virginia, and Now York. The Devonian

and Silurian formations which overlie the Eozoio rocks along the

course of the Appalachian chain have been greatly fissured-the

faulting of the strata being in some places of enormous magnitude

—by the series of upheavals which gave riso to the many parallel

mountain ridges of the Appalachians. In many places the springs

occur directly along the lines of fault. The various classes of

mineral waters are Ulcowise very unequally represented, the alkaline

springs, and those containing Glauber and Ej>soin salts, being much
inferior to their Euroi)ean representatives. On the other hand, the

very numeroils and abundant springs of Saratoga compare very

favourably with the Selters and similar saline waters, and among
tho many American chalybeate springs the subclass represented

by the Rockbridge Alum is unequalled in regard to the very large

percentages of alumina and sulphuric acid which it contains.

Besides its greater amount of mineral constituents (135 grains per

pint), the Ballston spring surpasses the similar saline waters of

Homburg, Kissingen, Wiesbaden, anJ Selters in its percentage of

carbonic acid (53 cubic inches). It is also remarkable for the very
largo proportion of carbonate of lithia, amounting to 0'701 grains.

Thermal springs are specially numerous in the territories west of

the Mississippi and in California. Those in the east mostly occur
in Virginia along the southern portion of tho Appalachian chain

;

in the middle and New England States Lebanon is the only im-
portant thermal spring. Subjoined is a list of thirty American
springs, the design being to represent as many of the more noted
spas as possible, while at the same time enumerating the best repre-

sentatives of the classes and subclasses into which mineral waters
are divided according to the German method of classification.

Designation and Locality.

^cbanon Columbia Co. N.Y. (73° F.)..

Uealing, Bath Co., Va. (88° F.)

Warm, Bath Co., Va. (98' F.)..

Hot, Bath Co., V». (110° F.)

Paso Roblea, San Luis, Obispo Co.,

)

C«L (122" F.),.. /

Hot, Garland Co., Ark. (03'-150° F.^...

Gettysburg, Adams Co., Penn .,

Sweet, Monroe Co., W. Va. (74" F.)

°t.< Berkeley, Movgnn Co., W. Va. (74° F.).

rty Alleghany, Montgomery Co., Va

Bcthesda, Waukesha Co., Wis

'Lower Blue Lick, Nicholas Co., Ky
Sharon, Schoharie Co., N. Y._

Whlto Sulphur, Greenbrier Co., Va

^Salt Sulphur, Monroe Co., W. Va. ...

Bedford, Bedford Co., Penn

[St Catherines, Ontario, Canada..

E^ J Caledonia, Ontario, Canada

I""
I

Halhome, Saratoga, N.T

Ballston, Saratoga Co.. N.Y

Therapeuttc Appllcalion

IB

Oak-Orchaid Add, Genesee Co., N.Y.

Rawlcy, Rockingham Co., Va
Sw:ct Chalybeate, Alienhnny Co.. Va.
RockbriOgo Aium, Rockbridge Co., Va.

Cooper's Well, Hinds Co., Mlsi

•gi: f Crab Orchard, Lincoln Co., Ky
«cZ ( MidlanJ. Midland Co., Mich
O •

(BIndon, Choctaw Co., Alo. (carbon-

)

«tcd alkaline) t
Congress, Santa Clara Co., Cai. f

(saline alkaline) f
St Louis, Gratiot Ca, Mich. (-Inipie I

V. alkaline)..

Scrofulous ulcers and ophthol
mia,ozxna,chronlc diarrhcca
and djsentci-y, secondary
and tertiary syphilis.

^Chronic and subacute rheumS'
< tism, gout, neuralgia, neph'

( ritic and calculous diseases.

i

Chronic rhenmatism, gout,
diseases of Uvcr, neuralgia,
contractions of joints.

^Dartrous diseases of skin,

J functionaldlscasesof uterua
"l chronic mercurial and lead

\ poisoning,

j Calculus, gravel. cataiTh of

\ stomjichor bladdcr.dyspepsia
( Gravel, dyspcpiia (diuietic,

( diaphoretic).
Neuralgia (restorative).

Purgative, diuretic.

( Diabetrjs mellilus, gravel. In
.< fiammation of bladder.diopsy,
( albuminuria (diuretic).

Aperient and alterative.

Do. do.
( Dartrous akin diseases, dls-

K cases of the bladder, jaun
( dice, dyspvpsla.

Do.; scrofula and syphilis.

f Ansemla, gravel, calculus

I (strongly diuretic).

I Rlienroatism, gout, scrofula,

i neuralgia.
Rhcumiitlsm. gont.

( Dj spepsia, Jaundice, abdoml.
\ nil plethori
Do. do. do.

/Ulcers, diseases of the skin,

J pnasivo hremniThagcs, atnnlc

J
diairha;a(liaslOgrainso(frce

( sulphuiic acid In the pint)

J Chlorosis and anaemia gene-
\ rally; tonic.

Do. do. do.
Scrofula, chronic diarrhoea,

f Aniemia, chlorosis, chi'onlc

\ diarrhoea, dropsy.

/ Dyspepslo, ncnralgln, chronic
( and subacute rhcumatlsni.

B M r^^ii ' nl i \^,l'il''-
"""'"""'"'^r IhilqutlUnlihrt, Vienna, lUiB. M. Lerscl. IlydrochtmU, 1870 and many other works

; Hcltft JIandbuch?

w ™ r I ; hii^'T"""-
*"*" "• erunncn L,hr,, Bonn, 1877; J. Braun

S^.r^;, ?,",?• ^""'"""."T-"'"'.
4th ed., by Frorrm, Berll,

, 1880; 6. Leich:lenslcrn, Lalncathtrapif. Leipsic, I8S0. 2. French : Z((rfi„n„a(r« dfi E.tui

X™';. wL:?';"/ V"-
D",™"<'''«rdel. Ac. 2 vols., Paris. I8C0 J. L "rt ",aW*Chtmu Uvdrolologigu.. 2d ed., Pwla, 1873 ; C James, Oui* f:ali,u"au!rEaui<
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minerales, Paris (many editions) ; Mac*. Guide aux Tit'a (THavx, &c., Fans,

1681; Joanne and Le Pileur, i« Bains (tEurope, Paris. 3. Swiss : Meyer Alirens,

neVquellen der Schweitt, ZUrictl. 18G7 ; Gsell Pels, Die Badtr und Kurorle der
Sctnceil:, ZUricli, 1880. 4. Italian: G. Jervis, Ouida-alle Acque Minerali
d'Jta/ia, Turin, 187G, Ac; E. F. Hariess, Die Heitguetlen und Kurbdder Jcaliens,

Berlin, 1848. 5. Spanish : Rubio, Tratado de las Fventes Mina-ales de Espafia,

Madrid, 1SJ3; Don J. de Anteio y Sanctiez lias recently publislied a woi k on Spanish
waters, ti. English : T. Slioit, History of the Mineral Waters, London, 1734; J.

Rutty, Methodical Synopsis of Mineral Waters, London, 1757; Granville, Spas of
England. 1841; E. Lee, Mineral Springs of England, London, 1841; J. Macpher-
son, Ou- Baths and Wells, 1871 ; Id., Baths and Wells of Europe, 1873; and H.

Weber's English edition of Braun, London, 187j. A great portion of the literature

is to be found in monographs on particular places. 7. American: J. Bel!, The
Mineral and Thermal Springs of the United States and Canada, 1855: Moorman,
The Mineral Waters of the United Slates and Canada. 1867; Chandler, Lecture

on Water. 1871: Walton, The Mineral Springs of the United States and Canada,

1875. (J- M.—A. R. L.)

MINERVA {i.e., menes-va, endowed with mind) was the

Roman goddess who presided over all handicrafts, inven-

tions, arts, and sciences. She was probably an Etruscan

deity, but her character was modified on Roman soil through

her identification with the Greek PaUas Athena . (see

Athena). No legend of her birth is recorded ; the Roman
deitie.s were abstractions, not distinct persons with an

individual history. Her chief worship in Rome was in the

temple built by Tarquin on the Capitol, where she was

worshipped side by side with Jupiter and Juno. This

foundation may be assigned to Etruscan influence. She

had also an old temple on the Aventine, which was a regular

maeting-place for dramatic poets and actors. The dedi-

cation day of the temple and birthday of the goddess

was March 19, and this day was the great festival of

Minerva, called quinquatrus because it fell on the fifth

day after the Ides. The number five was sacred to the

goddess. All the schools had holidays at this time, and
the pupils on reassembling brought a fee (minerval) to the

teachers. In every house also the quinquatrus was a

hoUday, for Minerva was patron of the women's weaving

and spinning and the workmen's craft. At a later time

the festival was extended over five days, and games were

celebrated. This feature is evidently due to the Grjecizing

conception of Minerva as the goddess of war. To this same
Grsecizing tendency we must attribute the lectistemium

to Minerva and Neptune conjointly after the battle of the

Trasimene Lake. The 23d had always been the day of

the tubilustrium, or purification of the trumpets, so that the

ceremony came to be on the last day of Minerva's festival.

Trumpets were used in many religious ceremonies ; and
it is very doubtful whether the tubilustrium was really con-

nected with Minerva. There was another temple of Minerva
on the Caelian Hill, and a festival called the lesser quin-

(juatrus was celebrated there on June 13-15, chiefly by the

flute-players.

Minerva of the Caelian temple was called Capta; June 19 was
the foundation day of this temple and the birthday of the goddess.

Tlie jmllaAium, an archaic image of Pallas, was brought from Troy
to Laviniuni, and thence to Rome by the family of the Nautii ; it

was preserved in the temple of Vesta as a pledge of the safety of

the city. There are some traces of an identiiication of Minerva with
the Italian goddess Nerio, wife of Mars ; it is probable that March
19 was originally a feast of Mars.

Besides Preiier, Rom. Myth., and Hartung, Relig. d. Homer, Ac, see Jonian,
Ephan. Epigraph., i. 238 ; Mommsen, C*. /. L., 1. 388 ; Usener, Rhein. Mus., xxx.
222.

MINGRELIA, a former principality of Transcaucasfa,

which became subject to Russia in 1804, and since 1867
has constituted three circles of the government of Kutais

—

Letchgum, Senakh, and Zugdidi. The country corresponds

to the ancient Colchis; and Izgaur or Iskuriah on the Black

Sea coast, which was the capital during the period of

Mingrelian independence under the Dadian dynasty, is to

be identified with the ancient Dioscurias, a colony of

Miletus. The Mingrehans (still almost exclusively confined

to the Mingrelian territory, and numbering 197,000) are

closely akin to the Greorgians. See Caucasus, vol. v. p.

257, and Georgia.

MINIATIIRE is a term which by common usage has

come to be appl'-id to two di^preat branches of painting.

Derived from the Latin word minium, the red pigment
used in the primitive decoration of MSS., in the first place
it is the technical word employed to describe a painting in
a MS. ; and, from the fact of such pictures being executed
on a reduced scale, it has its secondary and modem signifi-

cation of a small, or miniature, portrait. In the latter sense
it belongs to the general subject of painting. Here it is

proposed to trace the development of the miniature in MSS.
of the different schools of Europe.

The rise of the art of Illumikation, in which the
miniature plays so important a part, has been described
under that heading ; and something has been said in that
place about the earliest extant specimens of miniature
painting. Unfortunately we cannot -svith any certainty
reach farther back than the 4th century for the most
ancient of them ; and all remaining examples between that
period and the 7th century in Greek and Latin MSS.
can be counted on the fingers. The two famous codices of

Virgil in the Vatican Library stand pre-eminent as the
most ancient Latin MSS. decorated with paintings. The
miniatures in the first of them, the Codex Bomanus,
are large and roughly yet boldly executed paintings, which
have no pretension to beauty, and are simply illustra-

tions ; but they are as old as the 4th century, and are

of the highest value in enabling us to appreciate- the
debased style to which classical art had descended, and
which no doubt was more largely employed than we might
think. The second MS., the Schedx Vaticanx, which may
also be assigned to the 4th century, is far more artistic

and retains a good deal of the grace of classic art. Of
the same kind, but of rather later date, are the fragments

of the niad in the Ambrosian Library at Milan, the

miniatures of which are generally of excellent design.

Next comes the Dioscorides of the Imperial Library at

Vienna, with its semiclassical portrait-miniatures executed

at the beginning of the 6th century. Of a rather later

period are the paintings which illustrate the Greek MS.
of Genesis in the same library. A far finer and older MS.
of the same book of the Pentateuch once existed in the

Cottonian Library, but was almost totally destroyed by
fire. The few fragments of . the miniatures which once

filled this volume, and which were of the 5th century, are

sufficient to show what excellent work could be done in the

capital of the eastern empire, from whence the MSS. most
probably came. The late interesting discovery of an illus-

trated MS. of the Gospels in Greek, of the latter part of

the 6th century, at Rossano in southern Italy, adds another

aumber to our scanty list of early volumes of this class,

which is closed by the Latin Pentateuch in the library of

the earl of Ashburnham. This last MS., however, is not

older than the 7th century. It was executed in Italy,

and is adorned with many large miniatures, not of high

artistic merit, but of great interest for the history of

painting and of costume.

Coeval with the MSS. which have just been enumerated

are the beautiful mosaics and wall-paintings which are

seen at Rome, Ravenna, and in other parts of Italy, serving

as standards of comparison and' carrying on the history of

art where MSS. fail us. The strong and ever-increasing

Byzantine element which appears in these works prepares

us to find the predominance of the same influence when we
again pick up the broken thread of the history of miniature

painting. We may then, at this point, turn for a moment
to the east of Europe and state briefly what remains of

Greek art in MSS. Of Greek miniatures there are still

many fine examples extant, but, excepting those which

have been noticed above, there are few which are earlier

than the 11th century. At this period the miniature

appears in the set form which it retained for the next two

or three hundred years ; and the connexion between its



438 MINIATURE
style and that of the mosaics is too evident for us to be at

a loss to explain the course of development. The figure

drawing ia delicate, biit rather exaggerated in length; the

colours are brilliant; and the whole effect is heightened by

glittoriog backgrounds of gold. In some few instances,

however, the Greek artist breaks away from conventionalism,

•nd, especially when pourtraying the divine features of the

Saviour or some subject which deeply stirs his feelings, he

surprises us with the noble dignity with which he invests

his figures. Minuteness also caught the fancy of these

Byzantine miniaturists ; and there still remain MSS^ such

as Psalters and saints' lives, adorned throughout vrith

delicate little drawings of great sjTnmetiy and beauty.

The onwraentation which was employed in Greek MSS.

in the period of which we are speaking, either as frames

for miniatures or as borders or head-pieces, is designed

evidently after Eastern types, and has more than an

accidental likeness to the patterns which are seen in the

tapestries and prayer-carpets of Persia. After the 13th

century decadence sets in, and we need- not follow the

course of Byzantine art in MSS. farther than to notice that

immediately from it sprang such national styles as those

of Russia, Bulgaria, and modern Greece.

Meanwhile, in the West, under the fostering care of

Charlemagne, arose a great school of decoration in MSS.,

which at the close of the 8th and beginning of the 9th

century were multiplied and enriched with all the splendour

that colours and gilding could give to them. But the

books thus ornamented were almost always copies of the

Gospels, or Bibles, or church service books, which afforded

little scope for invention. Hence among the miniatures of

this period we have an endless repetition of portraits of

the evangelists, drawn, for the most part, in a lifeless way
after Byzantine traditions, and degenerating, as time passes,

into poMtive ugliness. The few miniatures of other descrip-

tions, such as Biblical illustrations, show no great merit,

and a half-barbaric splendour was generally preferred to

artistic effect But an exception must be made in regard

to the style of drawing found in the MS. known, on

account of its present resting-place, as the Utrecht Psalter.

This volume is filled from beginning to end with delicately

drawn pen illustrations, designed sind executed with a

facility which, compared with the mechanical and clumsy
drawing of other Continental MSS. of the period, is astonish-

ing. And these drawings are of.particular interest for us,'

as they are of the style which was adopted in England and
which gives to Anglo-Saxon art its distinctive aspect.

Executed about the year 800 or early in the 9th century,

and probably in the north of France, the voliune was soon
brought to England, where, however, MSS. of the same
kind, it may be assumed, had long before been intro-

duced. The light " fluttering " outlines of the drapery and
other details of the dra^vings seem to suggest that the
original models were derived directly from Roman life, and
perhaps partly copied from sculpture; but those models"
must have gone through many modifications before passing
into the style of the drawings of the Psalter. That the
MS. was copied from aii older one there can be scarcely a
doubt ; and it ia not impossible that the original archetype
may date back some centuries earlier. May not MSS.
which St Augustine and his successors brought from Rome
have contained drawings of the same kind? This style of

drawing was, at all events, adopted and became nationalized

in England ,: but it had there a rival in the Irish school of

ornamentation, introduced from the north of the island.

The early civilization of Ireland placed her in the van of art

development in these islands. The wonderfully intricate

interlaced designs which render Irish MSS. of the 7 th
and 8th centuries such marvels of exact workmanship
derive their origin, in all probability, from the metal-work

of earlier ages. But, apart from ornamentation, the Irish

miniatures of saints and evangelists are extraordinary and

grotesque instances of purely mechanical drawing, which

cause us to wonder how the same eyes and hands which

assisted in the creation of such beautiful specimens of pure

ornament could tolerate such caricatures of the human

shape. The explanation is perhaps to be found in super

stitious regard for tradition. This style of art was carried

by the monks to lona and thence to Lindisfarne, where was

founded the school which produced, in the 8th and 9th

centuries, the richly ornamented codices of Durham. While,

then, Byzantine models were copied on the Continent, the

free drawing introduced from the south and the intricate

ornamentation brought in from the north were practised in

England; but the free drawing, with its accompanying

decoration copied from foliage, and gradually developing

into beautiful borders harmoniously coloured, gained the

day, and lasted down to the time of the Norman, Conquest.

The one. great fault of this latter style of drawing strikes

the eye at the first glance. This is the inordinate length

of limb with . which the human figures are endowed. But

this blemish is forgotten when one comes to appreciate the

many points of merit in the designs.

In Italy, after a long period of inactivity, two very

different styles of decoration of MSS. sprang into existence.

The first of these was that of the Lombardic school, which

is distinguished by intricate patterns and bright colouring.

The large initial letters which are found in the MSS. of

the 11th and 12th centuries, the best period of this

style, are often a perfect maze of interlaced bands and animal

forms, and are extremely handsome and effective. Figure

drawing, however, seems to have been but little practised

by the Lombardic artists, but such as there is appears on

a broad scale and well executed. In the collections of

Monte Cassino are some of the best examples of this

school. In the second style which developed in Italy the

Byzantine influence is at first most marked. Indeed,

among its early specimens of the 13th century are

some which might pass for the work of Greek artists. But
the genius of the Italians soon assimilated the foreign

element, and produced a national school which spread

throughout the peninsula and afterwards extended its

influence to southern France and Spain. It is, however,

remarkable that in a country which produced such fine

pictures and wall-paintings at an early date there is com-

paratively little miniatxire painting in contemporary MSS.
A curious and early instance of this kind of art occurs

in a MS. in the British Museum, WTitten and orna-

mented with a series of miniatures at Winchester, in the

12th century, in which are two paintings "which are

purely Italian and of. more than ordinary excellence.

In the majority of the extant Italian miniatures of the

Hth century the influence of the great artists of the

Florentine school is manifest. The peculiar treatment of

flesh tints, painted in body colour over a foundation of

olive-green, and the peculiar vermilion and other colours

which need be but once seen to be ever afterwards recog
nized as belonging to this school, are constantly present.

The figures are generally rather shortened and the drapery
carried in straight folds, very different characteristics from
the swaying figures and flowing drapery of the English and
French artists of the same period. The ornamentation
which accompanied this style of miniature generally

consists of heavy scrolls and foliated or feather-like

pendants from the initial letters, with spots of gold set

here and there in the border. There are also extant some
examples of a most beautiful kind of ornamentation which
appears to have originated in central Italy, and which
seems to partake of the qualities of both the styles of

Itahan art of which wo have been speaking, combinint



illNIATUKE 439

the drawing of the Florentine school with a lighter colour-

ing which may have been suggested by the Lombardic.

'

Of native Spanish miniature art little can be said. In

the Visigothic MSS. of the early Middle Ages there is no

ornament beyond roughly coloured initial letters and some

barbaric figure drawing. A little later, however, we get

some indication of national peculiarities in the MSS. of

the 10th, 11th, and 12th centuiies. Here there appear

miniatures, stiS and rude in their drawing, but exhibiting

the unmistakable Spanish predilection for sombre colours,

—dusky reds and yellows and even black entering largely

into the .compositions.

The materials at our disposal of the 10th, 11th, and

12th centuries show the gradual development in France

and western Germany of a fine free-hand drawing which

was encouraged by the proportionately increasing size

of books. 3oth in' outline and colour the fully de-

veloped miniatures of the 12th century are on a grand

scale ; and initial letters formed of scrolls and interlacings

assume the same proportions. The figure drawing of this

time is frequently of great excellence, the Umbs being well-

proportioned ; care is also bestowed upon the arrangement

cf the drapery, which is made to foUow the shape and, as.

it were, to cling to the body.

But the great revulsion from thp broad effects and bold

grandeur of the 12th century to the exact details and careful

finish of the 13th century is nowhere more striking than

in miniature painting in MSS. With the opening of the

new period we enter on a new world of ideas. Large

books generally disappear to give place to smaller ones

;

tninute writing supersedes the large hand ; and miniatures'

appear in circumscribed spaces in the interior of initial

letters. The combination of the miniature with the initial

brings it into close connexion with the ornamental border,

which develops pari passu vnth the growth of the minia^

ture and by degrees assumfes the same national and
distinctive characteristics. Burnished gold was now also

freely used, tending to give the mitiiature a more decorative

character 'than formerly. In England, northern France,

and the Netherlands the style of mim'ature painting of

this period was much the same in character; and it m
often difficult to decide from' which of these countries a

MS. is derived. English work, however, may be often

distinguished by its lighter colouring, while deeper and
more brilliant hues and a peculiar reddish or copper tinge

in the gold marks French crigin. The drawing of . the

Flemish artists was scarcely sc good, the outlines being

frequently heavy and the colours rather dulL Of the

Rhenish or Cologne school examples are more scarce ; but

they generally show greater' contrasts in the colours,

which, though brilliant, are not so pleasing. As the

century advanced, and particularly at its close, national

distinctions became more qefined. English artists paid

more attention to graceful d/awing and depended less

upon colour. In some of their be-st productions they are

satisfied with slightly tmting the figures, findmg room in

the backgrounds for display of brilliant colours and gilding.

In France the drawing, though exact, is hardly so graceful,

and colour plays a more important part. From the 13th

to the middle of the 15th century great decorative effect

is obtained by the introduction of diapered or other highly'

ornamented backgrounds. Of landscape, properly so called,

there is but-little, a conventional hill or treo. being often

taken as- sufficient indication. Borders begin in the 13th

century in the form of simple pendants from the •initial

letters, terminating in simple buds or cusps. But once

arrived fairly in the 1 4th century, a rapid development in

all parts of the decoration of MSS. takes place. There is

greater freedom in the drawing; the borders begin to throw

c-jt branches and.the bud expands into leaf. This is the best

period of English miniature painting, many of the fine MSS.
of this century which are preserved in the pilblic .libraries

bearing witiiess to the skill and delicate touch of native

artists. In France the decoration of MSS. received a great

impetus from the patronage of King John and Charles V.,

of whose famous libraries many handsome volumes are still

to be seen ; and later in the century the duke of Berri

carried on the same good work.

With regard to miniature art in Germany there are so

few examples to guide us that little can be said. Most of

them are rough in both drawing and colouring; and in

the few remaining specimens of really good work foreign

influence is distinctly seen. In the west the art of France
and Flanders, and in the south that of Italy, are pre-

dominant. Perhaps the finest JIS. of this southern style

to be seen in England is a Tsalter belonging to

Lord Ashburnham, which was probably executed in the

14th century at Prague, and is full of miniatures which
in dra-wing and colouring foQow the Italian school.

When we enter the 15th century we find great changes
in both the great English and French schools. In
England the graceful drawing of the previous century has

disappeared. At first, however, some beautiful examples of

purely native work were produced, and stiO remain to excite

our admiration.- Probably the most perfect of these MSS.
are the Sherborne Missal belonging to the duke of North-
umberland, and a very beautiful volume, a Book of Hours,

in the library of Lord Ashburnham. The care bestowed
upon the modelling of the features is particularly noticeable

in English work of this period. In decoration the border

of the 14th century had by this time grown to a solid frame
surrounding the page ; but now another form of roost effec-

tive ornament was also used, consisting of twisted feather-

like scrolls brightly coloured and gUt. As the century

advanced native English work died out, and French and
then Flemish influence stepped in.

In France immense activity was sho-wn all through the

15th century in the illumination and illustration of books

of all kinds, sacred and profane; and it is in the MSS.
of that country, and, a little later, in those of the Low
Countries, that we . can rnost exactly watch the transition

frcni medieeval to modem painting. Early in the century

there were executed in France some of the most famous
MSS. which have descended to us. In these the colouring

is mo.'t brilliant, the figure drawing 'fairly exact ; and the

landscape begins to develop. The border has grown from

the branching pendant to a framework of golden sprays or

of conventional and i-ealistic leafage and flowers. Towards
the middle of the century the . diaper disappears for ever,

and the landscape is a recognized part of the miniature

;

but perspective is . still at fault, and the mystery of the

horizon is hot solved until the century is well advanced.

And now Flemish art, -which had long lain dormant, sprang

into rivalry with its French sister, under the stimulus given

to it by the Van Eycks, and the struggle was carried on,

but unequally, through the rest of the century. French
art gradually deteriorates ; the miniatures become flat and
hard ; nor are these defects compensated for by the

meretricious practice of heightening the colours by pro-

fusely touching them -with gold. The Flemish artists, on
the other hand, went on improving in depth and softness

of colouring, and brought miniature painting to rare perfec-

tion. The borders also which they introduced gave scope

for the study of natiii-al objects. Flowers, insects, birds,

and jewels were painted in detached groups on a solid

framework of colour surrounding the page.

But if, as the 1 5th century drew to its close, the Flemings

had outstripped their French rivals, they had now more
powerful antagonists to contend with. The Italians had

been advancing with rapid strides towards the glories of
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the Renakaatice. £arl} in the centur) there arose a taste

for older models. As. for their writing and afterwards

for their pnntiog, they went back to the 11th and 12th
centuries for their standards, so they adopted again the

interlacing designs of the Lomliardic school for their orna-

ment, and produced beautiful borders of twining patterns

relieved by colour , or they took natural objects for their

modeb, and painted borders of delicate flowers made still

more bnlliant with clustering stars of gold. Later, they
drew from the ancient classical designs inspiration for the
wonderful borders of arabesques, medallions, griffins, human
forms, antique objects, ic, which they brought to such
perfection early in the next century. Their miniatures
rose to the rank of exquisitely finished pictures, and were
executed by some of ^e best artists working under the
patronage of such great houses as those of Sforza and
Medici.

Here then, having advanced to the threshold of the
domain of modern painting, we leave these two great
schools of miniaturists in possession of the west of Europe.
The Flemings had the wider field ; they were wAnderers

from home : and their works are scattered through many
lands, from England in the north to Spain in the "outh.

But Italian art had greater inherent strength, and -mil

always hold the first rank. To mstance a few o) the more
famous MSS. of this closing period ot miniature pamting

.

the Breviary of Isabella the Catholic in the British

Museum, is a masterpiece of Flemish art produced ir

Spain ; the Grimani Breviary at Venice is another fine

example of the same school Some beautiful Italian

miniatures (executed for Leo X. and others) were in the

collection lately sold by the duke of Hamilton. The ear'

of Ashburnham possesses a most delicately illumirated

Book of Hours written for Lorenzo dei Jfedici by the

famous scribe Sinibaldo in 1 485, as well as a MS. to which
Perugino and his contemporaries contributed paintings.

And in one MS., a Book of Hours belonging to Mr Malcolm
of Poltalloch, are gathered some of the best miniatures
of both schools, viz., a series of exquisite paintings by
Milanese artists supplemented by later ones of the finest

Flemish type. (e. m. t.)

MTNIMS. See Feancis (St) op Paola, vol ix. p. 695.

MINING
THE art of mining consists of those processes by which

useful minerals are obtained from the earth's crust.
This definition is wider tlian what is popularly known as
mining, for it includes not only underground excavations
but also open workings ; at the same time it excludes under-
ground workings which are simply used for passages, such
as railway tunnels and sewers, and galleries for military
purposes. We must remark also that the word "mine," or
Its equivalent in other languages, varies in signification in
difierent countries on account of legal enactments or
decisiona which define it. Thus, in France and Belgium,
the workings for mineral are classified by the law of 1810,
according to the nature of the substance wrought, into
vtinet, miniiits, et cat-rih-ea. In the United Kirfgdom, on
the contrary, it is the nature of the excavation which
decides the question for certain legislative purposes, and
the term mine b restricted to workings which are carried
on underground by artificial light; The consequence is
that what is merely an underground stone quarry in
France becomes a. true mine in England, whilst the open
workings for iron ore, such as exist in Northampton-
shire, would be true mines under the French law. It is
necessary, therefore, in an article on mining, to go beyond
the English legal definition of a mine, and include the
methods of working minerals in excavations open to day-
light as well as in those which are purely subterranean
Furthermore, as it is customary for the miner to cleanse
his ore to a greater or less extent before selling it to the
smelter, we shall treat, under the head of mining, those
processes whicQ dre commonly known as the dressing or
mechanical preparation of ores ; and, fiuaUy, a few remarksmA be made concerning legislation affecting mines in the
Umted Kingdom, accidents in mii.es, and the production
of the useful minerals in various parts of the globe.
The subject therefore will be dealt with as follows —
1. Manner in which the useful minerals occur in the

earth's crust, viz., tabular deposits and masses ; faults or
dislocations.

2. Prospecting, or search for mineral
3. Boring with rods and ropes ; diamond drill
4. Breaking ground

; tools employed ; blasting by vari-
ous methods; machine drills; driving levels and sinking
shafts. =

6. Principles of employment of mining labour
b. Means of securing excavations by timber or masonry.

7. Exploitation, or tne working away of strata or veins.
8. Carriage or transport of minerals through under-

ground road.H.

9. Winding, or raising- in the shafts, with the machinery
and apparatus required.

10. Drainage of mines, adit-levels, puirips, pumping
engines.

11. Ventilation and lighting of mines.
12. Means of descending into and ascending from

mines.

13. Dressing or mechanical preparation of minerals.
14. Recent legislation affecting mines in tlie United

Kingdom.
15. Accidents in mines.
16. Useful minerals produced in various patts of the

globe.

1. Manner in which the Use/id Mitierals Occur.—The
repositories of the useful minerals may be classified accord-
ing to their shape as (A) tabular deposits, and (B) masses.

A. Tabular Deposits.—These are deposits which have a
more or less flattened or sheet-like form. They may be
divided, according to their origin, into (1) beds or Strata,
and (2) mineral veins or lodes.

(1) £eds.—Geology teaches us that a large proportion stratia^
of the rocks met with at the surface of the earth consist 'epoait*.
of substances arranged in distinct layers, owing to the fac«
that these rocks have been formed at the bottom of s«as
lakes, or rivers by the gradual deposition of sediment oy
precipitation from solutions, and by the growth or accumu-
lation of animal and vegetable organisms. If any one of
these ayers consists of a useful mineral, or contains enoueh
to make it valuable, we say that we have a deposit in the
lorm of a bed, stratum, or seam. Of course the most
important of all bedded or stratified deposits is coal, butm addition, we have beds of anthracite, lignite, iron ore
especially ,n the Oolitic rocks, cupriferous shale, lead-
bearing sandstone, silver-bearing sandstone, diamond-,
gold-, and tin-bearing gravels, to say nothing of sulphur,
rock-salt, clays, various kinds of stone, such as limestone
and gypsum, oil-shale, alum-shale, and slate
The characteristic feature of a bed is that it is a member

of a series of stratified rocks
; the layer above it is called

the roo/ of the deposit, and the one below ,t is the^or.
Itsmtchness .3 the distance from the roof to the floor at
right angles to the planes of stratification ; its dip is the



M I ]sr_ij^^„a 441

Fig. 1.

inclination dowuwards measured from the horizontal ; its

strike is the direction of a horizontal Una drawn in the

middle plane.

The thickness of beds that are worked varies withm

very wide limits. Whilst the thickness of certain workable

beefs of coal is only 1 toot, and that of the Mansfeld

cupriferous shile only 10 to 20 inches, we. find on the

other hand one of the beds of lead-bearing sandstone at

Mechernich no less than 85 feet thick, and beds of slate

fax exceeding that thickness. It must not be supposed,

however, that the thickness of a bed necessarily remains

uniform. Occasionally this is the case over a very large

area ; but frequently the thickness varies, and the bed may

dwindle away gradually, or in-
=

crease in size, or become divided

into two owing to the appearance

of a parting of valueless rock.

Fig. 1 shows beds of shale,, lime-

stone, iron ore, and sandstone.

Any one of these beds may be

valuable enough to be worked.

(2) Mineral Veins or Lodes.—Veins or lodes are tabular

or sheet-like deposits of mineral which have been formed

since the rocks by which they are surrounded ; they differ,

therefore, by their subsequent origin frofn beds, which, as

just stated, are of contemporaneous origin with the enclos-

ing rocks ''although, of course cases occur in which the

deposit is lying unconformably upon very much older

strata, or is covered unconformably by very much younger

strata). It is necessary to explain that the term " vein
"

in this defiiiition is used in a more restricted sense than is

sometimes customary umong miners, who speak of veins

of coal, clay-ironstone, and slate, which geologically are

true beds. They see a band of valuable mineral or rock,

and, careless of its origin, caU it metaphoricaUy a vein or

seam. On the other hand, the definition is broader than

that which prevails among some geologists, who would

confine the term vein to deposits occupying spaces formed

by fissures,

The term "lode" was aefined in 1877 by Mr Justice JielJ in the

celebrated Eureka v. Richmond casp asfollows:—"We are ofopinion,

therefore, that tho term,.a3 used in the Acts of Congress, is applic-

able to anyzone or belt of mineralized rock lying within bound-

aries clearly separating it from the neighbouring rocks." This

interpretation seems suitable for the peculiat mining tenure of the

United States, where the discoverer of a vein or lode can obtain

a miniii ' olaim of 500 yards in length along the lode. It protects

the prosT.ector, whose object is to obtain a secure title, the mode of

origin , .f v.he deposit being a matter of small importance to him so long

as ft i', worth working. In many cases also it would be impossible

to deci ie upon the mode of origin until workings had progressed

considerably, and even then there would be room for disputes.

i'Jo doubt a very large number of mineral veins are

simply the contents of fissures ; others are bands of rock

impregnated with ore- adjacent to fissures or planes of

separa°tion ; others, again, have, been formed by the more

or less complete replacement of the constituents of the

original rock by particles of ore.

Veins may occur in igneous or in sedimentary rocks,

and in the latter they frequently cut across the planes of

stratification.

Like a bed, a vein has its dip and strike ; but, as the dip pf veins

is generally great, the inclination is usually measured from the

vertical, and is then spoken of as the underlie or hade. The

bounding planes of a vein are called th" walls or checlcs, and they

are frequently smooth and striated, showing that one side must have

slid against the other. The upper wall is known as the hanging

wall, the lower one as the foot wall.- The width ol a vein is

measured at right angles to the walls

A tvpical example of a fissure-vein is shown in iig. 2, repre-

senting a lead lode in slate at Wheal Mary Ann mine' in Cornwall.

It is evident that a fissure in the surrounding slate has here been

filled up by the successive deposition of bands of mineral on both

sides.

A large proportion of the contents. of a loiie may consist of

fragments of the walls that have fallen into the original fissure, and
these are often tightly cemented

;

togetlier by minerals that have i

been introduced subsequently. The
horizontal section of part of the

;

Comstock lode' (Plate IV.) shows ;

much " country " rock enclosed
;

within the walls.

Where a lode consists of rock
impregnated with ore, the mineral-

ized part may fade away gradually
into the surrounding rock {country)

without there being any distinct

f p! 3 1 t S if!!

3
Fig. 2.

wall, as shown in fig. 3, which is an illustration taken from' the

Great Flat Lode' near Kedruth in Cornwall.

The celebrated Ruby Hill deposit in the EureKa district, Nevada,

is a mineralized zone of dolo- i..t_. i,,,^^,^
|

c«»iit.. .,>,>
mitio limestone varying in '^v^^
width from a few inches to >>''</

450 feet, and having a mean
width of 250 feet. It con-

tains numerous irregular ore-

bodies, which consist mainly
of highly ferruginous car-

"""'

bonate of lead, rich in silver

and gold. This mineralized

limestone band, long called Fig. 3.

a lode by miners, has been determined by the decision just men-

tioned to be a lode in the eyes of the law.

Veins often continue for a great distance along their strike. The

Van lode in Jlontgomeryshire is known for a length of 9 miles,

whilst the Great Quartz A'ein in - California has been traced for a

distance of no less than 80 miles. Veins are of less uniform pro-

ductiveness than beds, and are rarely .worth working tbroughjjut.

Rich portions alternate with poor or worthless portions. The rich

parts have received various names according to the forms they

assume : fig. 4 represents a

longitudinal section along the ,„„ ,,,,,^ ^j«^
strike (course) of a lode, and >

°" "'"_.,•.. Tt!?--'\ - f
the stippled parts are ore-

bodies ; B, B, B are lunches; A
is a large bunch or course of

ore; when an ore-body forms

a sort of continuous column
we have a shoot, and ore-

bodies which on being ex- j-jg, 4.

cavated leave chimney-like

openings are callei'pipes (fig. i, C). In the United States the

Spanish word bcnanza, literally meaning "fair -aeather" or "orb-

sperity," is frequently used for a rich body of ore.

The richness of veins is dependent in many cases upon the natura

of the adjacent rock {country), upon the underlie, and upon the

strike, variations in any one of these three elements being often

sufficient to cause a decided change of productiveness.
_

Various theories have been formed concerning the ongin oi

mineral veins. Some geologists suppose that the rrtmerals now

constituting the veins have been dissolved out of the adjacent rocks

and re-deposited in the vein cavity ; others, on the contrary, believe

that the ores have been brought up from great depths by mineral

springs. In all probability both theories are correct, some lodes

' C. Le Neve Foster, " Remarks on the Lode at "Wheal Mary Ann,

Menheniot," Trars. Roy. Ceol. Soc. Cornwall, vol. ix. p. 153.

stituents of a worthless rock. One of the most important con-

tributions to -the science of ore-deposits of late years baa been

the discovery by Professor F. SandWrger of ^-n^"
.
<l"^°tai=s^ol

silver, lead, copper, nickel, cobalt, bismu h, arsenic, an*""™?,

and tin in silicates, such as.olivine. aug.te, l'°™bknde frid «.«,

which are constituents of igneous rocks. He therelore re^rds

these rocks as the sources from which lodes have derived theu-

riches.

B. Masses.—ThBse are deposits of mineral, often of

irregular shapes, which cannot be distinctly recopized as

beds or veins. Sucb^ for iristance, are the' red h^matito

» James D. Hague, in Cnited States Geological Exphration oftM

Fortieth Parallel,. ol. iii., "Mining Industry," Washmgton. 18,0,

^'i^'c.'LtNe;e Foster. "On the Great Flat Lode .-outh of Red.

ruth and Camborne, and on some other Tm D'pos.ts fo^ed
^

the Alteration of Granite," Quart. Jour. GtoL Soc., vol. xxxiv. p.

644.
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depoaito of the TJlverston district (fig. 5') and the brown

K«matite deposit* (chuntt) of the Forest of Dean, which

71-- V -

3llOM*lta« MtATVm

^0 r*T^OM« iXVKL

tia. 6.—Vertical > ^tine. A, Mountain Limestone

;

'

B, red hwiuatito ; C, tatd acJ clay, D, grayel. Scale ,t^.

occupy irregular caWties in the Mountain Limestone. These

may have been formed by the percolation of water bring-

ing down iron in solution from overlying Triassic rocks.

Other examples of masses

are the calamine deposits of

Altenberg2 (gg. g), Sardinia,

and Lombardy, the iron ore

deposits in Missouri, such

as Iron . Mountain and Pilot

Knob, the huge upright p,g e.—Vertical Section, Alien-

" necks " or " pipes " of dia- berg. B, slate ; d, dolomite ;

mantiferous rock in South C, calamine
; L, clay.

Africa, and the granite decomposed iti silir worired for

china clay in Cornwall.

Under this head also are included by most authors the

Bcxalled "stockworks" or "reticulated masses," names

applied to masses of sedimentary or igneous rock which

are penetrated by so many little mineral veins acs to niake

the whole worth excavating.

It most be understood that we cannot expect nature to make

distinct lines of demarcation between the different kinds of

deposita Though we may be able to see clearly that a seam oi

coal is contemporaneous with the enclosing rocks, and that a vein

intersecting beds of shale and sandstone was formed subsequently,

cases frequently occur where the origin of the mineral is uncertain.

For example, we have the lead-bearing sandstone of Mechernich and
tie silver-bearing sandstone of Utah. The grains of sand are of

edimentary origin ; but opinions differ as to whether the lead and
olver respectively were deposited with the sand or were introduced

mbsequently by solutions percolating through the beds. In the

se of the well-known bed of Cleveland ironstone, Dr Sorby
MDsiders that the iron was "derived partly from meshanical
deposition and partly from subsequent chemisal replacement of

the originally deposited carbonate of lime."' Furthermore, a bed
may be so folded and contracted as to lose its original sheet-like

fo^ra in places and assume the shape of an irregular mass. This
may happen even with a coal seam.*

All kinds of deposits are subject not only to irregularities of

ori^n dependent upon their mode of formation but also to dislo-

cations or shiftings known as faults, heaves, or throws.
Wo will take the case of a bed (fig. 7). AB is a seam which ends

»IT suddenly at B, whilst the continuation is found at a lower level

at CD. The bed was evidently once continuous ; but a fracture took
fUce along the line XY followed by a displacement As a rule

Fig. 7. Fig. 8.

<he portion of rock on the hanging-W&ll side of a fault appears to

bave slid dawnwards, but occasionally this is not so, and wo have a

feversed fault (fig. 8). It is very evident, in some cases, that the

(notion took place, not along the line of greatest dip, but in a dia-

' Fr. Moritz Wolff, " Bcschreibung der RotheisenerzlagerstSttea

?0D West Cumberland und North Lanc-ishire," Stahl ttnd £ism, 2
ahr^aog, No..l2, plate vi.

• M. Braun, Zeitxhr. d. d. geol. Ottflttch., 1857, vol. ix.; and A.

fon Oroddcck, DU Lthre von den LagertUUUn der Ene, Leipsic,

J879, p. 252.
• Qiuirt. Jowr. OeoL Soe., 'til.Txixy. WTS), p. 86, Anniversary

^dress of the F ^sident.
• J. Callon, Lectures on Jf«n«n(/,'5br.\i.''p.\68, and Atlas, plate

fiU. fig. U.
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Bonal direction, causing a displacement sideways as weU as down-

wards Nevertheless, where beds or veins are not horizontal, a mere

shift along the line of dip is sufficient to canso an apparent heavB

sideways. This will be understood from *ig.^ 9. Let AB and CD
represent two portions of a lode dislo-

cated by the fault EF. The point B
corresponded originally with B, and

the dislocation was caused by a simple

sliding of B.' along the line of dip BB
An instance of the complication caused

by a succession of faults is shown in

fig. 10.»

Fig. 8.
2. Prospecting, or Search for

Mnera/.—The object of the pro-
, „,.

spector is to discover valuable deposits of mineral. This

search is beset with many difficulties: the outcrops of

FlO. 10.—Vertical Section, Penhalls Mine, Comwan. G, G, G, small

veins called gossans in the St Agnes district.

mineral deposits are frequently hidden by soil; the nature

of the deposit itself is gensrally entirely changed near the

surface; and, in addition to this, the explorer may have

to pursue his work in trackless forests far away from any

settlements.

The prospector seeks for natural sections of the rocks,

such as occur in cliffs or in river valleys and their tributary

gullies and gorges ; he examines the materials constituting

the river-beds, often digging up and washing portions in a

pan, in order to ascertain whether they contain traces of

the heavy ores or metals. If, while prospecting in a valley,

he discovers stones that have the appearance of having onca

belonged to veins, he endeavours to trace them to their

source, and is perhaps rewarded by finding similar frag-

ments, \)vri less water-worn, as he goes up the stream

;

further on he may come upon large blocks of veinstufE

lying about, and finally find the vein itself laid bare in a
gorge, or at the bottom of a brook, or possibly projecting

above the soil in the form of huge crags of quartz. Thus
at the Great Western quicksilver mine in California the

outcrop of the vein appears as a, dike over 100 feet wide,

and having precipitous sides in places'TS feet high." Loose
pieces of veinstuff found lying about are known in

Cornwall as shoad-stones, and shoading is the term given

to the process of tracking them to the parent lode.

The upper portion of a deposit is frequently much altered by
atmospheric agencies, and bears little resemblance to the undecom-
posed bed or vein which will eventually be met with at a greater
or lesser depth. The principal difference consists in the change ol

sulphides into oxides or oxidized compounds. Thus iron pyrites,

which is such a common constituent of mineral veins, is converted
into hydrated oxide of iron, and a vein originally consisting largelj?

of iron pyrites and quartz now becomes a cindcry mixture of quartz
and ochre, known in Cornwall as gossan. This gossan, or iron
hat, may often furnish important indications concerning the nature
of the lode itself, because such minerals as pyromorphite or cerus-
site point to the existence of galena, whilst nielacoiiite, cuprite,
malachite, and azurite are the forciunners of chalcopyrite or copper
glance. The gossan itself may contain a sufficient quantity of valu-
able ores to be worth working.
The seams containing native sulphur in Sicily often show no trace

of that element immediately at tiio surface, as the sulphur-bear-
ing limestone weathers into a soft white granular or pulverulen'

* J. W. Pike, " On some remarkable heaves or throws in Peuhall/
Mine," Quart. Jour. Geol. Soc, vol. xxii. p. 537.

' Lutlier Wagoner, "The Geology ol the Quicksilver Mines of Catt
fornia," engineering and Mining Journal, vol. xxxiv. p. S3i,
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variety of gypsum, called brucale by the miners, and considered

by them aa affording important indications concerning the bed

itself.'

Other signs of mineral deposits are given by springs and by
certain plants dependent upon the deposit or its associated minerals

for part of their nourishment. The appearance of the so-called

lode-lights may be explained by the production of phosphoretted

hydrogen from the action of organic matter and water upon phos-

phates, which are so common in the upper parts of mineral veins;

and one hears also of differences in the appearance of the vegetation

along the line of the deposit, of places where snow will not lie in

winter, and of vapours hanging over the ground. Though some
writers refuse to put any value upon these indications, they should

not be entirely overlooked, because the outcrop of a lode, of different

nature and texture to the surrounding rocks, and which is generally

a channel for water, may readily cause the phenomena just men-
tioned. Where the surface is cultivated and the natural springs

are tapped by adit-levels or other mine-workings, these appearances

cannot be looked for to any great extent. With one special

mineral, magnetic iron, the position of the deposit may be traced

out with some degree of accuracy with a dipping needle ; this is

used in Sweden.

After having acquired an idea of the position of a vein

or seam by, some of the surface indications just mentioned,

it is necessary, before attacking it by shafts or levels, to

obtain more certain data concerning it. In the case of

mineral veins, trenches are dug at right angles to the

supposed strike; and, when the upper part of the deposit

has been cut in several places, its general course and dip

can be determined sufficiently for the purpose of arranging

the future workings. These trenches are called " costean

pits " ; in some cases, instead of a trench, a pit is sunk a

short distance and a little tunnel driven out.

Where the mineral to be wrought occurs as a bed or

mass, the process of boring is resorted to, and indeed this

method is also applied in thq case of veins, especially in

the United States. Boring is a work of such importance

that it deserves to be treated under a separate heading.

3. Boring loith Rods and Ropes—Diamond Drills.—The
object of boring is to reach a deposit by a small hole and

ascertain its nature, its depth from the surface, thickness,

dip, and strike. Bore-holes are also used for obtaining

water, brine, and petroleum, which either rise to the

surface or have to be pumped up from a certain depth, and
finally for tapping water in old workings or for effecting

ventilation. The methods of boring may be classified as

follows:—(1) boring with the rod; (2) boring with the

rope ; (3) boring with the diamond drill.

In the first method tools for cutting and removing the

rock are fixed to rods, which are lengthened as the hole

increases in depth, and which are worked by hand or by

machinery at the surface. Where the ground is soft, such

as sand or clay, tools like augers can be employed ; but in

harder ground it becomes necessary to have recourse to

percussion ; various forms of chisel are used, the simplest

being made of the shape shown in fig. 11.' The rods

generally consist of bars of square

iron, from 1 inch to 2 inches on the

side. The length of each rod de-

pends upon the height of the tower,

derrick, or shears erected above the

bore-hole, which should be an exact

multiple of the individual parts.

These are made in lengths of 15 to

30 or rarely 40 feet, and with a

suitable tower it is possible to de-

tach or attach two or three lengths at a time, instead of

having to make or unmake every joint. The mode of con-

nexion usually preferred is by a screw joint as shown in

fig. 12 ; care is taken to have all the joints exactly alike,

80 that any two bars can be screwed together. In order to

' LoreuJiO Tarodi, SulV Estrasione (fello Solfo in Sicilia, 1873,

pp. 7 and 24.
' Serlo, Leit/aden zur BergbavUunde, Berlin, 1878, p. 69.
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Fiu. 11.—Chisels. Fig. 12.

diminish the weight of the rods, which becomes consider

able in deep holes, wood has sometimes been employed.
The rods are connected by male and female screws attached

to the rods by sockets of sheet iron, or by a fork-like

arrangement. At the surface a head is screwed to the

uppermost rod by which the rods can be lifted, and they

are turned by means of cross-bars called tillers.

When the depth is small the rode are lifted by hand and then
allowed to drop, being turned slightly at each lift so that the
cutting chisel may strike a new place each time. For greater
depths a lever has to be employed, the rods being suiipended at one
end, whilst the other end can be pressed down by men using their

hands -or feet. The spring pole is another arrangement, in which
the elasticity of a long pole is made use of for lifting the rod at each
stroke. The length of the stroke can be maintained the eam^ while
the bore-hole is deepened by means of a screw in a swivel-head at

the top of the rod.

With deep holes, and especially those of large diameter, steam
machinery has to be employed for working the rod ; the engine
may be direct-acting and stand immediately above the bore-hole,

but a commoner arrangement is to employ a single-acting cylinder
working a beam. Occasionally also the beam is actuated by a
connecting-rod worked by a crank.
The actual boring machinery has now been described, and the

mere boring appears to be a very simple matter, consisting only in
lifting the rod a little and allowing it to drop, the rod being turned
slightly before each stroke. Nevertheless the process of putting
down a bore-hole is not so simple as it seems, for there are numer-
ous indispensable accessory operations which take up much time.

In the first place the debris have to be removed, and in order to

effect this the rods must be drawn up, the swivel-head is discon-

nected and a cap screwed on. A length of rods is now drawn up by
a hand or steam windlass and disconnected. It is well to have as

many caps as there are lengtlis to be drawn up, and then each length
can be suspended in the house. Sometimes a grip which catches the
rod at the bulging joint is used instead of a cap. The next opcation
consists in lowering by means of a rope the shell-pump or

sludger, which is a hollow cylinder mth a clack or a ball-

valve (lig. 13). It is worked up and down a little till it is

filled, and it is then drawn up and emptied at the surface.

The operation ij repeated, if necessary, and the boring is

resumed with the rod.

Occasionally a bore-hole has to be widened slightly with
.a tool called a reamer. Soft beds may have to be bored
through with a wimble ; and, unless the rocks are hard and
firm, the hole has to be lined with a tube, generally of sheet-

iron. Accidents may occur, causing an immense amount ''8' ^^'

of trouble, such as the breaking of rods or chisel, and many in-

genious implements have been devised for seizing the broken rod

or the fragments of tools which prevent further progress

with the work.
In boring at considerable depths, the weight of the

rod becomes so great that much vibration ensues when
tlie mass is suddenly arrested by the chisel striking

against the bottom of the hole. Various devices have
been contrived for overcoming this difficulty and pro-

ducing a tool which will act independently of the rod.

One of the best-known arrangements is the free-falling

tool invented by Kind (fig. 14).' Tlie head of the actiial

boring-rod is held by a click or grapple ; when the main
rod descends, the resistance of the water in the hol^

slightly stops the sliding disk D, the jaws J, J open, the

head is disengaged, and the boring part falls and strikes

the bottom v.-ithout any injurious vibrations being com-

municated to the main rod. AVhen this descends fartlier

the head is caught again by the click. Special tools also

are used for cutting an annular groove at the bottom of

a bore-hole and breaking off the core, which b then

brought up, with certain precautions, so as to show the

nature and dip of the strata traversed.

In order to obviate the great loss of time which

ensues from connecting and disconnecting long

lengths of rods, recourse may be had to boring

with the rope. In this method, kno\vn as tlie

Chinese method, the chisel is worked by a rope in Tie- 1<-

the same manner as the sludger already described. Messrs

Mather and Piatt of Manchester have long used with sue

cess, in many parts of England and variou.^ other countries,

a system of boring by means of a flat hempen rope.

The most important modification of late years in tlie

• J. Gallon, Lectures on Minivg, vol. i., Atlas, plate ix. fig. 52.

I I
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'10. 15.—Diamond
DriU.

process of making bore-holes is the introduction of the

diamond drill The working part of the drill consists of

the so-called crown, which is a short piece of tube made of

cast steel, at one end of which a number of black diamonds

are fastened into small carities (fig. 15).

The crown is screwed on to wrought-

iron pipes, which constitute the boring

rod. Machinery af the surface causes

the rod to rotate, and the result is the

cutting of an annular groove at the

bottom of the hole, leaving a core,

which, breaking off from time to time,

is caught by a little shoulder, and

brought up to the surface with the rod.

In places where it is not neces&iry to

make any verification of the rocks tra-

versed, the crown is arranged with

diamonds in the centre also. The

debris, in either case, are washed away by a stream of

water, which is forced down the tube and flows up the sides

of the hole. With this system a bore-hole can be deepened

continuously at a speed altogether unattainable by the

other methods, which require stoppages for cleaning out.

It has the further advantage of • making it possible to drill

holes in any direction ; and prospecting diamond drills are

constantly used with much success inside many metal mines,

espec'.ally in the United States.

Fig. 16' shows the Little Champion Rock-Drill,which is largely em-

ployed, in the Lake Superior district for prospecting. It can be used

above or below ground. Two inclined cylinders drive a horizontal

crank shaft, which works bevel gear, causing the drill to revolve. At

the same time a countershaft is likewise set in motion, and this effects

the advance of the drill by gearing driving the feed-screw ; as there

are three kinds of gearing, the speed can be varied at pleasure. The

feed-screw and its connexions are carried by. a swivel-head, and this

can be turned so as to drill holes at an angle. The drum shown

above the cylinders is naed for hoistingout the drill-rods by a rope.

The rods are lap-welded iron tubes 1{ mches in diameter, fitted with

a bayonet joint.

Another light portable prospecting drill for underground work is

Fio. 16.—Little Champiou i.,-.- ...il. Fig. 17.

represented in fig. 17.' It is intended for drilling holes IJ inches
in diameter to a depth of 150 feet. Tlie cores which it yielos are

{ inch in diameter. It has double oscillating cylinders 8} inches in
diameter with Si inches stroke, which are run up to a speed of 800
revolutiona. The drill can be set to bore in any direction by
tl^^ing the STvivel-head on which it is carried.

The larger rock-drill used by the American Diamond Pock
Boring Compauy for putting doivn holes to a depth of 2000 feet

consists of a 20 hcrso-power boiler with two oscillating 6-iuch
cylinders and the necessary goaring for working the orill, all

' Enjinetring and Mining Jour., vol. xxxiQ. p. 119.
• rbi:! ,

vr,>. v odii. p. 273.

F:o. 18 —PoU-pick.

mounted upon a carriage, so that the whole machine is readily

moved from place to place. The feed is effected by gearing or by

hydraulic pressure ; a 2?-inch crown is employed, leaving a 2-inch

core. Kachscparate drill-rod is 10 feet long. The tot^l weight of

the machine is about i tons.

4. Breaking Ground— Tools Employed— Blasting by

Various Methods— Machine Drills— Driving Levels and

Sinking ^ha/ts.—The kind of ground in which mining ex-

cavations have to be carried on varies within the widest

limits, from loose quicksands to rocks which are so hard

that the best steel tools will scarcely touch them.

Loose ground can be removed with the shovel ; but in|

the special case of peat sharp spades are employed, which

cut through the fibres and furnish lumps or sods of con-

venient form for drying and subsequent use as fuel What
is called fair, soft, or easy ground, such as clay, shale,

decomposed clay-slate, q
and chalk, requires

the use of the pick

and the shovel. The

pick is a tool of very

variable form, accord-

ing to the material

operated on. Thus
there are the navvy's

pick, the single-pointr

ed pick with a striking

head at tho other end called the poll-

pick (fig. 18), and numerous varieties

of the double-pointed pick (fig. 19), the

special tool of the coUier, but also

largely used in metal mining. When
the ground, though harder, is neverthe-

less "joLnty," or traversed by many,

natural fissures, the wedge comes into Fio. 19.—Double-

play. The Cornish tool known as a gad P°'"t«'l K*-

is a pointed tvedge (fig. 20). The so-called "pick and
gad " work consists in breaking away the easy ground with

the point of the pick, wedging off pieces with the gad driven

in by a sledge or tho poll of the pick, or prizing them
off wth the pick after they have been loosened by
the gad. The Saxon gad is held on a little handle,

and is struck with a hammer. It is used for wedg-

ing off pieces of jointy ground, and in former days

even hard rocks were excavated by its aid. The
process consisted in chipping out a series of parallel ^q??'
grooves and then chipping away the ridges left

between the grooves. As a method of working this process

is obsolete; but it is useful on a small scale for cutting

recesses (hitches) for timbeV', for dressing the sides of leveb
or shafts before putting in dams, and for doing work
in places where blasting might injure oumps or

other machinery.

We now come to hard ground ; and in this class

we have a large proportion of the rocks met with
by the niiner, such as slate of various kinds, iard
grits and sandstone, limestone, the meta'raorphic

schists, granite, and the contents of many mineral
veins. Rocka of this kind are attacked by boring
and blasting. The tools employed are ihe jumper,
the borer or drill, the hammer, the sledge (mallet,

Cornwall), the scraper and charger, the tamping bar
or stommer, in some places the pricker or needle,

the claying bar, the crowbar, and finally the sBovel
for clearing away the broken rock.

The jumper (fig. 21) is merely a long bar of iron
terminating in two chisel-like edges made of steel; Fig. 21.
generally there is a swelling in the middle, and
sometimes the jumper tapers all tho way from the middle
to the edge or Bit. The jumper is most commonly used
when it is necessary to bore holes downwards, uud Ik
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largely employed in quarriea ; occasionally it is used in

boring holes horizontally, as for instance in the salt mines of

Cheshire. The jumper is held in the desired direc-

tion, lifted up, and thrust down ; it is turned a

little after each stroke.

However, the miner's tool is generally the borer

proper, or drill (fig. 22), which is a bar of round or

octagonal steel, usually from | inch to H inch s in

diameter, with one end forged into a chisel-shi ped

edge, the exact shape and degree of sharpness

varying according to the hardness of the rock.

The hole is bored by striking the drill with a

hammer or sledge and turning it after each blow.

Boring is said to be single-handed if the miner *
holds the drill in one hand and strikes vrith the hammer
in the other, whilst it is called double-handed when one

man turns and an- «=s

other strikes. The f Qj
hammers for single- %J„
handed boring usu-

ally vary in weight '^

from 2 to 6 or 7 fti. Fi"- 23.—Sledge-Hamraer.

The double-handed boring hammer, or sledge (fig. 23),

weighs from 6 to 10 Bb or more. If a hole is directed

downwards, the miner pours in a little water and bores the

hole wet. From time to time he draws out the sludge with

the scraper, a little disk at the end of a metal rod, and he
takes a fresh borer when the tool he is using has become
blunt. The depth bored varies with the rock and the nature

of the excavation ; but in driving levels in the ordinary

way the depth is commonly from 18 inches to 3 feet.

Holes for blasting are sometimes bored by tools like

carpenters' augers. One of the simplest, which is used in

some French slate-mines, is very like a brace and bit, and
the tool is kept pressed against the rock by means of a
screw fixed in a frame resting on the ground.

The pricker, or needle, is a slender tapering rod of copper
or bronze, with a ring at the large end. It is used for

maintaining a hole in the tamping through which the

charge can be fired. The use of needles made of iron is

prohibited in many countries, on account of the danger of

their striking sparks which might fire the charge. The
tam'^ing bar, or stemmer, is a rod of iron, copper, or bronze,

or iron shod with copper, and it is used for ramming in

dried clay, slate pounded up, or other fine material, upon
the powder, and so creating a resistance sufficient to make
the gases generated by the explosion of the charge rend

the rock in the manner required. The claying bar is used
for lining wet holes with clay, and so rendering them
temporarily watertight.

Shovels vary much in different districts. In the south-

west of England the long-handled shovel is preferred to the

common one with a short handle ; in Germany the ore or

rubbish is frequently scraped into a tray with a sort of hoe.

In addition to these tools the miner requires an ex-

plosive, and a means of firing the charge at the bottom
of the hole which will give him time to escape. Twenty
years ago gunpowder was the only explosive in common use

^n mines, but at the present day its place has been taken to

a very large extent by mixtures containing nitro-glycerin or

gun-cotton. The powdei used for blasting in mines usually

contains less saltpetre than that which is employod for

sporting or military purposes. The following is an analysis

of mining powder by Captain Noble and Sir F.^Aljel:^

—

Saltpetre 6) (

Potassium sulphate 0'12

,, chloride 014
Sniphur 15-06

CarW , 1793
Hydrpgen 0-66

Oxygen 223
Ash 0-59

Water 1-61

100 00

* "On Fired Gunpowder." Phii, Trans., 1880, p. 226.

Gunpowder compressed into cylinders of diameters

suitable for bore-holes, and provided with a central hole

for the insertion of the fuse, has lately been brought

forward with some success.

Nitro-glycerin or glyceryl nitrate is a light-yellow oily

liquid which is very sensitive to shocks ; under the action
' of a fulminating cap it explodes with gredt violence.

Its chemical composition is expressed by the formula

C3H5(N02)303 or (CjHJSNOj; its specific gravity is

1"6. It has been found so dangerous that its use by
itself has been given up ; but on the other hand the mix-

ture of nitro-glycerin and infusorial e&it.h(Kieselguhr)csMed

dynamite or giant powder is now one of the commonest
explosives met with. It has the advantage over powder

that it is far more powerful, that it may be used in wet

holes or under water, that it is very effective even in

ground full of " vugha" or cavities, and that it requires no

hard tamping, which is always a sourc* of danger. Its

plasticity too enables it to fill the space at the bottom of a

bore-hole, which is rarely a true cylinder, more completely

than any solid cartridge can do. One disadvantage is

that it has to be thawed in cold weather, and there is also

the fact that occasionally the whole of a charge of dyna-

mite fails to go off, and unnoticed remnants have exploded

and caused serious and even fatal accidents when struck

with the pick or borer. The danger is enhanced when the

remnants have been left in contact with water, which causes

a separation of the sensitive nitro-glycerin, so that even a
blow upon the adjacent rock may lead to an accident if

any of the explosive oil has leaked into cracks. The
strongest dynamite contains about 75 per cent, of nitro-

glycerin, the rest being kieselgiihr. A newer explosive is

blasting gelatin ; it is made by mixing nitro-cotton with

nitro-glycerin, until enough nitro-cotton has been dissolved

to convert the nitroglycerin into a jelly-like mass. The
blasting gelatin in ordinary use contains no less than 93

per cent, of nitro-glycerin, with 7 per cent, of nitro-cotton.

and its strength is very great.

Gun-cotton per se is not much in favour in ordinary

mining ; but mixed with some nitrate or mixture of

nitrates, such as the nitrates of barium and potassium, and
known as cotton powder, tonite, and potentite, it is

'

employed extensively. Though not quite so powerful as

dynamite, nitrated gun-cotton possesses the important

advantage of not requiring to be thawed in cold weather.

As in the case of dynamite, accidents have been caused by
remnants of charges ; and with both explosives it is neces-

sary to examine carefully the bottoms of all holes after

blasting, and to destroy any possible remnants by firing off

a detonator in any bottom or "socket" which cannot with

certainty be pronounced free from danger.

The commonest method of firing a charge is by means safet»

of the safeii/-fnse, a cord containing a core of gunpowder '"'**

introduced during the process of manufacture ; it may be

rendered waterproof by tar or gutta-percha.

In blastiug in the ordinary way the charge of gunpowder is put

in either loose or enclosed in a paper bag, and it is pressed down to

the bottom of the hole with a wooden stick, whilst a piece of fuse

abo is inserted e^tendiug from the charge well beyond the hole.

If the powder is loose the miner carefully wipes down the sides ol

the hole with a wet swab stick (a wooden rod with the fibres frayed

at one end), or with a wisp of hay twisted round the scraper, in

order to remove any loose grains adhering to the fuse or the sidea

of the hole, and then presses in a wad of hay or paper. A littla

fine tamping, 'often the dust from boring a dry hole, is now thrown
in and rammed down with the wooden charging stick, and the saLie

process is repeated, and when harder tamping is required the metal

bar ia brought into operation, until the hole is completely filled.

As the safety fuse burns slowly, at tke rate of laBout 2 or 3 feet

a minute, the miner can securt ample time for retreat by taking a
sutficieut length. It is usual to ignite the fuse by a candle-end

fiied under it by a piece of clay, and it takes a little time for the

candle to buin throi'gh the fuse.

The old plan of firing a charge, which is still in nsa in many
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pUcts, consists in inserting the ncedlo into the charge ami then
Umping up the hole. Caic is takiu to draw out the nicJle a liltio
IS the lanipiiij; proceeils, so as to prevent too much force being re-
jnired for its hnal nithUrawal. The small hole left in this way
jorvcs for the insertion of a straw, ru^^h.or sciiesof small quills, filUJ
(ritli fiuo powder, whirli like the fuse icachcs from the charge to
rhe outside. A short sijuib which shoots a stream of sparks down
the needle hole is also used occasionally. The straw or squib is

lifrhted by some kind of slow match, made either bv dipping a
cotton strand in roiltnl sulphur or soaking a piece of paper or a
lucifer in tli« tallow ol n caudle; touch-paper also is used.

Uvnamiic, blasting gelatin, gun-cotton, and cotton-powder are
fired by the detonation of a fulminating cap. A hmg copper cap
containing futniiuate of mercury is fastened into the safety-fuse by
sqaeedni; with a pair of nippers, and is then inserted into a small
cartn 'i^e ->f the explosire Ijirniur), and placed above the rest of t'le
charge. Fig. 2« sliows a hole charged
with two dynamite cartridges, a primer
»vith cap, and filled up with water S3
tamping. Sometimes gun-cotton is fired
by a small charge of powder above it.

Several substitutes for explosives
have been tried with tho object of

Getting rid of tho flame, which is

angerous in collieries giving off fire-

damp. Among these may ue men-
tioned plugs ol dry wood which swell
when wetttd, wedges worked by'—
hydraulic pressure, cartridges con-
taining compressed air at extremely
liigh pressures, and lastly cartridj^es of compressed lime which ex-
^iftnds when water is brought into it.

For the purpose of firing several holes simultaneously,
Messrs Bickford, Smith, ii Co., the original inventors and
makers of the safety-fuse, have brought out a new fuse
(fig. 25), the action of which
will be easily understood
from the figure. An ordi-

nary fuse is fixed into a '

metal case called the igniter,

from which a number of

instantaneous fuses convey fire to as many separate holes.

It is iound in practice that this fuse answers very well.

Charges may be readily fired singly or simultaneously
with the aid of electricity, either of high tension obtained
from a frictional, magneto-electric, or dynamo-electric
machine, or of low tension from a galvanic battery. The
fo.-mer is preferred.

Fig. 26 shows a section of one of Brain's high-tension fuses.

/ is a cylindrical wooden case containing a paper cartridge B,

Fig. 24

Fig. 25.

F«.26.

with an electri' igniting composition C at tho bottom. Two
copper wires D, D enclosed in guttapercha E, E reach down to
the composition, where they are about ^ inch apart A copper
tap or detonator G is fixed on to the small end of tho wooden case.
The insul.ited wires D, D are long enough to reach beyond tho boie-
holo. The ends of the wires are scraped bare, and one wire of the
first hole ;'; twisted together with a wire of the next hole, and sp
on, and finally tho two odd wires wf tho first and last hole afo
connected to the two wires of a single cable, or to two separate
cables, extending to some place of safety to which the men can
retreat. Here the two cable wires are connected by binding screw-s
to a fiictional electrical machine or dynamo ex|>Ioder. A few turns
of the handle charge a condenser, and by pressing a knob or by
some other device tho circuit is completed ami tho dischar"©
effected. Tho elcctriritv passes through the fuse wires making'^a
Bj«rk at each break, and so firing tho electric '^n'tinR composition.
Tho flame flashes through tho hole H, and ignites the fulminating
mercury I, tho detonation of which causes tho explosion of the
dynamite, blasting gelatin, or tonite surrounding tho cap.

One great advantage of electric firing is that the miner
can retire to a perfectly safe place before attempting to
explode the charge. This is important in sinking shafts,
wheri; the means of escape are less easy than in levels.
A second advantacre is that there is no danger of a "hang

LDLASTINO

fire," an occasional source of accidents with the ordinarj

safety fuse.

One of the greatest improvements in the art of mining

during the last few years has been the introduction of

machinery for boring holes for blasting ; most of tho

machines imitate percussive boring by hand, but a few

l»rotary machines are also in use. A percussive drill or

perforator consists of a cylinder with a piston to which

the drill is fastened. Compressed air is made to act

alternately on each side of the piston, and in this mAonef

the drill receives its reciprocating motion. Varioiu

arrangements have been adopted for securing the autoniatb

rotation of the drill. In some cases also the advanci

forward of the machine, as the hole is deepened, is alsf

effected automatically ; but in many of the best drills thi»

work is left to the man in charge. It is impossible within

the limits of this article to describe the various drills now
in use, or even to make a complete enumeration of them.

The following, in alphabetical order, are tho names of some of

tho best-known drills:—Barrow, Beaumont, Burleigh, Champion,
Cornish, Cranston, Darlington, Desideratum, Dcerin^, Duboi*
and Fran9ois, Dynamic, Eclipse, Excelsior, Fcrroux, Frohlich, Inger-
6oll, Laxey, ilackean, Osterkampf, Kand, Roanhead, Saiidycroft,

Schram. An account of two of the simplest, tho Barrow and the
Darlington drills, will be sufficient to give a general idea of th«
construction of these machines.

" The Barrow drill (fig. 27) consists essentially of a gun-metil

Fig. 27.

cylinder C about 2 feet in length and 4 inches in diametorrits
which works a cast-steel piston-rod D, fitted with two pistons G,'
about 12 inches apart, mid-way between which is the tappet, or
boss, G'. In a valve-box on the top of the cylinder' is placed ths
oscillatin" slide-valve H (shown separately), hinged at M, which
is worked by the reciprocation of the tappet G coming in con-
tact with its lower edges, which for this purpose are formei with
two slopes at each end, as shown. It has ports corresponding
with openings in the slide-valve face for admitting the fresl
steam or compressed air from the inlet pipe I (fig. 28) t^i th'

ports j at each end of the cylinder, and for letting tho spent o>
exhaust air or steam escape by the exhaust pipe J. This eimplt
arrangement constitutes tho whole vaivs gear of the machino.
"The borer is inserted into a hole formed in the fore end of the

piston rod, and is fixed therein by means of a screw Its roution
IS effected by hand, by means of the handle D', turning a spindla
D, which is so fitted by means of the cotter rf, made fast in th»
piston OG, and fitting in a slot in tho spindle P', that the latter
can slide m the piston DG, but when turned hy the handlo causes
the piston to turn with it Tho spindle D' ha., a pinion E gearing
into the pinion F, on tho adjusting and feeding screw C, so that
when tho piston D is turned by means of the handle D" th»
cylinder C is simultaneously pushed along tho bod-plato A. Thesis
pinions can bo easily disconnected by loosening tho nut/, and thai
tho piston and the adjusting screw can be turned indcpondontlv o|
one another when required.

' The borers used am respectively 1 } inches, 1 J biche?, anJ 1 inclf,
in diameter the length of the stroke 4 inches, and the maiimuDT
numoor of blows ahm t three hundred per minute. Tho air i>
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brought down about 400 fathoms from surface, at a pressure of 60 to

f5 lb to the square inch, in wrought-iron pipes 2 inches in diameter in

the shaft, and IJ inches in the level, and admitted through a flexible

tube into the inlet I on the left-hand side of the cylinder. The cost

of the pipes is rather under 7i a foot, or about 33. 3d. per fathom.

The air is compressed at the surface by a 14-inch compressor, worked

by a 12-inch horizontal engine, capable, however, of working two

machine drills. The gross weight of the machine, including the

bed-plate and gudgeon, is about 1 1 5 lb.

"

The method of fixing the machine for work is as follows :
— " The

bed-plate A of the machine is formed with a gudgeon A' which fits

into, and can be adjusted to any position in, a socket formed in or

on a clamp B', which can be fixed on any part of the wrought-iron

I
bar or column B, thus forming a universal joint. This bar or column

Scale, figs. 29, 30.

Fio. 29.—Side Elevation of Darlington's Eock-Drill.—Scale AV-

can be placed in position either horizontally or vertically, as may
be most convenient, but is generally placed across the level, against

the sides of which it is secored by means of the clamp L, and

adjusting screw M, and claws N and N'. If necessary, woodea
wedges O, O' are driven in between the claws and the wall to make
it still firmer. The weight of the bar is about 12016."'

^

Pia. 30.—Horizontal Section of Darlington's Rock-Drill.—Scale ^^.

Air-compressing plant of greater size has now been erected at

Dolcoath mine, to which the above description refers. At Snail-

beach mine in Shrooshire they have two alr-compressora of 18 inches

Fig. SI.

diameter and 6 feet stroke ; the air-main is at first 9 inches in dia-
meter, then 6 inches, whilst 2-inch gas-pipe is used in the levels.

A rock-drill which has done, and is doing, excellent work is that

of Mr John Darlington. Its construction will be understood by
referring to figs. 29, 30, and 31 ; a is the cylinder, b the piston rod,

c the borer ; d, d are two openings for bringing in compressed air,

either of which may be used according to the position of the drill

;

e is the inlet hose with a stopcock, /drill-holder, g stretcher bar,

A piston, / rifled bar for turning piston and drill, i ratchet wheel

attached to rifled bar, I rifled nut fixed in the piston head, m wood
for lessening weight of piston rod and blocking space, n portway for

allowing the compressed air to pass to the top of the piston and give

the blow, exhaust portway. The action of the drill is as follows.

The compressed air is always acting on the underside of the piston,

and when the upper side of the piston communicates with the outer

atmosphere the piston moves rapidly backwards and uncovers the

portway n. The compressed air rushes through and presses against

the upper side of the piston, which has a greater area than the lower

side, the diff'erence being equal to the area of the piston rod. The
piston is driven rapidly downwards and the drill, strikes its blow.

At the same time it uncovers the exhaust port o and then the con-

stant pressure on the annular area on the underside of the piston

produces the return stroke. The number of blows per minute is

from six hundred to eight hundred. The rotation of the drill is

eflected by the rifled bar. On the down-stroke of the piston the

bar with its ratchet wheel is free to turn under a couple of pawls,

and consequently the piston moves straight whilst the bar and

ratchet wheel turn. \Vhen the upstroke is being made the ratchet

wheel is held by the pawls and the piston is forced to make part of

u revolution. As the hole is deepened the cylinder is advanced

forwards by turning the handle p ; this works an endless screw q

' Proc. Mining InstUute of CorKoaO, ToL i., 1877. o. 12.
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passing through a nut attached to the cylinder; r is the cradle
carrying the feed-screw and supporting the cylinder. It is centred
on tno clamp ». As this clamp can be Oxcd in any position on the
bar, and as the cradle can be turned on the clamp, it is evident
that hules can be bored in any direction.

In driving a level with the Darlington drill it is usual to fix the
stretcher bar horijou tally across the level so as to command the
upper part of the face : holes can then be bored with tho cradle
above the bar or below it. Tho bar is then shifted low enough to
l»r» the bottom holes. It is found that all the necessary holes can
bo boi-ed from two jiositions of the bar. Tho bar therefore has
imply to bo filed twice ; tho alterations in position for boring holes
in various directions are managed by shifting the clamp on tlie bar
and turning tho cradle on the clamp. Fig. 31 shows the stretcher
bar fixed in a vertical position, which is sometimes convenient

In order to clear out the slu-'ge from holes that are "looking
downwards," a jet of water, supplied from a hose attached to a half-
inch pis-pijM leading from a cistern at a higher level, is made to
play into the holes during the process of boring.

For sinking shafts Jlr Darlington has the drill fixed in a cylin-
drical case with a large external thread which works in a nut on the
cUmp. Tho drill is fed forwards by turning a hand-wheel attached
to the case.

Botetisg Rotating machine drills are also used in mines as well
4nlla. as those with percussive action. Stapff pointed out some

years ago that, if a rock may be chipped off by power com-
municated by a blow, it may also be chipped off by a similar
amount of power communicated by pressure. Brandt's
rotatory boring-machine consists of a hollow borer which
has a steel crown with cutting edges screwed on. The
tool is kept tight against the rock by the pressure of a
column of water, and is at the same time made to rotate
by two httle water-pressure engines, whilst a stream of
water passing down through the borer washes ^way the
debris and keeps the cutting edges cool. In principle,
therefore, this drill resembles the original diamond boring
machine of De la Roche-Tolay and Ferret, save that the
crown IS made of steel and not of diamonds. During the
last few years it has been tried wth success in railway
tunnels and m mines. Jarolimek's drill i acts also by
rotation, but the borer is fed forwards and pressed against
the rock by a differential screw arrangement. The machine
can be worked by hand, or by a little water-pressure or
compressed-air engine or an electro-motor. In working
certain minerals occurring in seams the undercutting may
be performed by machines similar to those used in coal
mines (see voL vi. p. 68).
We now come to the application of the tools and machine

dnlls to the purpose of breaking ground for driving levels
and sinking shafts.

A level or drift is a more or less horizontal passage or
tunnel, whilst a shaft is a pit either vertical or inclined
In driving a level by hand labour in hard ground, the first
thing the miner has to do is to take out a cut, i.e., blast
out a preliminary opening in the "end" or "forebreast "

Ihe position of this cut is determined by the joints which
the miner studies carefully so as to obtain the greatest
advantage from these natural planes of division Thus
ng. JJ stows a case in which, owing to joints, it was

[fOBMATION of EXCAVAijOIxeS.

machine
drilh..

Drivlog

larels.

b^

*"'8- 32. Fig. 83.

ftdvisable to begin with a hole No. I, and then bore and
blast 2, 3, and 4 one after the other. The miner as a rule
does not plan the position of any hole until the previous

' OuUrr^uoht ZtUKhrift/V.r Berg- und UUttcnwtun, 1881.

one has done its work; in fact tie regulates the position

and depth of each hol» by the particular circumstances of

the case. Though a vein and its walls may be hard, there
is occasionally a soft layer of clay (DD, DD, fig. 33) along
one wall {diy, Cornwall; gcnige, United States). The
miner then works this away with the pick, and, having
excavated a groove as deep as possible, he can now blast

down the lode by side holes and so push the level forward
In sinking a shaft a similar method of proceeding is

observed. A little pit {sink) is blasted out in the most
convenient part, and the e.xcavation is widened to the full

size by a succession of blasts, each hole being planned
according to circumstances. This series of operations is

repeated, and the shaft is thus gradually deepened.
Where boring machinery is employed, less attention,

and sometimes no attention, is paid to natural joints,
because when once the drill is in its place it is very little

trouble to bore a few more holes, and the work can then
be carried on according to a system which is certain of
effecting the desired result.

A common method of procedure for hard ground is Driving
shown in figs. 34 and 35. Four centre holes are bored '^^^'^

about a foot apart , . .
with

at first, but con-

verging till at a
depth of 3 feet

they are within

6 inches, or less,

of each other.

Other holes are ^
then bored around
them until the ^ig- Zi. Fig. 35.

end is pierced by twenty or thirty holes in all. The foui
centre holes are then charged and fired simultaneously,
either by electricity or by Bickford's instantaneous fuse,
and the result is the removal of a large core of rock.
The holes round the opening are then charged and fired,
generally in volleys of several holes at a time,.and the level
is thus carried forward for a distance of 3 feet. If the
ground is more' favourable fewer holes are required, and
they may be bored deeper,—in fact as much as 6 feet in
some instances. ^.Occasionally the four centre holes are
directed so that they meet at the apex of an acute pyramid,
and then, after all have been charged with blasting gelatin,
only one of them receives a primer and cap ; the shock of
the explosion of one charge fires the other three adjacent
charges simultaneously. The preliminary opening is not
necessarily made in the centre of a level, and sometimes it
is blasted out in the bottom or one side.

In sinking shafts by boring machinery operations are conductedmuch in the same way as in levels, save of course that the holes

I'shX wi'rri'-
^'^- '' ^""^ •" "^ ^ ^^^"^-^ '^^ p'- "'

inow being sunk at ^
tho Foxdalo mines ^
in the Islaof Man. #
About forty-five ^
holes are bored in
the bottom of tli.-

shaft before the ; n

drills are removed
; ^^«

two of the holes ^^^^
A, B, and occasion- *^^^^%4^v^,^>%4J5^
ally lour, are bored y\„ jg
only 4 feet deep.

F'g. 37.

and m blasted with ordinary fuse. They serve simply to smash

w^ic .r?R f" f'l
"™= *''^? ""> "^ J^"'^' neaqesHho centrewh ch are 8 feet deep, are blasted all together with Bickfora'sinstantaneous fuse and tho result is the rfmoval of a large c=r"

which is in C " °"^'Ty ^^y- ^° *^'^ "^"-"^^ th" «haft,

fathom^, J ."J ^T^^' ". '"'^8 deepened at the rate of 3i or ifathoms a month. Tonite is the explosive used.
'

bundry machines have been invented and used for drivine levelswithout blasting. Some cut up the face into .mall chi>wK can
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easily bo removed, but tbey have not made their way at present
into ordinary mining. The Bossej-euse of MM. Dubois and Fran9oi3
acts on a different principle. It is a strong machine worked hy
compressed air. It first of all drills holes i inches in diameter by
percussion ; a striking head is then substituted for the drill, anil

wedges, on the principle of the plug and feathers, are inserted into

the holes ; and powerful blows with the striking head wedge oft' the

rock in lumps. This machine is being used with success in Belgium
for driving levels and crosscuts in fiery mines.

Some comparative experiments between hand-labour, a percussive
drill, and a rotatory drill have lately been made in one of the
Freiberg mines,' and the results are of much Interest and import-
ance. The actual figures are as follows, the cost including, in the
case of the machines, interest, depreciation, and cost of repairs, and
;03t of steam-power, supposing water-power not available :

—
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rapport«d by » »Sde prop or Ug (lig. 40), «nd very often by two

legs. The forms of joint between the cap and leg are numerons

40.Fig. 39. Fig.

(fig. 41), depending to a great extent upon the nature of the prcs-

•ui», whether coming upon the top or sides. With round timber

the top of the leg is

sometimes hollowed

as shown in fig. 42

A, but occasionally

the joint is flat and
a thick nail, or nog,

is put in (fig. 42 B)

u

Where the floor of a level

u
Fig. 41. Fig. 42.

to prevent the eflccts of side pressure, or, better, a piece of thick

plank is nailed under the cap (fig. 43).

IS soft and weak, a

sole-piece or siii be-

comes necessar}', and,

if the sides or roof arp

likely to fall in, a
lining of poles or

planks is used (fig. 43).

In some very heavy
ground in the Corn-

stock lode a special

system of timbering is

adopted (fig. 44).
Fig. 44.Fig. 43,

if.the ground is loose, so that the roof or sides, or both, will rvm

in unless immediately supported, the method of working called

tpilUng or poling is pursued. It consists in supporting the weak
parts by boards or poles kept in advance of the last frame set up.

The poles or boards

(lallu) are driven o^.
forward By blows
from a sledge, and
the ground is ihen

worked away with

the pick ; as soon as

a sufficient advance
has been made a new
frame is set up to

support the enas of

the poles or boards

and tiie process is re- Fig. 45. Fjg_ /ig_

peatcd (tigs. 45 and
46). In running ground it is necessary to have the laths fitting

closely together, and the working face also must be supported by
breast-boards kept in place by little struts resting against the frame.

These are removed and advanced one by one after the laths in the

roof and side have been driven beyond them.

On account of the high price of timber, iron is sometimes em-
ployed in its place. One method
in use in the Harz consists in

bending a rail into the form
shown in fig. 47 and making it

support other rails laid loiigi-

tudinally, against which flattish

stones are placed; the vacant
spaces are then filled with
rubbish.

Masonry has long been used for

supporting the sides of mining
excavations. The materials
necessary are stone, ordinary
bricks, or slag-bricks, and they
may be built up alone {dry
ualhng) or v>'ith the aid of

mortar or hydraulic cement. The bottom of a lev '1 is occasionally
Jined with concrete to carrj' a largo .stream of water, which other-
wise might run into lower workings tlirough cracks and crevices.

Dry walling is not uncommon, and it may be combined with the
use of timber (or iron) as shou-n in fig. 09, ia which a level is

maintained between two walls keeping back a mass of rubbish.

i'ig. 47.

Figs. 48 and 49 show methods of securing a drift by arches when s

lode has been removed.

The timbering required for shafts varies aciording to the nature

Fig. 48. Fig. 49.

of the ground and the size of the excavation. A mere lining

of planks set on their edges (fig. 60) suflnces for small shafts,

corner pieces being nailed to keep the successive

frames together. In some of the salt-mines of

Cheshire the shafts are lined n-ith 4-inch planks
united by mortice and tenon joints.

The usual method of securing shafts is by
sets ot/rames. Each set consists of four pieces, Fig 60.

two longer ones called wall-plates and two shorter ones c I led ejid-

pieces. They are joined by simply halving the timber a? ^^own in

Fig. 51. Fig. 62.

fig. 61. A more complicated joint (fig. 52) is often preferred. The
separate frames are kept apart by corner pieceij [studdles, Cornwall

;

jogs, Flintshire), and loose ground is prevented from falling in by
boards or poles outside the frames.

As shafts are frequently used for the several jmrposes of pumping,
hoisting, and affording means of ingress and egress by ladders, it

becomes necessary in such cases to divide them into compartments.
Pieces of timber parallel to the end-pieces (bu7ito7is or dividings)

are fixed across the shaft, and serve to stay the wall-plates and
carry the guides as well as to support planks (casitig boards) which
are nailed to them so as to form a continuous partition or

brattice. The magnificent timbering of seme of the shafts on the

Comstock lode is described by Jlr James D. Hague ss follows :
*

—

" The timbering consists of framed sets or cribs of square timber,

placed horizontally, 4 feet apart, and separated by uprights or posts

introduced between them. Cross-timbers for the partitions between
the compartments form a part of every set. The whole is covered

Fig. 54. Fig. 65.

on the outside by a lagging of 3-inch plank placed vertically," Pigs.
S3, 64, and 55, copied from Mr Hague s plates, illustrate thif method

' Uniird Slalf, Ctolo^ical ExploraCion of the Forliclh Parallfl, vol. Ul,,
MlAing Industry," p. 103.
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of timbering. Fig. 53 is a plan of the shaft: " S, S are the longi-

tudinal or sill-timbers, T, T the transverse end-timbers, P partition-

timbers, r guide-rods between which the cage moves, g gains cut

in the sill-timbers, to receive the ends of the posts. The sheathing

or lagging is seen enclosing the whole frame. ' Fig. 54 is a trans-

verse section through the partition F of fig. 63, "between the

pumping compartment and the adjoining hoisting compartment,

looking towards the latter. In this figure, G, G are the posts, S

the sill-timbers, P the partition-timbers, the ends of which are

framed with short tenons that are received in gains cut in the sill-

timbers and the ends of the posts, r guide-rod, I lagging or

sheathing." Fig. 55 is an end view of the frame shown in fig.

53. "The single piece T forms the end, while the double pieces P
forming the partitions are seen beyond." "The outer timbers of

each set, that is, the two sides and ends of the main frame, are

1-t inches square ; the posts, ten in number, four at the corners

and two at each end of the three partitions, are of the same size.

The dividing timDers, forming the partitions, are 12 inches square."

When ground is loose or running, recourse must be had to a

spilling process like that described for levels Strong balks of

timber are fixed at the surface or in solid ground, and then the first

frame is hung from these bearers, and each successive frame from

the one above it. Iron bars with cotters may be used for juspend-

ing the sets ; but on the Comstock lode each bolt is made in Jwo

parts with a tightening screw, in the middle, and the, sets can thds

be kept very firmly together. The laths are driven in advance, in

the manner explained in the case of levels, and a new frame is jrat in

as soon as the excavation has been sufficiently deepened within the

protecting sheath of boards. In very unstable ground it may be

necessary to put in the frames touching each other, so that the

shaft becomes encased in a solid box of timber, occasionally 14 inches

thick.

Like levels, shafts may be lined with masonry or brickwork, and

these have the advantage of being far more permanent than timber,

and of requiring fewer repairs. This kind of shaft-lining is

especially desirable in the loose ground near the surface; because, if

the working is discontinued temporarily, the shaft ,still remains

secure ai<d available for use at any future time, whereas if timber is

put in it often decays, the top of the shaft collapses, and much ex-

pense is incurred in the process of reopening it. The section of the

t>hafts that are walled is generally circular as affording the best

resistance to pressure; but elliptical walling is also met with.

Another shape is like a rectangle, save that the sides, instead of

being straight, form curves of largo radius. The walling may be

dry or with mortar, according to circumstances.

The masonry is put in either in one length or in successive por-

tions in descending order, and this is the usual plan. The shaft

is sunk a certain depth, with temporary timbering if necessary,

and when firm ground has been reached a bed is cut out round
the shaft, aud on this is placed a crib or curb AB (fig. 6&)' con-

sisting of segments of timber which form
a ring. This serves for a foundation for

the brickwork, which is built up to the

surface; the temporary timbering is re

, moved, and the spacefilled up with eart^i

or concrete. Sinking is then resum-

below the curb, and for a certain distain

of a smaller diameter, so as to leave a

bracket, or ledge, to support the first curb.

On arriving, after a certain depth of sink-

ing, at another firm bed, a second curb
j;

CD is put in and a portion of brickwork
built up. When the ledge of rock is

reached, it is carefully removed in small

sections and the brickwork brought up
to the first curb This process is repeated

till the shaft is completed, or reaches rock

in which no masonry is requisite. If,

owing to the nature of the ground, it

is impossible at first to find a firm sf;n;

for the curbs, it becomes necessary to haii

them by iron bolts from a strong bearinf^ i^aUio ai ui^ ;..ul.ics.

When shafts pass through very watery strata, it is most desirable

to stop all influx into the mine for the purpose of saving the

heavy expense of pumping. The manner in which this is effected

by a watertight lining, known as tubbing, is described in the article

Coal. vol. vi. p. 62, where will also be found an account of Triger's

plan of sinking shafts \vith compressed air, and the very successful

method of bonng shafts tlirough water-bearing ground invented by
Messrs Kind & Chaudron.

7. Exploitation, or Worlcing Away of Veins, Beds, and
il..^:s.—We have described how shafts are sunk and levels

driven, and we now come to the processes employed in

removing the mineral.

^* J, Gallon, LeeiuTu on Mining, vol. i., Atlas, plate zxTiii.

The deposit must first of all be reached by a shaft, or,

where the contour of the country permits it, by a level.

In the case of a vein an exploratory shaft is often sunk on

the course of the lode for 20 or 30 fathoms, and, if the

indications found in a level driven out from this shaft

warrant further prosecution of the mine, a first working

shaft is sunk to intersect the lode at a depth of 100

fathoms or more from south. 'S-is no«t«

the surface. Crosscuts =''*-

are then driven out at

intervals of 10, 15, or 20
fathoms to reach the lode,

as shown in fig. 57, which

represents a section at

right angles to the line

of strike. Sometimes the

main shafts are carried

down all the way along

the dip of the deposit, ^^ \

though perpendicular '^^-

ihafts have the advan-

tages of quicker and
cheaper winding and
cheaper pumping, to say '''S- 57-

nothing of the poosibiUty of utilizing the cages for the rapid

descent and ascent of *he miners. If an inclined shaft

appears to be advisable, jjreat care should be taken to sink

it in a straight line. In eitudr case levels are driven out

along the strike of the lode as shown in the longitudinal

section fig. 58, in the hopes of meeting with valuable ore-

Fig. 68.

bodies such as are represented by the stippled portions of

the figure. For the purpose of affording ventilation, and

still further exploring the ground and working it, inter-

mediate shafts, called winzes (Cornwall) or sumps (North

Wales), are sunk in the lode.

The actual mode of removing the lode itself depenas a good

deal upon circumstances, v\z., its width, the nature of its contents,

and the walls that enclose it; but the methods of working may
generally be brought under one of two heads, viz., underhand

stoping or overhand stoping. The word slope is equivalent to

step, and the term stoping means working away any deposit in a

series of steps. Underhand or hotlom slopes are workings arranged

like the steps of a staircase seen from above, whilst overhand or

laek slopes are like similar steps seen from underneath. «"*'

methods have their advantages and fr;rni//i;i//////////'/,

disadvantages, and both are largely {//f(ff///m///////M

used.

We will first take underhand stop-

ing, as this is the older method.

In the old days the miner began in

the floor of the level (fig. 59), and

sank down a few feet, removing the

part 1 ; he foUowed with 2, 3, 4, &c.,

until the excavation fimiUy presented the appearance shown in

fie. 60. Any valueless rock or mineral was deposited npon niat-

fonns of timber {s<u«»), and the ore waa drawn up into the Icvo.

Both
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VPUUUUUUULPUI.

by a windlask. On» great disaJrantag* of thU method Is that the
ore and n-ater have to be dmwn op soms distance by hand labour

;

much timber is required ,

fbr the 8tuiu if th«re ,v;tfei4;::;,< :^y'!:v-:,;^'>imMCMM^:.^^ -

B a larg- quantity of ^^ ' .' _
<«' <<<"• <

worthless stuff in th«

Tein, or if the sides are

weak. Th" advantages
are that ore can ba
Worked awar as soon as

the level is driven, that

the men are always bor-

ing downwards, and,
lastly, that th» ore can Fig. 6a

be carcfally picked after it is broken, without (ear of any valuable
particles being lost.

A more economical method of working by underhand stopea, and
one largely employed in Cornwall at th* present day, consists in

reserving any attack upon
,

the ore-ground until a lower ' f '/ / / // / ////////
level has been driven. An ' ' ^

intermediate slrnft {icinzi)

between th" two levels is

then made, either by sinking
from the upper level or rising

from the lower one. The
work of Btoping is com-
menced at the two upper
ends of the winze, and the

lode is removed in a sue- Fig. 61.

cession of steps, the workings assuming the appearance exhibited in

fig. 61. Tho steps are generally mad» steep, so that the ore may
readily roll into tne winze, and so that th» bore-holes may do better
execution; but these steen stopea are dangerous if a man happens to
slip and fall. The huge open chasms left by the removal of a large

lode in this way are also a source of danger ; for there is always a risk

of falls of rock, and from places which cannot easily be examined.
Figs. 62 and 63, kindly supplied by Captain Josiah Thomas,'

explain the general arrangement of the workings of the largest
tin mine in ComwalL The lode after producing copper ores to
a considerable depth changed its character and became rich in tin.

The workings for tin ore are confined almost entirely to the

«..T —H[^,^f^-^^^QQ[—-3,

/v nju7j ////////

granitd. The section fig. 62 shows that the main shaft of the mine
is at first vertical and then carried down on the dip of the lode.

Fgthoms 100 ia 100 Fatboms
Fia. 62.—Transverse Section, Dolcoath Mine, CornwalL

The process of overhand sloping is precisely the revers'i of that

isDaDDUGac 3c:]^

Fathoms
rotB^ms.

100 7O0 300"

Fio. 63—Longitudinal Section, Main Lode, Dolcoath Mine, Cornwall'

«Mch has been just described
;
the work m commenced from a rise I (fig. 64 A), or better from the two bottom ends of a winze (iig. 64 B).

mi CornifoH /or 188J, and B. J -^^ soon as the men have excavated a sufficient height of the roof of
X pVtT. \ the level, thcv nnt in CTr.i«rF rM»/.aa rtf flmVut.. fr^W. -n.«ll *« .t,«17 ...J

> "^t Rtport * itimrt' Aitoftation <if Ztteon and Cvr-nm
FrecbeTlllD, Tram: a^. OmI. Bac Cornwall, toI x put t.

I
— * — -"" ".tu uavu cicaviiLeu a euuiuient Iteignc Oi vue rooi oi

\ the level, they put in strong pieces of timber froni wall to wpU. and
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cover these cross-pieces {stempds, stull-pieets) with boarda or poles,

and tirow down the rubbish upon the platform Utull, hunning)
thus I'ormed. In the midst of the rubbish chimney-like openings
[milU, posset) ara reserved, lined with boarda or dry-walling, and

W/'^T^WTTTTTTTTTTTT

Fig. 64. Fig. 65.

closes' at the bottom with shoots provided with doors. Tie ore

is thrown into these passes, which are tapped when necessary; the
ore falls into the tram-waggon placed ready to receive it.

Fig. 65 gives a transverse section showing the rubbish resting on
the stull. This is what may be called the typical method of stop-

ing, when the lode affords rubbish enough for the men to stand on
and to keep them close to the rock they are attacking. Very often
such is not the case, and the whole of the lode has to be sent to the
surface for treatment. If the walls are iirm, the lode is sometimes
etoped away, a stull put in, and a sufficient heap of broken ore is

leTt upon the stull to give the men good standing ground ; the excess
is thrown over the ends of the stufi, or the great heap is tapped by

Sfvering,^nd ^al! \WWVWWWWWW \\
lowing a quantity to

run down into the level.

Another method con-
sists in putting in

temporary stages upon
which the men stand to

do their work, whilst \ '^ \\V \\\\ \\\\\\\\\\
the excavation is left as ^ \ \ \ N \ ^ N \WWWW ^

an open space (iig. 66). Fig. 66.

This mode of working is incompatible with weak walls. If a lode
does not aSbrd rubbish enough for completely filling up the exca-
vated space, or if it is too narrow
for mer. to do their work comfort-
ably, 01.9 of the walls may be cut
into and blasted down (fig. 67), so-

that the men always stand upon a
firm bed of rubbish while at work,
and the.-e is no fear of a collapse
of the mine. In certain special

cases rubbish is sent down from the
surface to fill up the excavations.
The ailvantagea of overhand

sloping « B— that the miner is

assisted by gravity in his work,
that no ore or rock has to be drawn .

up by hand labour, and that less

timber is required. On the other
hand, Iho miner is always menaced
by falls, but as he is close by ha ^"S- 67.

can constantly test the solidity of the roof and sides by sounding
them with his sledge ; there is the further disadvantage that particles
of ore may be lost in the
rubbish, but this loss is

often prevented by laying
down boards or sheets of

iron while the lode is being
broken down.
^Vhen very wide lodes

come to be worked, recourse
is often had to special

methods. The great lode

at the famous Van mine, in

Montgomeryshire, is some-
times 40 feet in width, and
the hanging wall is weak.
The lode is stoped away
overhand, and the cavities

packed with rubbish, part
of which is derived from
f'l:) lode itself, whilst the

greater portion is supplied from a special quarry at the surface.

Jig. 68 ' explains the detaila of the case. A is lie original cross-

' C. Le Neve Foster, "tfotea on the Van Mine,"* Tran*. Hoy. Oeot. JSoe. Corn-'
valif T«L X. p..41.

cut (not in the line of section) b'y which the lode was reached,
B is the flucan, C the bastard lode, generally worthless, E the main
lode, II permanent levels, and K or«-ju<wj reserved amidst the rubbish
{deads) D, I pass down which rubbish is shot, N crosscut connect-
ing the level H with P the permanent level in the country.

If the lode is not firm enough to allow of the stones being carried
for its full width, the crosscut method is adopted ; the workings
in this case, instead of proceeding along the strike, are carried across
the deposit from one waU to _anothcr.

The lode is removed in successive horizontal slices A,B,C,D,E,
and for each slice a level (L, fig. 69) is driven, either in the lode,

2 £ i

Fig 69. rig. 70.

or partly oi: entirely in the country ; from this level crosscuts aro
put out 6 or 8 feet wide, as shown in the plan (fig. 70). These are
regularly timbered according to the necessities of the case, and,
when No. 1 is completed, No. 2 is begun, and the rubbish from
No. 2 thrown into the empty space of No. 1 crosscut. If the
quantity is insufficient, deads aro brought in from the surface or
from exploratory workings in worthless rock in the neighbourhood.
Sometimes the crosscuts are not driven side by side, but 1 and 5
would be driven first, leaving 2, 3, and 4 as a solid pillar ; then 3
would be worked away, and finally 2 and 4 between the timber and
rubbish on each side. The gieater part of the timber can be re-

covered when the next slice above is taken oflT, as the props are put
in with the small ends downwards, and can bo drawn up with
levers. M (fig. 69) is a level reserved in the deads for traffic and
ventilation. This method of working is applicable not only to
lodes but also to irregular masses.

In working away the soft " bonanzas " or ore-bodies of the great Coni«Ma>
Comstock loue, which are from 10 to 30 or even 40 or 60 feet wide, lode,
and which are enclosed in very un-
stable ground, a special method of
timbering is employed (figs. 71 and
72).^ • " It consists in framing timbers
together in rectangular sets, each set

being composed of a square base
placed horizontally, formed of four
timbers, sills, and cross-pieces, 4 to
6 feet long, framed together, sur-
mounted by four posts 6 to 7 feet
high, at each corner, and capped Ijy

a frame-work, similar to that of the
base. These cap-pieces, forming the
top of any set, are at the same time
the sills or base of the next set above,
the posts, as the sets rise one above
the other in the stope, being gene-
rally placed in position directly over
those below. " " The timbers are
usually of 12-inch stuff square-hewn
or sawn." Each post has a tenon 9
inches long at the upper end, and a
tenon of 2 inches at the lower end,
which fit into mortices in the cap and sill respectively ; a'nd " the
sills and caps have short tenons on each end and shoulders cut to
receive the ends of the post and the horizontal rrc?' ;

• • -. " The
walls of the excavation are sus-
tained by a lagging of 3-inch
or 4-inch plank. The whole
width of the ore-body is stoped
away at once, and -its place
supplied by timbering, and
finally the vacant space is filled

with waste rock derived from
dead work in the mine or from
special excavations,— under- Fig. 73.

ground quarries in fact,—in barren ground. The stoping is carried

on overhand, starting from an intermediate shaft or winze, and fig.

73 will explain how the different frames are built up one above the
other.

Another method of working a wide lode is to attack it in slices

« James D. HsKne, Untied Slalet Oeologlcal ExpIoraHon of (he Forlitth
Parallel, vol. Ui. " Mining Industry," p. 112.

Fig. 71
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Fig 74.

pwallol to tlio dip, working airay each slice seputtel; as ifit were
a loUs of ordinary dimrnsioDS, aud lilUng
Bp with rubbish (fig. 74).
We now come to bed*, or seame. The

mode of working tlio most important beds
that occur in the earth's crust, viz., coal
seams, has already been described in the
•rticlo CoAi, (toL vi. p. 6i sq.), and
details hava boon given concerning the
remoral of the mineral by pillar working
and longwaL %-orking. Both thcs*-
methods are applicabio in the case of
ecanu of other minerals. Such for
inatanoe are tlie bods of fireclay and
day-ironstone which are wrought by --o .-
bo^ the processes just mentioned, av.d often in connexion with coaL

r.e.tt in importance to coal is ironstone, and a brief account of
the workings in the Cleveland district will explain the manner in
Which more than ono-third of the iron ore raised in the British Islesu obUined by mining. It resembles the "bord and pillar" systemnsed for working coal in Durham.

lh,VV°if'r^'tr 1

"",«<=<='"? '" the form of a bed ftom 6 to 16 feet

L' driv"n*';boi't'Tl foH'
''"« f""^ '"•"• ^ °"'^™' <««• "^

wide for a considerable II 11
distance, and at right _J I 1

1

J |
|

I

ingles to it tordi arr
~' ^=^ —

dnren 5 yards wide for a
Jength of 30 yards, and
then at right angles a
vail 7 or a feet wide and
20 yards long. By driv-
ag^ of this kind the bed _
is cut up iuto pillars or
blocks SO yards long by
20 yartb wide. The
pillars are subsequently
removed in tlie following
way. A place, or drift,
ai, 6 feet wide, is driven

[EXPLOITATION'.

1

Festiniog district in North Wales the principal bed, or twin as it is

called, is more than 100 feet thick in places, and the method of
working consists in making alternate pillavs and chambers each 30
feet to 50 feet wide along the strike (cross-section and plan, figs. 77
and 78). Tlio pillars follow lines of natural cross-rending PP', which
commonly make an angle of 25° to 35° with the direction of the dip.
The excavations are arranged in regular lines, and form continuous
chambers extending very often from the surface to the very lowest
workings. A,B,C,D are the original working levels. The slate of the
supporting pillars is entirely lost, as these cannot be "removed with
safety. This method of working requires a strong root In the
Ardennes, on the contrary, the pillars are carried along indefinitely
along the strike (fig. 79, cross-section). The slate in each longi-
tudinal chamber is removed in slices parallel to the bedding, and
the men stand upon the rubbish, which finally fills np the chembers
completely.

Rock-salt constitutes another important mineral which occurs in
the form of stratified deposits. The principal source.of the Cheshire
salt is a bed 84 feet thick lying horizontally ; but only the bottom
part, 15 feet to 18 feet thick, is mined. Pillars 10 yardflsqnaro are
left proniscuously about 25 yards apart, as shown in fig. 80, which
represents part of Maiston Hall rock-salt mine.' Tha workings

Noeic«af-^

Fig. 80. Fig. 81.

. Fig. 75.
acroM the piUar 10 yards from the comer, and portions (Hfls) abont6 yards wide are worked away in the ord^ 1. 2:3 Tter No mt
^w,-ttdr."r7''H ?^ """r^"

r?,* ^ '° =^SP»^' *« roo"por^;^y
fn^v , ^' ^

""* *'"' ""f "^ ^"'"^'^d to Tall
; No. 2 is then t3:en

"other i«'^^f^^ "T-
'^''"° '"^"^ ''f*^ ar^ bei^V^t:^erout:

which supply the well-known plaster
^*^

of Pans to all the world.' The
principal bed is from 60 to 60 feet in
thickness; pillars are left 10 feet
square at the base, and the stall.
Between them are 16 feet wide. The
workings are slightly arched, and an-
not carried up to the roof, for the
purpose of better maintaining the
Mcnnty of tha chambers, becanse
heavy damages would have to be
paid If they "caved in" and ren-
dered the surface useless. ' A simi- n MUr layer left for the floor prevents ™ I
'*'?<?',('«« CoAi, vol. Ti. p. 64), and Fig. 76.

U„?. ""f^rfound road, to be kept in good repair

meVhtS'removt^l^irktdsi"'' "r?'-^ "^ -^ --'<>-
intrinsic value A?in~t m F«nc?'wh °/. Tr?""'''^ ""1"
^U. the -der^undCk'L?ar^:^:^%rr:n^-4-

^»J^i?;

Fio. 79. —A, A,
pillars of slate;

B, B, rubbish
;

- 'y^^.^r C, C, slate cham-
Fig. /7. Fig. 7S. bers-Scale,^,.

^^fi^ "^Z^ '°°!i°^
"'*"'

=
""" """^ " oontinnally being worked*]ray^m steps, and an immense open chamber is left In th.

' CsUon. Ucturu cit Mining, vol. il. plate alt

are advanced by making in the upper part an excavation 5 feet 9
inches high,, called the roofing {a, fig. 81); and then the lower
two-thirds of the part worked are removed by blasting slanting
holes. Many of the old salt mines have collapsed from weakness of
the roof or insufficiency of the piUars, and have become inundated-
the brine is then extracted by pumping and evaporated for salt

'

In some countries, especially when the beds of salt are impure ormuch mixed with clay or shale, the formation of brine is conducted
regulariy by making a network of drivages within a rectangular
eiaptical, or circular area in thick beds of saliferous marl, and then
introducing fresh water by pipes, so as to form underground pondswhich gradually dissolve the roof and sides. The brine is irawDoU and either pumped up or conveyed by adits to the surface.A lew words remain to be said about open workings. Somo
minerals are always obtained in this way; others arelvSked open
before regular underground mining begins ; and, tliirdly, it oftenhappens that underground and surface work are both ckrried onsimultaneously on the same deposit. Among deposits worked open-cast are pea^ numerous iinds of stone, iron ore, cupreous pyriteslead ore, gold- and tin-bearing alluvia, and diamantiferous rock

nft..!"?^ ^^^ • fl"""^' ^""^ ^'"^"^ texture, and the fact of itsoften lying below the water-level, peat has to be worked in aS ,T\'"'-*
Trenches are dug about a foot deep with a s^arn

^fht' nn»'l
^^X^^i^ois of convenient size for dryin|and bumin?

1\ hen one layer has heen removed in this way, another is taken off

ZfSr\ " ^^7 f
''^'^'^ "-^^ ^"'^^S can still be punned by

20 feet. It cuts out a eod 3 or 4 feet long at each thrust.When a deposit is more or less solid the workings are ireouentlv

rfi-f^t^s^f^he^rtk^'^'""'''
''"^'^''' ofeach^ependi^Tpon^

In many cases the first work consists in removing worthless rockat the surface (ovcivrden), and where the underlying dop^sr^thick or very valuable it wiU pay to remove a very Zft tSe^

les^ danger:
'^'^""P«'^i«»". Wer workSg hou«,

As an example of a large open workintr mav bementioned the great Penrhfn sfce quarry Se" Ban!gor. employing about 3000 hands, Ind worked by asuccession of terraces on an aven^ge 60 fee highly

to the Tiil^f ^V{
^-'^'"""^ l>as°already beenlnaS

which is in L^' ^''^S sandstone of Mechemich,wnich IS in part worked as an open nuarrv. Mokta-el-

«fM°Tj.^ii^r,'Z\,^Cv"si^
"" ""' ''"'""'•' ^<?°'" '/'«• ^«p«'«"'
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owned by separate mdividuals or companies, considerably affect the
metho J^ of woiking. This is especially the case with the diamond
deposits of South Africa. The diamantiferous rock at the celebrated

Kimberley mine (formerly called Colesberg Kopje) occurs in the
shape of an elliptical upright mass, the greatest length being about
330 yards and the greatest breadth about 200 yards. The super-

ficial area is about p acres; the mass extends downwards within almost
perpendicular walls of shale, and is worked in places to a depth of

about 400 feet. The claims are only 31 feet square, and are more
than four hundred in number, and these hare in some instances been
subdivided into portions as small as the sixteenth of a claim ; but,

as at he present time one company may own very many claims, the
number of individual holdings is less numerous than formerly when
the limit was two claims. The working is carried on vertically

downwards, and, as the claims are not all worked at the same rate,

those that progress most rapidly are surrounded by perpendicular
walls of neighbouring claims. The shale, or reef, enclosing the
deposit is constantly falling into tho huge open pit, and has to be
cut away to a slope, the expense of this work being charged to the
claim holders generally by the mining board. The diamanti-
ferous rock is extracted by innumerable wire-rope inclines.

We have already referred to the method of working gold-bearing
alluvia by the hydraulic process, which has rendered such services

in the United States (Gold, voL x. p. 746). At the same time one
must not be blind to the evils of this method of working, which have
at last necessitated legislative interference. Some idea of the extent
of the mischievous re-sults of hydraulic mining will be gathered from
the statement tha'. '".e working alone, the Gold Run Ditch and
Mining Company, for the last eight years has been discharging 4000
to 5000 cubic yards of sand, gravel, and boulders daily, for a period
of five months each year, into a tributary of the Sacramento. As a
natural consequence deposits are formed lower down the river, ob-
structing the navigable channels, rendering overflows more &equent
and destructive, and causing valuable land to be destroyed by de-

posits of sand. The superior court of Sacramento county, California,

has recently decided that the hydraulic mining companies must
build dims to impound the coarse and heavy debris, or take other
efficacious means to prevent their being washed down the rivers.

8. Carriage or Transport of Minerals along the Under-

ground Roads.—After the mineral has been broken down
in a deposit it is necessary to pick out any barren rock and
then convey to the surface all that is of value.

The simplest and oldest method of transport along

underj,round roads is carriage on the back, and this mf thod

may itill be seen at the present day even in countries

where the art of mining is generally highly advanced.

Thus, for instance, in the little slate mines near Cochem
on tho Moselle men . and lads carry up all the blocks of

slat'j upon their backs, walking upon steps cut in the rock

;

they come up with their hands upon the ground bent

almost double under the weight of the block, which rests

upon a thick pad. Again, the blocks of slate are still

carried on the back from the actual working place to the

nearest tram-road, in the slate mines of the Ardennes. In

lie Sicilian sulphur mines the same method is common,
ind it is found also in parts of Spain and China, where

baskets are used, whilst bags are employed in Mexico and

also in Japan. Even in England the system still survives

in the Forest of Dean, where boys carry iron ore in wooden

trays from the very irregular ore-producing cavities either

to the surface or to the nearest shaft.

Sledges, or sleds, enable greater loads to be transported
;

but they are not available unless the conveyance is along

roads sloping downwards. They have been largely

employed in coal mines, and are still resorted to in some

collieries for conveying the coal from the working place to

the nearest tram-road.

We next come to wheeled carriages. The simplest is the

wheelbarrow. The barrow used in Cornwall at the present

day is not unlike that figured more than three centuries

ago by Agricola. The navvy's barrow is more advan-

ligeous, but it requires a wider and higher leveL The
barrow runs upon the natutal floor of the level, upon

boards, or upon thin strips of iron. Carts dravm by horses

may be used in large underground quarries. Excepting in

special cases it is advisable to replace barrows by waggons

rii£ning upon rails. The oldest form is the German Hund.

It consists of a rectangular wooden body, with four wheels,
resting upon two boards as rails, and it is kept on the
track by a pin which runs between the boards.

Cast-iron tram-plates were introduced in the last century,
and were finally succeeded by iron rails, which are now in
general use, though steel threatens to displace iron in this
as in other departments of mining. Various forms of rail
are employed. The simplest is a bar of iron set on its
edge in transverse sleepers, or flat iron nailed to longitudinal
sleepers. Small T-headed and bridge rails are not
uncommon. In the Harz the rails sometimes lie on stone
sleepers ; a hole is bored in the stone, plugged with wood,
and the rail is nailed on. The gauge varies from 14 Inches
to 3 feet or more ; 20 inches to 22 inches is a common gauge
in metal mines. Arrangements of course have to be made
for passing from one line to another by points ; but the
transference is frequently best efiEected by putting down flat

plates of cast iron, upon the smooth surface of which the
waggons can be handled with ease and turned in any direc-

tion ; raised ledges guide the wheels into any particular track.
The form and size of the waggons running upon the rails

necessarily vary according to the size of the underground
roads and the manner in which the mineral is raised in the
shaft. In some mines the practice exists of loading the
mineral in the level into an iron bucket (kibble) standing
upon a trolley, which is merely a small platform upon
wheels. This trolley is pushed (trammed) to the shaft;
the full kibble is hooked on to the winding-rope and drawn
up, whilst an empty kibble is placed upon the trolley and
trammed back along the level, where it is again loaded
from a shoot (mill, pass) or by the shovel. The usual plan,

however, is to have a waggon, which is tipped on coming
to an enlargement of the shaft (plat, lodge) where the level

joins it. These waggons may be made of wood or sheet-

iron, and of late years sheet-steel for the body and cast-

steel for the wheels have been coming into favour.

The most modem system in metal mines is to imitate
collieries, and use waggons which are drawn up in cages.

Fig. 83 represents the plain but strong waggon of the Van
mines, consisting of a rectangular

body of sheet-iron resting on an
oak frame, and provided with
cast-steel wheels. The wheels are

loose upon the axles, which them-
selves run loose in the pedestals.

The waggon is emptied by being

run on to a "tippler," which enables it to be completely over-

turned with great ease. A commoner plan is to construct

the waggon with a hinged door at one end, and the contents

are discharged by opening this door and raising the body.

The motive power for tramming waggons along the levels of

metal mines is generally supplied by men or boys, though, where
large quantities have to be extracted, and where the roads are

favourable, recourse may be had to ponies and horses and the various

kinds of mechanical haulage described in Coal, voL vi. p. 69.

Trains of cars are sometimes drawn along underground railways

by locomotives ; they have the great disadvantage of polluting the

air with the products of combustion, and consequently they are not
available unless the ventilation is very good. A small locomotive of

2 horse-power nominal is used on an 18J-inch track in the adit-level

of the Great Laxey mine (Isle of Man), now approaching a milo in

length, and full-sized locomotives ply along the adit of the Eio
Tinto mines. Locomottves worked by compressed air improvetlie

ventilation instead of injuring it, and are not a source of danger in

cases where fire-damp may be present ; but, except in special cases,

they cannot be worked so cheaply as engines firea with coaU Con-

veyance by electric railroads underground has hardly gone beyond

the experimental stage, but the results obtained at the Zaukeroda

colliery in Saxony' enow that electricity ran be applied with profit

in this department of mining.

A few instances of transport by boats may still be met w'b.

The boats used in the underground canal at Klausthal are 31 feet

• Jahrintek fur da* Bery- und 'Hiillenvesen im KUni^dcht Sachsen

avf das Jahr 1883, p. 50

Fig. 83.
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Each boatlong by 4 feet 6 inches wide, and 2 feet II iucbea deep,

carries 5 or 6 tons.

Where roada have a strone gradient^ inclined planes are

employed, eitbi-r seli-acting it toe mineral has to be lowered, or

worked by stationary engines if the mineral has to be raised

(see Coal, vol. vi p. 09).

9. Winding, or Ratsing in the Shaft*, vrUJt the Machinery

and Apparatus requirtd.—In speakiag of tiie transport by
iindergroand roads, we mentioned- that the mineral is occ«-

sionaliy brought to the surface on the backs of men or boys.

In other cases dayhght is reached by adit-levels provided

with railroads ; hut in by far the greater nurabei of mines it

is neressary to hoist thb mineral, and often much rubbish,

np vertical or inclined pit, generally known as shafts,

In beginning to sink a shaft from the surface, or in

linking a winze, hand-power applied by a windlass is

sufficient. The broken rock at the bottom of the shaft is

shovelled into a wooden or iron bucket (kibble), which is

drawn up by a rope passing round the barrel of the wind
lass. When a depth of 20 or 30 yards has been reached
it L" more advantageous to introduce horse-power, and the

nsu^ machine by which this power is applied, called a gin
or horn-whim, is a common sight in many metajlilerou-s

districts. It consists of a vertical axis carrying a barrel

or drum 8 to 12 feet in diameter, round which is coiled

the rope, which after passing over a pulley hangs down the
shaft. The axis carries an iron pin at each end, the lower
one working in a atone and the upper one in a socket in

the span-beam or cross-bar of the supporting frame.

Under the barrel is a long driving beam to which a horse
is harnessed, and, aa will be readily understood, the Idbble

is drawn up or lowered down as the .horse walks round.
It is most economical to have two kibbles, for then they
balance each other.

Where steam and water-power are not availible, a large
number of horses or mules are sometimes harnessed to

whims, and ore raised from depths of. 200 fathoms. These,
however, are exceptional cases; and, especially since the
introduction of portable engines, the use of steam-power
even for comparatively small depths, such as 100 yards, is

daily increasing. In hilly districts water-power is generally
at hand, and Luge reservoirs are frequently constructed for

storing the rainfall, and so affording an adequate and con-
stant supply. It may be utilized by water-wheels, turbines,
and water-pressure engines.

There are three systems of winding by steam or water-
power which are in regular Use :—(1) by buckets (kibbles),

baskets, or bags swinging loose in th& shafts
; (2) by boxes

working between guides (skips, Cornwall); (3) by cages
ctriying one or more w?.ggons.

The buckets are made Of wood, shcot-iron, or shcct-steeL Their
>'hape varies ; it may be round or elliptical, straight in the side
or bulging in the middle. Kig. 84 represents a
kibble made of shcex-iron. When the shaft is
inclined, the side upon which the kibble 8lido.i

is carofully^ed with boanis (bed-planks) resting
npon cross sl'^epers. Planks of hard wood liko
beech last longer and require fewer repairs than
dee! boards. In the Harz, polos fixed lengthwise
take the place of boards, which are customary in
Great Britain. Even whero shafts are perpen-
dicular a lining of planks is often put in round
the winding compartment, unless the space is
considerable, and the kibbl? then glides up
smoothly, and there is less risk of accidents. A
more modern system is to use wire-rope guides
for the kibble, which is thus kept from swinging
about. Another advantage of this plnn is that
a light cage can easily be substituted for the kibble and used for the
ascent and descent of the men. Mr Galloway has patented a method
of sinking shafts with wire-repo guides the upper ends of which are
coiled upon drums at the surface. By adopting" this expedient the
guides can be lengthened as the shaft is deepened.

A~"word must be said about the actual loading and emptying of
the kibble. Sometimes, as already mentioned, the kibbk is filled
at the working place or from a shoot (pass, Cornwall) carried down

"

—

T\
—

"

n «
'

" O
°

"I

°\ ° 7

Fig. 81

into the level, and then conveyed on a trolley to the shaft; where
it is hooked on to the rope and drawn up. More frequently the
filler«tanding in the plat loads the kibble with a shovel ; and in
order to save time two kibbles are often provided, one being fiUed
while the other is making the journey to and from the surface. In
this case it is necessary to have some kind of clevii, which will
enable the kibble to be readily detached from the winding-rope, and
quickly and secureiy fastened on again. On its arriving at the surface
tj\e lander seizes an eye or ring at the bottom of the kibble b> a
pair of tongs suspended by a chain, and the rope is now lowi;red. The
kibble is thus turned over and the contents fall into a tram-waggon.
The inconveniences of this method of winding dre considerable,

especially in inclined shafts where the direction and amount of
the inclination are not constant. There is great wear and tear of

tlie bed-plaiik and casing-boards ; and, nnless constant attention

is paid to repairs, places are worn out where the kibble catches,

catising the rope to breoi. The fall of a kibble and its contents

not only does much damage to the shaft, but also is a source of
danger to the men. The introduction of boxes (skips) working Skip*
betweens guides or conductors was therefore a decided step in

odvance, for the system allows the winding to be carried on with
)es.>< friction and with greater rapidity and safety. The guides are

often mads of pieces of timber ^like r, fig. 53) bolted to the end-
piece.s and dividings. It is only in perpendicular shafts that guides
made of wire-rope or iron rods can be applied. The skip is a box
of rectangular section made of sheet -iron or sheet-steel, with a
sloping bottom, and provided with a hinged door closed by a bolt for

discharging its contents. Fig. 85 ' shows how the skip runs npon

Fig. 86.

the guides by means of four cast-iron or (better) cast-steel wheels.
In an inclined shaft the guides sometimes have iron rails laid OD
them ao as to diminish the wear. Some of the skips m Cornwall
are made' to hold as much as a ton and a half of tin-bearing rock.
The skip is filled with a nho^el by a man standing in the plat, but

"v u"^
P^" '3 to arrange shoots leading from large hoppers, so

that the ore can be made to run in without any shovelling. The
skip is sometimes .tilted completely over instead of being emptied
by R hinged door; this orrangement is in use in some of the German
mines, wjiere the skip is made of wood, .ind is guided on each side
by two pins or rollers running between two conductors. When
the skip has reached the surface two catches are made to support
the lower rollers, whilst the upper ones pass through openings in
the front guides, and the skip, turning npon the lower one's, is
tipped over and so emptied.
The most satisfactory system of winding is by cages ; there is

less handling of the mineral, and the hoisting proceeds at far greater
epe«d. This system, which is" almost universal in collieries, is
employed also for working deposits of other minerals, and, though

' Moissenet, Amudes des Mines, ser, 6, vol. li., 1862, plate vii.
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in Teiu-mininK fbe skip and kibblo still prevail in England, the

managers are beginning to recognize the advantages ofthecage and

equip their mines with more modem appliances than have hitherto

been customiiry. The cages used in the mines on the Comstock

lode aie very light and simple in construction, as will be seen from

fig. 89. The cage in fact is a mere timber platform, 5 feet by i,

Fio. 86.—Cage usei' in Comstock Lode,

resting on iron bars p, and supported by iron rods on each side.

It is provided with a sheet-iron bonnet to protect the men if they are

inside, and also with safety catches (, t, which come into play if the

rope breaks. The hand levers k, k at the ends of the cage raise up

blocks which keep the car in its place during the ascent or descent

;

g, g are guides for the end of the crossbar b ; c, bar working teeth

t,t by levers; /, "ear" or "shoe" embracing the guide-rod in

shaft J r, lifting bar ; s, strong spring.

The most important details concerning the use of cages, ropes,

and other hoisting appliances such as pulleys, pulley-frames,

detaching hooks, and winding engines, have already been set forth

in' the article Coal, voL vi. p. li; and it is therefore needless

to repeat these particulars, especially as the art of winding mineral

cheaply, speedily, and safely has been carried to a far greater pitch

of perfection in collieries than in the majority of metal mines. It

is often convenient to fix winding engines underground for the

purpose of sinking shafts and winzes, and drive them by com-

pressed air brought down in pipes from the surface.

The lioepe system of winding, which appears to be viewed with
favour . m the Continent, consists in having what is practically an
endless rope with one large sheave over the shaft, in the place of

the two drums. There are two cages, and the rope below them
acts as 1 counterbalance, so that the load is uniform throughout
The n jst novel hoisting apparatus is that ofJl. Blanchet (Coal,

vol. vi. ;i. 76), which has now been regularly at work in the Hot-

tinguer shaft at fipinac in Franco for the last six years. M.
Blanche 's method consists in fixing in the shaft a large pipe in

which L arranged a piston ; from this is suspended a cage' carrying

waggons. By exhausting the air above the piston the load is

gradually forced up by the atmospheric pressure below it. The
Hottinguer shaft is 660 yards deep, and the pipe is 5 feet 3 inches

in diameter, made up of a succession of cylinders of sheet-iron

about -^ inch thick and 4 feet 4 inches high, joined by flanges and

bolts. The 485 rings composing the long pipe iveigh altogether

418 statute tons. The cage has nine decks, and arrangements are

made for unloading three at a time ; each waggon holds half a ton,

60 that the total useful load is i\ tons. The speed of hoisting is

20 feet per second. If two hoisting pipes are connected the dead

weights may be made to balance each other, and the power

required is simply that which is necessary to overcome the weight

of the useful load. All the men prefer the pneumatic hoist to the

ordinary cage for descending and ascending the mine, and are

regularly lowered and raised by it The advantages claimed by M.

Blanchet for this system are—(1) the possibility of hoisting from

depths at which rope-winding would no longer be practicable ; (2)

getting rid of the costly ropes and dangers connected with rope-

winding ; (3) better utilization of the engine power ; (4) improve-.

ment of the ventilation and diminution of the amount of fire-damp.

10. Drainage.—The mineral having been raised to the

surface, the task of the miner might appear to be at an

end ; but this is not the case, for it is further necessary

that he should keep his mine free from water and foul

air. These two indispensable operations of draining and

ventilating frequently require special appliances which add

considerably to the general cost of mining.

In all cases where it is possible, endeavours should be

made to keep the water out of a mine, so as to save the

expense of pumping it ; and the method of putting in a

watertight lining {tubbing) in a shaft has been already

described (Coal, voL vi. p. 62). When large streams of

water happen to be intersected by underground work-

ings, and threaten to overpower the available pumping

machinery, or when it is advisable to save the expenso

of draining abandoned workings, the entry of this water

into the mine may often be prevented by stoppings,

called dams, constructed of timber or brickwork.

In spite of all precautions, the miner generally has to

contend with water which percolates into the workings.

Four methods of getting rid of this water are available,

viz., adits, siphons, winding machinery, and pumps.

An adit, day-level, or sough is a nearly horizontal tunnel Adita.

with one end opening at the siirface, allowing, the water to

drain away naturally. In hilly countries mines are often

worked entirely by adits, and even when a mine is deepened

below the drainage level the utility of the adit is still

threefold :—it lessens the quantity of water which tends

to percolate into the lower workings ; it lessens the depths

to which the water has to be pumped ; and, by furnishing

a certain amount of fall, it enables water to be applied as

power. On account of these important advantages some

very long and costly adits have been driven for the purpose

of aiding the miners in certain metalliferous districts.

Thus in the Harz the Ernest Augustus adit ("Ernst August

StoUn") has been driven a distance of nearly 6i miles into the Klaus-

thai district. The total length of the adit, including the branches,

is no less than 14 miles. It intersects many of the lodes at a depth

of upwards of 400 yards from the surface. The total cost of this

adit is estimated at £85,500.

Another long adit is the celebrated "Rothschonberger Stolln,"

which unwaters some of the most important mines at Freiberg in

Saxony. The length of the main or trunk adit is.more than 84 miles

;

the gradient of the greater part of it is only 1-18 inch in 100 yards.

The branches of this adit among the mines are more than 16 miles

in length, so that the total length of the main adit with its

branches amounts to nearly 25 miles. Many of the mines are now
drained naturally to a depth of 250 to 300 yards. The cost of the

main tunnel was £359,334, or nearly £24 per yard, but this includes

the cost of eight shafts, hea^vy expenses for pumping from these

shafts, the walling of the adit for 3 mile, and all general expenses.

The length of time occupied in driving this adit was thirty-three

years. The " Kaiser Josef II. ErbstoUn " in Hungajy is another

remarkable mining tunnel, which was commenced in 1782, and com-

pleted in 1878 at a total cost of 4,599,000 florins. It is lOJ miles

in length, extending from the valley of the river Gran to the

town of Schemnitz, where it intersects the lodes at depths varymg

from 300 to 600 yards according to the contour of the surface.

In Cornwall the Great County adit was driven for the purpose

of relieving the Gwennap mines of their water, and it iras pushed on

nearly to Redruth. This adit differs from the great works under-

taken in Germany by the fact that it commences in the mining

district, and, though the length of all the drivages amounts to more

than 30 miles, the water from the most distant mine does not run

more than about 6 miles before reaching daylight The average

depth is only 70 or 80 yards from the surface. In fact this great

adit though a work of great utility when the Gwennap district

was in a flourishing condition, is merely a network of comparatively

shallow drivages, often along the lodes themselves, among the

mines, and therefore for boldness of execution cannot for one

moment be compared to the great Schemnitz, Freiberg, and

Klausthal drainage tunnels which have just been mentioned. The

Blackett Level in Northumberland is an adit which has been

driven a distance of about 4J miles, and it will have to be extended

about 2 miles further before reaching Ailcnhcads. Its depth from

the surface at this place -will be about 200 yards.

The main part of the Halkyn hmnel in Flintshire Is 2 miles

1256 yards in length, and the branch driven out to Rhoscsmor

mine intersected the vein at a distance of 809 yards, making

a total of about 3i miles. The greatest depth from the surface

is 230 yards, and the average depth in HaH-yn Mountain about
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215 yards. The length and depth of this adit aro not remarkable;

but the great quanti'y of water discharged is a point of considerable

interest and importince. It is estimated that this adit is now
discharging 15 million gallons or 66,000 tons of water iu twenty-

four hours, altliough the outflow is purely natural, for no mines
are pumping water into it It is now easy to understand that

the Khosesmor mine, though provided with powerful pumping
machinery, was unable to cope with the springs it encountered.

la tho United States the famous Sutro tuanel is an adit of which
the main branch, 4 miles in length, leaches the great Comstock lodo

ill Nevada at a depth of 1700 leet. Tho total cost of this tunnel,

which was completed in nine years, is estimated to have been

$7,000,000. The quantity of water running out daily in 1879 was
12,000 tons, at a temperature of 1^3° Fahr. at the mouth of the

tunnel. All this water must otherwise have been pumped to the

surface at a cost estimated at $3000 a day. The obstacles to

proCTess were very great : not only was the heat e.xtreme, but
swelling ground was encountered which snapped the strongest

timber. Thanks, however, to the untiring energy of Mr Adolph
Sutro, the difficulties were at last successfully overcome, and this

great work will long remain as a mouumeut to his for«sigfat, skill,

and patient pertinacity. t

The Atlantic-Pac!6c tunnel,' which was commenced in 1880, vnW
pierce the heart of the Rocky Mountains under Grey's Peak,
Colorado. It is being ""riven from both sides of tho watershed, and
will have a total length of 4j miles from end to end.

Siphons. Siphons have been used for unwatering worlnngs in

special cases ; but of course they will not act unless the

barrier over which the water is raised ia very decidedly less

than 33 feet.

Winding When workings cannot be drained by tunnels or siphons
machia- it is necessary to raise the water mechanically, either to
"^' the surface or at all e\ jats to an adit through which it

can flow away naturally. If tho amount of water is not
too considerable, it is often convenient to use the winding
machinery and draw up the water in special buckets (water-

barrels) or tanks. The bucket may be tilted over on reach-

ing tho surface, or it may bo emptied by a valve at the
bottom. This means of raising water is often adopted
while sinking shafts, when it may be desirable to wait till

the whole or a portion of the shaft is completed before
putting in the final pumping machinery.

Pomps. The varieties of pumps used in mines are numerous. In
small sinkings hand-pumps, either direct-acting or rotary,
may be applied ; steam-jet pumps on the principle of the
Giffard injectors are also used ; and pulsometers, though
requiring a large expenditure of steam, have the advantages
of being quickly fixed, of occupying little space, and of
working with sandy or muddy water. They are capable,
therefore, of rendering great services in special cases.

When we come to the definitive machinery erected in
large mines of considerable depth, we find that the pre-
vailing types of pumps are few. They may be classified

as follows :—(A) lifting and force pumps worked by rods
in the shaft actuated by wind, water, or steam power

;
(B)

fcrce-pumps at the bottom of the shaft worked by steam,
compressed air, or hydraulic pressure.

A. In describing the first method we have to consider the motive
power, the rods, and the actual pumps themselves.

Windmills have the disadvantage, which is often fatal, that the
poiyer is not constant By erecting an auxiliary steam-engine,
which can be set to work if wind fiiils, this evil is overcome ; and
at the Mona mines in Anglcsca a ivindmill pumps up water from a
depth of 80 fathoms at the rate of upwards of 90 gallons per
minute. As the site of the mine is breezy, there is wind enough to
work the mill about one-half of the time.
Water-power was for a long period the principal agent employed

in draining mines, and it is still of the greatest utility in many
iistr'cts, reservoirs being constructed to collect and store the
rainfall. Some idea of the scale upon which these works are
conducted will be gathered from the following figures relating to
the Harz mines. In 1868 there were " si.xty-seven reservoirs
covering an area of 60* acres, and having a storage capacity of
336.000.000 cubic feet."' The total length of the various leats,

' Mt.nwj mtl ScieUific Prtsa, San b"ranci»co, 1882, vol. xlv. p. 241. i

' " Notes on the new Deep Adit in the Upper Han Mines,'' by H.
Bouerman, Pfpart of i/u Miners' Aasocxalion of Cornwall and Devon-
nlure, 1868, p. '21. i

races, and other water-courses, including the sir principal adits, is

about 170 statute miles. The net power extracted 's reckoned at 1870
horsepower, but less than one-fourth of this is used for puuipin"

Water-power is applied to pumping machinery by water-whcela,

turbines, and rotary or non-rotary water-pressure engines. Except-

ing thocasoofUie latter, the rotary motion has to bo converted into a
reciprocating motion by a crank ; and fuitherniore with turbines tho

speed must DO reduced very considerably by intermediate gearing.

Overshot wheels are the commonest prime movers when pumps
are worked by water-power ; water-wlieels arc frequently coustnicted

40 or 50 feet in diameter, and at the Great Laxcy mine, in the Islo

of Alan, one of the wheels is no less than 72 feet 6 inches in diameter

and 6 feet in the breast The power is conveyed from the water-

wheel by a connecting rod toabeJlcrank(*o«) placed over'he shaft
;

and when, owirg to the contour of the grouna, the wheel has to be
placed at a distance, it is connected to the bobby the so-called y?(7(

rods, made of wood, bars of iron, or wire-rope, travelling backwards
and forwards, and supported by pulleys or oscillating upright beams.

Water-pressure engines have the advantage of being able at once
to utilize any I mouut of lall, and those which are direct-acting can
be applied immediately to the main rod of the pumps.

Stea'n, however, is the power used par excellence in draining

mines; indeed the first applications of steam-power were made for

this purpose, and Watt's great inventions owed-their birth to the

necessities of mines which could no longer be drained by the water-

power at their command.
. The p'iiiciDal type of engine is that known as the Cornish engine, pomle^
which is a single-acting condensing beam engine working ex- engine.
pensively. Its mode of action may be briefly desciibed as follows.

The steam is let in at the top of the cylinder and presses down the
piston, which is connected with one end of a large beam, whilst
the main rod of the pumps is attached to the other. When the
piston has completed its course the equilibrium valve is opened
by & cataract, and, the pressure on both sides of the piston being
now eqiul the weight of tho pump rods, or rather the excess of
their weight over that of the counterbalances, causes them to drop
and force up the water from the mine by means of the plungers,
which will be described immediately. Double-acting rotary
engines working the pumps by cranks may also be met with.
The rod iu the shaft, known as the mniJi rod or spear rod, is

usually made of strong balks of timber butted together and con-
nected by strapping plates fastened by bolts. It serves to work
either lifting-pumps or force-pumps, or both.

•''S- 87. Fig. 58.

The lifting.pump, or drawing lift (fig. 87},» consists of the ,un.t
bore, the clack-piece, the clack-B<at piece, tho working ban*

» .Micliell aii.l l,rt<-her on '•Conii^l, Mine IholnaRC." FeTlg ThirA
Annual Atporl qf Iht Royd Corvwoll Polvtechnic Sacictv. p. 'All.
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surmounicJ by pumps, and the" bucket with its rod. The whole

works like any orJinary pump, and needs no special explanation.

The force pump used in mines, known as the plunger-pump,

consists of a solid piston {plunrjcr) (fig. 8S)' working through a

stuifing-box in a pump standing on the H-picce. This has a valve

which communicates with the windhore resting in the cistern.

Above the K-piecc comes the door-piece with another valve, and

then a series of pipes, generally of cast iron, but occasionally of

wrought iron, constituting the column. The upward motion of

the plunger, which is attached to the main rod, causes an inflow of

water, which is forced into the column when the plunger descends.

It is usual to fix a drawing lift at tho bottom of the sliaft, which

raises the water into a first cistern, and thence a plunger forces it

into a second cistern some 60 yards higher up; and it is continually

forced up from cistern to cistern until it reaches tho adit or tho

surface.

Tlicre are numerous important matters which require special

attention, such as the valves, catches, balance-bobs, guiding

arrangements for the rod in inclined shafts, tho V-bobs, lend-otf

bobs, and running loops, which have to bo used when there are

bends in the shaft; but space will not permit of more than mere

mcnlion of these details.

Such then is tho standard arrangement worked by steam or

watrr power for pumping from mines. The great advantage of the

system consists in the employment of the jilunger, because it is

Simply necessary for t'le machine to raise a weiglit slightly greater

than tiiat of the water, which is forced up afterwards by the down-
stroke of the rods. Leaks are readily discovered, and the stuffing-

box can be easily screwed up as tho packing wears ; this is one

great reason of the superiority of the plunger compared with a

I'iston working in a barrel.

The.modifications of this system relate more to the engines em-
ployed than to the actual pumps themselves.

The cylinder of the Cornish engine is sometimes reversed and
stands over the shaft, the main rod being attached directly to the

piston. This type of engine, known as the Bull engine in Corn-

wall, dispenses with the ponderous beam, but it has the great

disadvantage of obstructing the mouth of the shaft. The use of two
cylinders combined, as invented by Woolf, causes less strain upon
the main rod and pumps {pit-tcork) and machinery generally, as the

initial velocity of the i)iston is smaller and the engine starts with
less jerk. . The cylinders are i>laced side by side or one above the

other.

^^..•, liley, of Bonn, has constructed engines on the Woolf system with

eneincs.
steam acting on both sides of the pistons. He makes the excess of

the weight of the rod over that of the counterbalances sufficient to

Vaiso only half tho wcigfit of the water and to overcome the friction;

and then in the descending stroke the steam acts on the top of the

piston and so makes up for the insufficiency in force of the rods. As
tlic steam acts on both sides of the piston the same amount is con-

sumed, it is true, but a smaller cylinder will do the work, and the
original cost of the engine is lessened. The same engineer of late

years has put up several pumping engines in Belgium, Germany, and
France of 30 to .^60 horse-power, with a fly-wheel which serves simply
to regulate the stroke of the piston, so that the crank always stops

before or after the dead point till the cataract starts another stroke.

Tho engines are double-acting, with two cylinders and beam. The
.advantage of working with the fly-wheel is that the main rod and
)>umps arc set in motion mthout the injurious jerk unavoidable

with a Cornish engine worked at a high rate of expansion.

Guinotf^'s Jl. Guinotte, the well-known Belgian engineer, also adopts a

.mrine flywheel, and the engines he has erected at JIariemont and else-

where are single-acting rotary engines with one cylinder. The
peculiarity of tho fly-wheel is that he can weight it in any way he
plea'os ; and he so overcomes the difficulty, which occurs in other
1 otary machines, of its being impossible to work them below a dertain

tpccd. His object has been to make the speed slow at the beginning
anil end of a stroke, so as to avoid the injurious shocks to the valves

and niachrnery generally from sudden starts and stoppages. In
order to make tlie main rod act by traction only and not compression,
which may be advisable with iron rods, the plungers are sometimes
reversed ; whilst Kraft of Seraing has introduced the Eittinger

pump, wliich consists ofa hollow moving plunger with a valve inside,

and a plunger case above it working over a hollow fixed plunger.
liy this arrangement both the up and the down stroke of the
cngino Ciuse water to be forced up; and this pump is used with
a double-acting rotary engine.

1!. We n.ust now speak of tKe second class of pumps, viz., force-

]iump3 worked by steam, water-power, or compressed air at the
Iiottom of the shaft.

Tlie steam pnmps arc of very various descriptions,' but they
mostly consist of one or two plungers, or rams, set in motion by a
•"tary or a non-rotary engine, which may or may not work with
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' Mic'.f'l and Letcher on "Cornish 'Mine Drainage," Forty-Third
Annual Report of the Royal Cornwall Polytechnic Society^ p. 211.

- Stephen Michell, Mine Vrniiiage, London, 1881.

expansion and condensation. Tho plunger oi ram is generally

fixed directly on to the piston, and works in the same fine, con-

sequently tho power is transmitted to the plunger with the least

possible loss. The water is forced up the shaft In one longcobnnn.
Engines and pumps of this kind are easily kept in order; all the

parts are readily accessible. The miner is able to dispense with the

lieavy beam, the massive engine-house, the long main rod and iU
connexions and bobs, the various cisterns and plungers, and instead

he has a compact and easily superWsed machine and a simple line

of pipes taking up but little space in the shaft; the pump car

therefore be erected and set to work very quickly, and this is 8

matter of tho utmost importance in emergencies. It is true tha,1

these direct-acting steam-pumps, even when worked by a compound
engine, cause a greater consumption of coal than the Cornish engine

;

but, as a set off, there is the economy in first cost, erection, and
repairs which has led to their adoption more especially in collieries.

The steam is generated by boilers underground, or is conveyed from
the surface in well-jacketed pipes.

If natural water-power is available water-pressure engines working
the plunger directly are often cfn ployed, ana indeed such water-power
may be created artificially for use in workings where steam-nower is

objectionable on account of the heat. There are other reasons too

for employing water for transmitting power ; where the length of

the rods is very great, and they have to be worked quickly, there is

a great liability to breakages; in order to overcome these difficulties

at the mines on the Comstock lode, Mr Joseph Moore' uses a steam-
engine at the surface to work an hydraulic accumulator, and then
by pipes conveys the water under pressure to Jiydraulic engines

working plungers. These are fixed at 2400 feet from the surface,

and force the water in one column, 813 feet high, to the level of

the Sutro tunnel. The exhaust water is returned to the surface in

pipes and used over again. The pumps are now raising 1600 to

1700 gallons per minute.
Where compressed air is being supplied to a mine for drilling

and winding purposes, it is often convenient to employ it, by
means of direct-acting pumps, such as are generally used with
steam, for the drainage of small teiaporary sinkings ; and occasion-

ally large pumps raising considerable quantities of water are worked
in this way.

11. Ventilation and Lighting.—The composition of the

air of the atmosphere is about one-fifth by volume of

oxygen and four-fifths of nitrogen, with a little carbonic

acid gas ; more exactly, the standard amount of oxygen

may be taken at 20'9 per cent., and that of the carbonic

acid gas at 003 per cent. -The atmosphere of mines is

subject to various deteriorating influences : not only do

noxious gases escape from the rocks into the underground

excavations, but also the very agents employed in the

execution of the work itself pollute the air considerably.

The dangerous emanations of fire-damp in collieries have

been already described (Coal, vol. vi. p. 72); and with

reference to this gas it is simply necessary to say that its

presence is not entirely confined to coal mines. Large

quantities have been observed in Silver Islet mine,* Lake
Superior, where several explosions have occurred, whilst

small quantities are met with in the stratified ironstone of

Cleveland, and also in the Cheshire salt mines
;
jets of the

gas may be seen constantly burning in the salt mine at

Bex in Switzerland ; a little has been noticed also in lead

mines in Wales and Derbyshire. In the Sicilian mines the

amount given off by the black carbonaceous shales inter-

stratified with the sulphur beds is sufficient to cause

dangerous explosions. It has been pointed out (vol. vi. p.

72) that carbonic acid gas exudes from coal;^ it escapes

also from some mineral veins. At the lead mines of

Pontgibaud in central France it is so abundant that special

fans have to be provided for getting rid of it ; very distinct

issues of this gas may be observed at the Foxdale mines in

the Isle of Man, and in the Alsten Moor district it is not

' Trans. Inst. Engineers and Shipbuilders in Scotland, 1882.
* Engineering and Mining Journal, vol. xxxiv. p. 322.

' A. Schondorff, " Untersuchung der auszichenden Wetterstrome in

den Steinkohlenbergwerken des Saarbeckens, " Zeilschriftfnr das Berg-,

BUten-, und Salinen-Wesen im Freussischfn Staate, vol. xxiv. p. 73;

and CI. Winkler, "Die chemische Untersuchung dcrbei verschiedenen

Steickohlengruben Sachsens ausziehenden Wetterstrome und ihre

Ergebnisse," Jahrbuch fur dasBcrg- und Iluttcnwesen im Konigreiche

'<"chsni auf das Jakr 1SS2, p. 65.
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ancommon. This gas is likewise given off in the Sicilian

sulphur mines, where also the highly poisonous sulphuretted

hydrogen is of frequent occurrence, the water in the work-

ings being often saturated with it. Small quantities of

mercurial vapour occur in quicksilver mines.

Such then are the principal gases which naturally pollute

the atmosphere of mines, and have to be swept out by

ventilation. In addition to these we have the products

of the respiration of the men and animals in the pit, and

^ose due to the combustion of candles or lamps, and the

explosion of gunpowder, dynamite, «kc.

Dr Aiigu3 Smith' reckons that two men working eight hours,

lind using 4 lb of candlca and 12 oz. of gunpowder, produce 25'392

cubic feet of carbonic acid (anhydride) at 70° F.,—viz., 1032 by
breathing, 12'276 by candles, and 2'796 by gunpowder.

The products of the explosion of gunpowder have been carefully

studied by Captain Noble and Sir Frederick Abel, and the follow-

ing figures, showing proportions by weight, are copied from the

valuable paper' containing the results ofsome of their researches:

—

ToUl solid products
Toul gueous product*..

W«t«r. _

Curtis A Harrey's Mining
Ko. 6 Gunpowder. Powdei

57-74

117

47-04
61-35

1-fil

The solid residue of the mining powder consisted jnainly of

potassium carbonate, potassium monosulphide, and sulphur. The
percentage-composition by volume of the gas produced was :

—

C*rbonlo anhydilde
Cu-bonlc oxide
Nitrogen.
Sulphuretted hydrogen..
Marsh gu
Hydrogen.

Curtis A Harvey,
No. 6.

>0-22

7 52
S4-46
2-08

2 4G
S-2ti

100-00

Mining
Powder.

32 IS

33-75

19 03
7 10
273
5 54

10000

The volume (calculated for a temperature of 0° C. and barometer

ifiO mm. of mercury) of permanent gases generated by the explosion

of 1 gramme of dry powder is

—

Curtis <JE Harvey, No. 6 241-0 cubic centimetres.

Mining 360-3 „ ,,

Mil. Sarrau and Vieille have communicated to the Academy of

Sciences' the results of their researches concerning the decomposi-

tion of certain explosives, and more particularly gun.cotton and
nitrated gun-cotton. The following table shows, in litres, the
volume (at 0° C. and 760 mm. of mercury) of each of the gases per
kilogramme of the substance exploded in a closed vessel :

—

Kind of Exploaire.

ol)
Puregul-cotton....

Gun-cotton and niti-ato ol

potash (50 per cent,
'

each)
Gun-cotton (40 per cent.)

and nitrate oi ammonia
(60 per cent.)

Nitro-Rlycerin
Ordinary blasting ponder....

N. O. c.n,.

1071...

109,45

147 25
65 ...

711

335

401

467
304

If, however, the explosive is decomposed ^t a pressure approach-
ing that of the atmosphere, the volumes (again at O'C. and 760mm.
of mercury) are very different, as shown below:

—

Kind of Exploslvo.
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Fig. 91.

Harz blower (duck machine, Cornwall) (fig. 91) is not

UQCommon. This is merely an aii^pump of very simple

construction which is worked by the

main rod of the pumps, and can be

arranged so as to exhaust the foul

air or force in fresh air.

In working in blasting ground,

boring-machines driven by com-

pressed air are becoming more and

more largely used every day, and
the exhaust air escaping from the

machines is invaluable for ventilation.

At the same time, on account of

volley firing, the quantities of dele-

terious gases generated in a short

space of time are very considerable

;

and, in order to get rid of them
speedily, the compressed air may be

utilized for working a Korting aspirator or the somewhat
similar ventilator of Mr Teague, a jet of compressed air

turned into a ventilating pipe, which creates an exhaust
(fig, 921). NaturaUy this

ventilator is merely

brought into play at the

time of blasting, and
while the boring ma-
chinery is out of use.

When compressed air is ^'S- ^'^

being supplied on a large scale to a mine for boring and
winding machinery, it is often convenient to convey it by
a small gas-pipe to working places in which thp ventilation

is inadequate. Of course, in one sense, it is very unecono-

mical to compress air to a pressure of 60 or 70 & to the

square inch for ventilating purposes only; but, where com-
pressing machinery is always at work on the mine, it may
be better to be a little wasteful of cheap power at the sur-

face than to go to the greater expense of having a man or

boy to work a fan underground.

Mines are lighted by lamps, torches, candles, and
electricity. The subject of safety lamps for fiery mines

has already been discussed (see Coal, vol. vi. p. 72), and
consequently the question of illuminating mines may be

treated in a very summary manner.

Lamps vary very much in shape and size. The Sicilian miner has

a mere shallow cup of unglazed pottery ; the Saxon a small tin or

brass lamp in a wooden box lined with tinplate

and open in front. In the Harz the miner prefers

a heavy flat iron lamp with a hook by which it is

stuck into the timber or any crack in the rooks
;

in France, northern Italy, and parts of Spain, the

iron lamp is lenticular in shape and also suspended

by a hook. In Scotland, and parts of Germany
and the United States, a small tin lamp of the

shape shown in fig. 93 is very common ; the hook
enables it to be carried on the hat while climbing '^^^ ""•

ladders, and to be fixed up underground. Olive oil and rape oil are

burnt in these lamps
;
petroleum lamps are employed occasionally.

The miners of England and Wales still cling to the tallow candle;

and when surrounded by a lump of clay it can easily and quickly be

fixed in the working place or carried upon the hat when climbing,

(ias brought down from the surface answers for illuminating large

excavations, such as on-setting places and engine-rooms.

Up to the present time the electric light has been but little used

underground on account of its want of portability, and the small-

ness of the spaces requiring illumination. Very often a few men
only are employed in each working place, and consequently the

expense incurred in fixing and shifting the lamps and maintaining

them alight would be out of proportion to the value of the work
executed. However, an incandescent electric lamp has been invented

weighing only 10 ft, which gives the light of three candles for six

hours, and it may be reasonably expected that improvements will

be made which will render the electric light more available for

underground purposes than it is at present. When the area requir-

ing illumination is large, an arc-lamp may bo used with advantage.

' Trans. Hoy. Geo!. Soc. Cornwall, vol. i. p. 142.

Among the first successful applications of electric lighting to
underground excavations may be mentioned that of M. Blavier at
the Angers slate quarries." In the year 1879 he fixed two Serrin
lamps in one of the large underground chambers with an area of
2400 square yards, and he found that they gave light enough for all
the men at work. The total cost, reckoning everything, viz., coal,
carbons, repairs, labour, depreciation of plant, and interest oncapital,
is 50 francs per day ; the gas formerly in use cost 54 francs a day
and gave much less light. It is evident, however, that the arc lights
can only be applied with advantage in special cases where a large
number of men are concentrated in one working area which can bo
illuminated from one or two points.
The large chambers in the salt miiie of Maros-Ujvar in Hungary

have been regularly lighted up by electricity since 1880. The cost
is somewhat greater than that of the tallow, oil, or petroleum
formerly in use ; but, on the other hand, the illumination is better,
the men can do more work and are more easily supervised, whilst
the air of the mine is not deteriorated by the products of combustion
of the lamps. *

12. Means of Descending into and Ascending from
Mines.—Where mines 'are worked by adit-levels the men
naturally walk in along the ordinary roadways ; such
mines, however, are exceptional, and the men generally

have to climb down and up by ladders, or are raised and
lowered by machinery. The means of access to and from
workings may be classified as follows :^(1) steps and
slides; (2) ladders; (3) cages; (4). man-engines.

If a lode or seam is inclined at an angle or 40° or 50° from the Steps,
horizon, steps may be cut in the floors of the deposit if it is firm
enough, or wooden stairs may bo put in with a hand-rail. Even
with higher dips steps may be arranged by directing them in a line

intermediate bet^veen the dip and the strike. In speaking of con-
veyance underground, reference has already been made to the practice
of carrying sulphur ore in Sicily and slate in Germany up to the
surface by steps ; and steps may be found in other foreign mines
and occasionally in Great Britain. They are much less fatiguing
than ladders placed so flat that part of the weight of the body rests

upon the arms. In some of the Austrian salt mines the men Slides.

descend by wooden slides inclined at angles varying from 30° to 60°,

flattening at the bottom to destroy the velocity gradually ; the
ascent is effected by steps.

Ladders are very largely used in metal mines aU over Laddera.

the world, but they vary a good deal in different countries.

The ladder consists of two sides and a series of rungs

{staves, Cornwall). The sides are usually made of wood,

and the rungs of wood or iron. The distance between the

rungs is important ; 10 inches from centre to centre is

sufficient, for climbing upon ladders with the rungs 12

inches apart is decidedly more fatiguing. On the Continent

wooden rungs are commoner than iron ones, and oak is

preferred. Sometimes the wooden staves, instead of being

round, are flat, so as to stand more wear, and iron sides

may be seen in places where dry rot is very bad. Platforms

should be fijxed at short intervals, not exceeding 3 or 4

fathoms in perpendicular shafts, so

as to prevent falls from having fatal |
consequences.

In many cases sufficient attention

is not paid to the angle of inclination

of the ladders. A ladder is climbed

with the least fatiguewhen the person

uses his arms simply to steady him-

self, and is not compelled to puU
himself up by them, as on a vertical

ladder, or to support much of the

weight of his body by them, as

happens with a very flat one. The
best angle is about 20° from the

vertical, and in Belgium the autho-

rities have very wisely decreed that no ladder shall be

inclined at an angle of less that 10° from the vertical.

Furthermore, of the two arrangements shown in fig. 94

' M. Blavier, "L'^clalrage ilectrique aux Ardoisieres d'Angers,

Annales des Mines, ser. 7, vol. xvii., 1880, p. 5.

' Oesterrfichische Zeitschri/l /Ur Berg- und UuUenwtun, 1882, K(V

25, p. 296.

Fig. 94.
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A is better than B, because it not only affords a greater

inclination for tho ladders, hut also renders it less likely

that a nian will drop through tho opening (manhole) in

the platform (soltiir) if ho loses his hold and falls. These

may seem trifling matters ; but, leaving aside the question

of safety, tho economy derived from fixing the ladders

it the best JLcliaation is by no means small. To make
this apimrent we must recollect the depths to and from

which men have to climb, viz., 300, 400, and even 500
yards. It is important, therefore, to save every unnecessary

expenditure of energ}-, which, though trifling for one ladder,

becomes considerable when repeated a great number of

times. When a mine has reached a depth of 200 yards,

ind o fortiori when it exceeds it, mechanical aoDliances

should be introduced for raising and lowering tne men,
because time and strength are wasted by climbing.

Medical men also are agreed that excessive ladder-climbing

is injurious to tho health of the minerl Therefore, both

upon hygienic and financial grounds, one of the first

thoughts in working a mine should be the conveyance of

the men up and down the shafts by machinery with the

least possible fatigue.

Cages. In collieries and other mines worked by perpendicular

shafts, it has long been customary to raise and lower the

men by the ordinSry winding machinery already described.

In the United Kingdom it is necessary that guides should

be used if the shaft exceeds 50 yards in depth ; safety-

catches and disengaging hooks (Coal, voL vi. p. 75) are

frequently applied for the purpose of preventing accidents.

The simplicity of this method of ingress ' and egress

naturally renders it popular, and statistics prove that,

where proper precautions are \ised, it is exceedingly safe.

\Un- The first man-engine was put up in the Harz in 1833, and
•ngin«a. nine years later a similar machine was fixed in Tresavean

mine in Cornwall. Since that time this very useful means
of conveying workmen up and down shafts has been resorted

to in other mining districts, and especially in Belgium and
TVestphalia.

Two kinds of man-engine are in use, tlie double-rod machine and
the single-rod machine. The doubierod or original man-engine
consist) of two reciprocating rods like the main rods of punrps, carry-
iug small platforms upon wliicli tlio men stand. The stroke is from
4 to 16 feet, and the little platforms are so anangcd that they are
alft-ays opposite each other at tlic beginning and end'of each stroke.

Figs. 95 and 96 represent the rods in tho two final positions. A
man wL_ wishes to descend steps upon platform b (fig. 95) ; the rod
B go«s aovTi, and A goes up, so that * (fig. 96) is brought opposite
c. The man steps across from 4 to c, ancT then the rod A maKes a
down-stroke, B an up-stroke. Platform c is now oppo-
site d (fig. 95), and tho man again steps across ; and
thus, by constantly stepping from the rod as it com-
pletes its down-stroke, the man is A
gradually conveyed to the bottom of
the shaft By reversing tho process, *

or, in other words, by stepping off

on to tlie opposite platform as soon
as the rod has completed its up-
stroke, the man is raised to the sur-

face, without any fatigue beyond that
of tho \ery slight effort of stepping
sideways. If each rod makes four

up and down strokes of 10 feet each
ncr minute, the rate of ascent or
descent will be 80 feet per minute.

Tlie single-rod man-engine has one
rod carrying steps, whilst fixed plat-

forms are arranged in tho shaft so as

to correspond exactly with them
(fig. 97). If a man wants to go
down, ho steps on to A when tho
up sitroke is completed ; the rod goes n 95 ^j

"
gg y j^down and A is brouglit down oppo- =0 o

Bito to tho fixed jjlatform J, on to which he steps off. Ho then
waits on b until the rod has finished its up-stroke. B is brought
opposite b ; he steps on to B, the rod goes dowu and he is brought
oppoiitc c, where ne steps off again and waita. By reversing the
ijieration he is gradually lifted to the top of the shaft. The single-

roi.1 engine may b« used by men going up while others are going

e.L. ,^

«| i' "ii. tfc

down, provided that there is sufficient room upon the fixed ulat-

forms (suHar.i). The best plan is to luivo sollars right and left, as

shown iu the figure, and then the ascending men step off to the left,

for instance, while tho descending men take the rigut-hand sollars.

The ascending man steps on to the man-engine a.s soon as the

descending man steps oil", and so tho rod may bo always carrying

men up or down. The usual stroke in Cornwall is 12 foot, anJ

there are from three to five or six strokes a minute. With five

strokes the men descend 10 fathoms a minute, or in other words a

descent or ascent of 300 fathoms occupies half an hour. Tho
reciprocating motion is best obtained from a crank, becaiuse in this

case tho speed is diminished gradually at the dead points, and

tho danger of an accident in stepping off and on is thereby dimin-

ished; man-engines, however, are sometimes driven by direct-acting

engines.

Man-engino rods are constructed of wood or iron ; and at An-

dreasberg in the Harz each rod is replaced by two wire ropes. Like

a pump rod tho man-engine rod requires proper balance bobs and

catches, and for the safety of the men a Handle is provided at a
convenient height above each stop.

The man-engine has one great advantage over the cage, which

consists - the fact that it can be safely applied in in -lined and evert

crookea :iT.afts ; and it is for this reason that man engines liave been

adopted in many metal mines unprovided with vertical shafts.

Careful comparisons as regards safety of travelling have been made
in Prussia between laddoi-s, man-cngincs, and cages. The average

accidental death-rate is shown by the accomiiaiiying table, which
gives averages for a period of ten years, 1871 to ISSO:

—
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to be rendered fit for sale, at otUer times tlie washing is

necessary as a preliminary process previous to sorting by

hand. The operation is perfornied either by raking the

ore backwards and forwards upon a grating under a stream

of water, or in a box containing water, or, thirdly, by

means of an inclined revolving iron drum worked by hand

or any other motive power. The machines used for this

purpose, known as washing trommels, are revolving

cylinders or truncated cones of sheet-iron provided with

teeth inside. The ore is fed in at one end, is subjected to

the action of a stream of water, and is discharged at the,

other end.

The stuff, i.e., thfe mi.xed ore, veinstone, and country

rock, having been cleansed, it is now possible to make a

separation by hand. Women and children are generally

employed for this work, as their labour is cheaper and

their sight sharper than that of men. The stuS is spread

cut on a table, and various classes are picked out according

to the nature of the products furnished by the mine.

Thus in a lead mine we may have—(a) clean galena, (6)

mixed ore, i.e., pieces consisting partly of galena and

partly of barren veinstone, (c) barren veinstone and country

rock. This is a most simple case ; very frequently we
have to deal with a vein producing ores of two metals,

especially in the case of lead and zinc, and then the

classification into various qualities becomes more com-

plicated.

(2) Reduction in size is necessary for two reasons. Even
when an ore ' is sufficiently clean for the smelter, the large

lumps are often crushed by the miner for the sake of

obtaining a fair sample of the whole, or supplying a

product which is at once fit for the furnace. The chief

reason, however, for disintegration lies in the fact that the

particles of ore are generally found enclosed in or adhering

to particles of barren veinstone.

The disintegration is efiected by hand or by machinery.

Large blocks of ore and veinstone are broken by men with

large sledge hammers, and the reduction in size is continued

very often by women with smaller hammers. Sometimes

the blow of the hammer is directed so as to separate the

good from the poorer parts, and hand-picking accompanies

this process, called cobbing. Ore may be crushed fine by

a flat-headed hammer {bucking iron) on an iron plate.

The machines used for reducing ores to smaller sizes are

Tery numerous ; here it is impossible to do more than

briefly call attention to those most commonly used. These

are stone-breakers, stamps, rolls, mills, and centrifugal

pulverizers.

The stone-breaker, or rock-breaker, is a machine with

two jawi, one of which is made to approach the other, and
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FtG. 98.—Blake's Stonebreaker, improved by Marsilen.

SO crack any stone which lies between them. The best-

known stone-breaker is the machine invented by Blake,

which has rendered inestimable services to the miner for

tbe last twenty years, and the introduction of which con-

stituted a most important step in advance in the art ol

ore-dressing. Its mode of action is very simple. When
the shaft A (fig. 98) revolves, an excentric raises the
" pitman " B, and this, by means of the toggle-plates C, C,

causes the movable jaw D to approach the fixed jaw E
by about -| inch at the bottom. When the pitman descenila

the jaw is drawn back by an india-rubber spring. The
jaws are usually fluted, the ridges of one jaw being

opposite the grooves of the other, and they are so con-

structed that the wearing parts are quickly and easily

replaced.

ifr Marsden of Leeds has lately introduced a pulverizer,

constructed on the principle of the stone-breaker, which
will reduce large stones to the finest powder in one opera-

tion. The moving jaw has an up-and-down as well as the

old backwards-and-forwards motion, and the stones are

first cracked and then ground by the double action.

Stamps are pestles and mortars worked by machinery, stamps
The construction of the modern California stamp mill with

revolving heads is explained in Gold, vol. x. p. 747, and
the description need not be repeated. Li Cornwall the

older form with rectangular heads still prevails.

It is impossible to give any correct average figures

representing the work done by a stamping mill, because

this varies with the hardness of the stuff treated and the

fineness to which it must be reduced. However, it is usual

in Cornwall to reckon 1 ton of tinstufi and in California 1

to 1^ ton of gold quartz stamped per horse-power in

twenty-four hours.

Stamps are principally used in dressing the ores of gold,

silver, and tin, but are occasionally employed for those of

copper and lead. The stamps described at vol. x. p. 747

act simply by gravity. Another form, which has met
with favour in the Lake Superior district, is the direct-

acting or Ball stamp, which works like a steam hammer,

tile blow of the head being assisted by the pressure of

steam. At the Calumet and Hecla ^Mill, Lake Superior,

each Ball stamp is capable of crushing 130 tons in twenty-

four hours. In a third kind of stamps, the heads are lifted

by a crank and the power of the up-stioke compresses a

cushion of air (pneumatic stamps) or a spring, storing up

power which makes the down-stroke strike a heavier blow.

Revolving rolls were introduced in the west of England Rolls,

in the early part of the present century to replace bucking

by hand. The machine, now often knovm as the Cornish

crusher, consists of two cast-iron or steel cylinders which

revolve towards each other,, whilst at the .same time they

are kept pressed together by levers or springs. The

cylinders or rolls are generally from 18 inches to 2 feet or

2 feet 8 inches in diameter and 12 to 22 inches wide.

Stone mills constructed like flour mills are employed in

some countries for reducing ores to powder; and the

arraslra, which consists of heavy stones dragged round

upon a stone bed, has rendered good service in grinding

and amalgamating gold and silver ores, in spite of its being

slow and cumbersome. Edge-runners (Chilian mills) also

deserve mention.

Iron mills, known aj >"t?w, with grinding surfaces made

of chilled cast-iron and arranged so that they can be

quickly and easily replaced when worn out, are greatly in

vogue in the United States for the treatment of ores of

gold and silver ; the ore delivered to them is already finely

divided, and they are intended, not only still further to

reduce the size of the particles, but also and more especiaJly

to effect the amalgamation of the precious metals with

quicksilver. The pulverizers used in.Cornwall for grinding

grains of tin ore with a littla waste still adhering to them

are also iron mills.

The centrifugal pulverizers are machines by which tha
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pieces of ore are thrown with great velocity against bars or

arms, or against each other, and so reduced to powder ; in

other machines iron balls or iron rollers are whirled by

centrifugal force against an iron casing and grind any

mineral contained inside it. These pulverizers are much
less used than stone-breakers, stamps, and rolls for the dis-

integration of metallic ores.

(3) Classification of a crushed ore into sizes is absolutely

necessary in some cases and advisable in others, because

the subsequent concentration is dependent upon the fall

of the particles in water, as will be presently explained.

Classification by size is effected by sieves. Hand sieves

and flat sieves placed one above the other have been super-

seded at most dressing establishments by cylindrical or

conical revolving screens known as trommels. These

screens are made of wire web or of perforated sheets of

metal, and they are often arranged so as to discharge one

into the other, so that the ore from a crusher can quickly

be separated into classes of various sizes.

With sizes of less than 1 millimetre (^ inch) trommels
are no longer employed, and recourse is had to the so-called

separators or classifiers. These are boxes in the shape of

inverted cones or pyramids into which the finely crushed

ore is brought by means of a current of water ; a jet of

clean water is often made to rise up in the bottom ; the

larger and the specifically heavier particles fall and are

discharged with a stream of water at or near the bottom,

whilst the smaller and specifically lighter particles flow

awi> V at the top. The separators do not effect a true classi-

ficatioa by size ; they merely cause a division by equivalence,

a term which will be explained immediately.

Concen- (4) We now have to deal with the enriching of the ore,

tration. or the concentration of the valuable particles into as small

a bulk as is economically advantageous. The concentration

is generally brought about by the fall of the particles in

water. Occasionally the fall in air is utilized; mercury is

employed as a collecting agent in the case of gold and
silver, and in a few instances magnetism can be applied.

The concentration in water depends upon the difference

in specific gravity of the valuable ore and the waste vein-

stone or rock. A piece of galena with a specific gravity of
7 "5 sinks to the bottom mo,e quickly than a similar piece

of quartz, the density of which is only 2'6. Nevertheless

a large piece of quartz may fall to the bottom as quickly

as a small piece of galena. Particles which have equal

velocities of fall, though differing in size and specific

gravit)-, are said to be equal-falling, or equivalent. P. von
Rittingcr shows that a sphere of quartz of \ inch in

di" metef would sink in water exactly as quickly as a sphere

of galena of -^^ inch in diameter, and these two particles

are therefore eqiiaPfalling. Consequently, before we can
separate properly by water it is necessary to classify the

particles by size, so that equivalence shall not prevent a
separation or lessen its sharpness. It is nevertheless true

that in the early part of the fall of equivalent grains the

influence of the specific gravity preponderates, and the

denser particles take the lead ; therefore, by a frequent

repetition of very small falls, particles which have not been

closely sized may still be separated.

The principal machine for concentrating particles of sizes

ranging between 1 inch and j^ inchjs the jig or jigger.

The hand jigger is merely a round sieve which is charged

with the crushed ore and then moved up and down in a

tub full of water. The particles gradually arrange them-

selves in la)'ers, the heaviest on the bottom and the lightest

at the top. On lifting out the sieve the light waste can

be skirnmed off with a scraper, leaving the concentrated pro-

duct below ready for the smelter or for further treatment.

Similar sieves worked by machinery were for a Ion" time

employed in dressing establishments, but the introduction

of the improved continuous jiggers has led to thai

abandonment in all works of any importance. The '•"'^

tinuous jigger is one of the

most useful dres-sing ma-
chines of the present day.

It consists of a box or hutch

divided by a partial partition

into two compartments; in

one is fi.xed a flat sieve « (fig.

09), which carries the ore,

and in the other a piston p
is made to -work up and

down by means of an ex-

centric. The hutch being

full of water, the movement
of the piston causes the water

to rise up and fall down
through the ore, lifting it

and letting it fall repeatedly,

"^he effect of these frequent

lifts and faUsistocauseasepa-

ration of the previously sized

ore into layers of rich mineral at the bottom, light waste at

the top, and particles of ore mixed with waste in the middle.

Tlie great value of these jiggers 13 the continlioiis discharge of

the pro3uct3 withoat stoppages for their removal. Several methods
are in vogue, viz., the end discharge, the central disoharge, aiic.

the discharge through the meshes of the sieve. With the first, tlie

enriched product lying at the bottom of the sieve passes out through
openings at the end of the jigger, and the amoimt escaping is

governed by an adjustable cap or shutter, by which the size of the
openings can be increased or diminished at pleasure ; the middle
product can be discharged by openings placed a little higher up,
whilst the waste is washed over the top of the end of the jigger at

each pulsation. Very often a first sieve simply separates a concen-
tratea product and discharges the poorer product into a second sieve,

where a similar separation is effected. With the central discharge,

a pipe is brought up through the bottom of the sieve, and the size

of the opening for the escape of the concentrated ore is regulated
by a cylindrica cap
which can be raised or

lowered by a screw. The
discharge through the
sieve is especially adapted
for the finer products
from the crusher, though
it is also used in some
cases for grains up to J
inch in diameter. The
mesh of the sieve is

chosen so that the par-
ticles under treatment
will just pass through,
but above the sieve a
layer of clean ore is

placed which prevents
anything but the heavier
particles from being dis-

charged. The pulsations
of the water, as before,

causa a Bepamtion into
layers, and the heavy
rich particles find their
way through the bed and '^''S- lOO.

drop into the hutch, whence they can be drawn off through a hole
at pleasure. The poorer part passes over a simple siU at the cn<l of

the sieve, or to a second sieve if necessary. Three c four sieves

are occasionally arranged in a row m one machine.
Fig. 100 is a section through the two .sieves of a Harz sana jig.

The pistons act in the manner explained by fig. 99.

The smaller sizes are concentrated by a variety of

machines. The action of many of them is based upon the

behaviour of particles carried down an inclined piano by a
thin stream of water. If the gradient of the plane and
the strength of the thin current are properly arranged, the

denser particles will be deposited and the specifically lighter

ones washed away, although they may be equal-falling if

allowed to settle in deep water.

,-^N
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The principal machines for concentrating fine sands and

sUmes are the frame, rotating frame, percussion frame,

side-blow percussion frame, revolving belt and Frue

vanner, the hand buddle, the round huddle, and the keeve.

The frame is simply an inclined wooden table upon which a thin

deposit iB formed by the sheet of ore-and-waste-beanng water whch

is made to flow ov^r it gently The stream is then stopped and the

deSt washed offby hand or automatically, and collected in p.ts

for subsequent retreatment by similar apphances .f necessary.

^
The rotating frame is a ronnd table with a very Aa convex

conical surface ; the ore for suspension flows on at one part of the

cenho and forms a thin deposit which is

"^^^f
^^^^le top and

poorest at the bottom, and this deposit is ^^^^P^^ °«^f.
*^',*° ^™.

two classes by means of icto of water, under which the table passes

a^ it turns round. Concave rotating tables, fed at the circumfer-

'"^^he^ptrt^srn'Se. Ih. Stosskeera_ of the Germans, is a t.ble

euspenl«d by four chains which receives a succession of blows

from a cam in the direction of the stream flowing over it
;
after each

blow it bumps against a piece of t.mber before
^/="""f

t^%°
^\*

blow These bumps cause the ore to settle, and after a thict

deposit i formed ^it is dug off with the shovel, the upper end

beine richer than the middle or the tail.
, j ^ ,

Rittinger's side-blo\/ lercussion frame is a suspended rectangular

table ABCD (fig. 101), receiving blows and bumps on the side ana

not on the end. A stream of orey s w ...

water S is fed on at the corner A;

clean water W is supplied by the

other head-boards H, H, Ix ;
and

the table is pushed out by cams in

the direction of the arrow, and is

driven back by a spring so that

the cross.piece £ strikes against a

bumping-block K. The light par-

ticles travel down the table much

faster than the heavy ones, and

take a comparatively straight

course ; whereas the heavy and

richer particles remain on the

table, subject to the influence of

the side-blows, for a much longer

time, and travellinf, alongacuived

path reach the bottom at F. The

middle class is discharged at G
and the poor waste at K. The

exact degree of richness of the j. u.^

—

j^
—

' " ^ V
products can be regulated by alter- p. j^j

me the pointers, strips of wood
,.

' j i

^hich can be turned so as to divide the stream of ore and waste

where thought most desirable. The great advantage of this

machine over the old percussion frame is its continuous action.

The Frue vanner (fig.10'2) may be looked upon as an improved form

of Brunton's simple revolving bcH. It is an endless band of india-

rubber cloth, flanged on each

side, which revolves slowly in Xg>t^

the direction of the arrows, ^
whilst at the same time it is

shaken sideways by a crank

motion. The orey water is fed

on at A, clean water at B. The

natural path of tlie )iarticles is

lightest of all flow away at C.

I
even by revolving brushes D.
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The surface of the sediment is kepi

This machine may be compared U

Fig. 102.

Scale.

a number of hand buddies arranged radially round a centre. The

deposit that is formed is dug out in rings of varying nchness.

natural patli o: the lariicies is
.

down the inclined belt, but the specifically heavier ones settle upon

it and are carried upwards. Those that can resist the action of the

stream of clean water at B go over the end and are washed off as

the belt passes through the tank. The poor stufl- fa Is into the

waste launder. The degree of concentration can be regulated by the

slope and speed of the belt and the stren.;th of the streams of ore

and water The Frue vanner has the disadvantage that it makes

only two classes, rich and poor, without any intermediate product.

The hand buddle is a rectangular wooden box with a slopm"

bottom. A stream of fine ore and waste suspended m water is led

in at the upper cud and gradually forms a deposit on the bed of the

buddle A boy with a broom keeps the to), olthc sediment smooth,

so as to ensure regularity of action After a thick deposit has

accumulated, it is dug out in sc'ctions which decrease in richness

from the upper end {tuad) to the lower eni{lail)

Hound bufldles, like rotating frames, are oT two kinds convex and

concave. The convex round huddle (figs. 103 ' and 104) is a circular

pit witli a truncated cone, or head, of varying size in the centre, and

a bottom sloping towards the circumference. The orey stream A
falling over thil head runs down gently, depositing the heaviest

particles near the top, the ligliter ones further down, whilst the

"Hlenry T Ferguson, "On the Mechanical Appliances Used for

Dressing Tin and Copper Ores in Cornwall," Proc. Inst. Mech. Bug.,

.\87S pi. 41.

Fig. 104.

The concave buddle is a circular pit with the bottom sloping to-

wards the centre. The stream of ore is fed all round the cncur|-

ference and runs inwards to the middle, where the lightest particks

escape' The rich head is of course near the circumference.

The keeve is a large tub in which the fine stuS' is stirred with Keevfe

water and then is Illowed to settle from a state of suspension

wh le blows are being struck on the side of the tub.
.
The aeposit

is afterwards scraped out in layers which increase in richness a-«

they approach the bottom.

The series of processes employed in dressing an ore varies Dressing

not only according to the nature of the particular mineral diflBreai

to be concentrated, but also according to the size of its <>"»•

particles and the nature of the other minerals with which

it is associated.
. ii , j u

With gold the reduction in size is .usually efiected by Gold

stone-breakers and stamps, and much of the metal is then

caught by mercury ; what escapes is concentrated with its

accompanying pyrites by inclined tables covered with

blankets, or by buddies, and the concentrate is treated by

amalgamation or chlorination. See Gold vol. x. p. 74b.

In the case of silver the ore is frequently pulverized by Silver,

stamps, and the resulting pulp amalgamated in pans or

barrels. The ore may also be concentrated by any of the

various machines described, and deUvered to the smelter.

Many of the ores of silver are sent to the smelting works

without any concentration bv water, as this would cause a

'iTd'ore is generaUy crushed by roUs, often after a pre

liminary reduction in size by the stone-breaker. The

crushed ore is classified by revolving screens do^ *<>/?«

size of 1 mm., and the resulting grains concentrated by

jWing; rfrerfA or grains of ore and matrix, must U
ie'crush^d, Bizfd and jigged. The finer sizes are c assified

by pyramidal boxes and concentrated by frames, rotating

tables, and buddies. j „.„ . „„j ~o

Zinc ore is dressed in the same way as lead ore
;
and,.as

galena and zinc-blende are frequently intimately assoaa^d

together, it is necessary to separate them by the use of tl.e

jig, buddle, and frame.

1(5-1 S



466 MINING
"nn-besring rock is crusLeJ by the stone-breaker and

then btAmix-J fineL The r. suiting s>and and slime may be

eonfeotra'cd by the re; c^it - '. u^t? of the round buddle, with

the keeve for a final but often the sand only is

enriched by the bu .
' the very finest particles,

constituting an-almc •.lad (slim() when mixed

with water, ar« trc,-- . .
•-*. When much pyrites

is present it is necessary to make a preliminary concentra-

tion and roast the enriched product (iritts) in a furnace.

The calcination converts the heavy iron and arsenical

pjTites into a light oxide which can be got rid of vpth the

rest of the waste by huddling and framing. The final

product from the keeve is clean enough to approach pure

cassiterite in the percentage of metal Alluvial tin ore is

concentrated in s/uuv-&ar«, and sometimes by jiggers, after

4 preliminary treatment in a puddling-niachine (Gold,

vol s. p. 745) if there are balls of clay which have to be

broken up. When the alluvial ore occurs as a hard con-

glomerate {cement), it has to be stamped.

>>pper Copper ores are treated by crushing by rolls and some-

times stamps, sizing by trommels, and then jigging and

huddling ; but, as some of the ores are very friable and

easily carried away by water, hand-picking' is employed

to a greater extent than with lead and tin ore, and the

enrichment by water is not carried so far on account

of the inevitable loss that would ensue. The amount
of concentration depends upon the distance from the

smelting works, and the mine-owner has to calculate

whether it is best to get a low price for a large quantity

of ore, after paying the carriage, or a higher price for

a smaJIer lot (parcel) when due allowance has been

made for the cost of dressing and loss sustained in that

process. Thus, for instance, in Cornwall, the ore containing

copper pyrites is dressed so as to contain only from 5 to 8

or 9 per cent, of metal, because it can easily be conveyed

to Swansea by sea, and because further reduction in bulk

would cause greater loss in \alue than the saving of freight.

t.o-4 .a The loss in dressing is very considerable. P. von
i'«uiDg. Rittinger estimates it at from 30 to 50 per cent., and

stubborn facts bear out his conclusions. Heaps of refuse

from dressing floors are frequently worked over again with

profit; and in the year 1881 no less than S09 tons of
" black tin " {i.e., concentrated tin ore fit for the smelter),

worth jE35,283, were extracted from the muddy water

allowed to flow away from the dressing floors of some of

the principal Cornish tin mines.

The fall in air has beeu employed instead of the fell in water for

concentrating purposes, and several ingenioos air-jigs have been
constructed and worked npon this principle,

oepara- I" exceptional cases magnetic attraction may be utilized. Mag-
don by netic iron can be separated in this way, and the magnetic process is

magnet- applied for treating mixed blende and chalybfte, the specific gravities

tan. of wluch are too close to render ooncentration by water practicable.

The mixed ore is calcined, and the chalybite is thus converted into
magnetic iron, which can be titracted by a magnetic separator,
leaving saleable blende.

Before concluding this part of the subject we will briefly

enumerate the principal improvements that have been
made in metal-mining during the last quarter of a century.
They are as follows :—diamond-drill for prospecting

;

machine drills Jor driving, sinking, and stoping; use of
compressed air for winding underground ; stronger explo-
sives, especially the nitro-glycerin, compounds dynamite
and blasting gelatin; increased use of steel for various
purposes; Blake's stone-breaker and continuous jiggers;
extended application of hydraulic mining ; larger employ-
ment of electricity both for blasting purposes and for

signalling by telegraph and telephone. It may be reason-
ably hoped that ere long electricity wiU render increased
services to the miner for lighting the workings and for the
^xansmisgion of power.

[LE0ISLA.TI0R.

14. Recent Legislation affecting Mines in the United King-

dom.^—In England the person owning the surface of a free-

hold is prima facie entitled to all the minerals underneath,

excepting in tie case of mines of gold and silver, which be-

long to the crown. The crown, ho(vever, doa" not claim

gold and silver extracted from the ores of the baser metals.

The ownership of the minerals can be, and often is, severed

from that of the surface, the latter being sold whilst the

mineral rights are reserved by the original owner. Local

customs, now regulated by Acts of Parliament, are still in

force in Derbyshire (High Peak Mining Customs and
Mineral Courts Act, 1851, 14 & 15 Vict. c. 94, and the

Derbyshire Mining Customs and Mineral Courts Act, 1852,

15 & 16 Vict, c, 43) and in the Forest of Dean (1 & 2

Vict. c. 43, and 24 & 25 Vict. c.'40). The Stannaries

Act (32 & 33 Vict. c. 19) regulates the commercial dealings

of mining companies in Cornwall and Devon, and provides

for their liquidation.

The working of mines in the United Kingdom is con-

trolled by five Acts of Parliament, viz., "The Coal Mines
Regulation Act, 1872" (35 & 36 Vict. c. 76), "The
Metalliferous Mines Regulation Acts, 1872 and 1877 " (35
& 36 Vict. c. 77, and 38 i 39 Vict c. 39), " The Stratified

Ironstone Mines (Gunpowder) Act, 1881 " (44 & 45 Vict,

c. 26), and "The Slate Mines (Gunpowder) Act, 1882"

(45 Vict. c. 3). The last three Acts simply refer to the

annual returns, and exemptions from certain restrictions

concerning *he use of gunpowder.

The Coal Mines Regulation Act applies to mines of coal, stratified

ironstone, shale, and fire-clay. The Metalliferous Mines Kegulation
Act applies to all mines not included under the Coal Mines Act,
and tnerefore controls not only workings for lead, tin, copper, and
iron, commonly known as mines, but also the salt-mines, and under-
ground quarries worked for stone, slate, or other earthy minerals.

The principal provisions of the Coal Mines Regulation Act have
been set forth at vol. vl p. 78 ; those of the Metalliferous Mines
Regulation Act are similar, but less strict owing to the als".ost

complete absence of fire-damp. One important difference is that
the manager of a mine under the Metalliferous Act need not hold
any certificate of competency or service.

Other Acts of Parliament are the "F:iplosivej Act, 1875" (S3
Vict c 17), regulating the manner in ivhich explosives are stored;
the "Elementary Education Aete, 1876 and 1880" (38 k 39 Tict
c 79, and 43 & 44 Tict c. 2iJ), regulating the employment of
children; the "Factory and Workshop Act, 1878" (41 Vict c. 15),
which applies to the dressing iloors of mines under the Metalliferous
Mines Regulation Act
The statute of Elizabeth (43 Eliz. c 2) which was passed for

raising money for the relief of the poor mentions coal mines,
but omits other mines; these have been made subject to poor-

rates by " The Rating Act, 1874 " (37 & 33 Vict c. 54). The
"Employers' Liability Act, 1880" (43 k 44 Vict c. 42), extends
and regulates the liability of employers to make compensation for

personal injuries suffered by workmen in their service. Finally,

if, as sometimes happens, works are put up at a mine for roasting

copper ores with common salt in order to extract the metal by the
wet way, the provisions of the "Alkali, &c., Works Regulation

Act, 1881 " (44 k 45 Vict c 37), must be attended to.

It is thus very evident that the laws affecting mines Lave received

most important additions during the last few years.

15. Accidents in Mines.—Mining is one of the occui'-a- Accid<

tions that may decidedly be called hazardous. This ft :t

has been thoroughly impressed upon the public mind by
explosions of fire-damp in collieries ; but, though accidents

of this kind are appalling, owing to the number of victims

who perish at one time, fire-damp is by no means the worst

enemy with which the miner has to contend. Fal's of

roof and sides both in collieries and metal mines are far

more fatal in their results. With the risks attending

the collier's calling we need not deal, as statistics upon

' For information concerning the laws relating to mines in the United
Kingdom, see W. Bainbridge, A Treatise on the Law of Mines and
Minerals, 1878, and Arundel Rogers, The Lata relating to Mines,
Minerals, and Quarries in Great Britain and Ireland, ttHh a Sum-
mary of the Laws of Foreign Slates, 1876.
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this subject have been already given (see Coal, vol. vL

p. 79) ; but the figures below relating to metalliferous

mines prove that the occupation of tte rr.%-.a.I cih:er ::.

very little less dangerous.
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The qu«ntjtie» of metal produced in France from native and

foreign ores in 1880' wi

Pig Inn. 1,725.000 meme torn.

Uti. 6.500 „
Copp«r. 3,400 M p
Ztaic. 16,200 „ ,

Klckel. 80 metric tons.

Gold 31 kilogrammes
Sllvr 40.400 „
Aluminium 1,150 „

Ofrmany.—The mining industry of the German empire is of

high importance. The ontpiit of the mines in 1881 is shown by

the foUowing table,—taken from the Stal. Jahrb. fur das Deutsche

Reich, Berlin, 1883, p. 27. The production of common salt,

potassium chloride, and other salts from bnne is also considerable.

The total quantity for the German empire in 1881 wa.o 693,000

metric tone, worth 33,667,000 marks, including 113,200 tons of

potassium chloride valued at 14,090,000 marks.
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exceUent red and brown hxmatite from the BUbao mines Murcia

comes next in importance to Biscay, witli a producUon ot 539,328

^°^^ugal.-The great mineral beltofHuelva extendi into Portugal

and deposits of cupreous pyrites almost identical Z^t'' t^at of

Rio Tinto have been wrought from very early ages. The principal

m^^e San Domingos, is elole to the Spanish frontier It is estimated

She workiogl had yielded up to the Y^^" 18" no less than

3 678,745 English tons of cupreous pyrites, by far the greater part

of tWa having been extracted in recent times. The quantity ot ore

raised from the mine in 1882 waa 405,029 tons.

Portugal possesses notable manganese mines, but produces com-

parativeTy small quantities of iron, lead, and copper.

i\^oru.4.-The mines at Kongsberg are famous for the large

quSies of native silver they Produce and enormous mas^s are

sometimes met with. The annual output is from 10,000 to 12 000

troy ounces. Copper ore and cupreous pyrites are ^1f
"uned m

Norway, and there are important workings for nickel and cobalt

and for apatite. Alluvial gravels have been washed for gold in

""Sri^h: most important mineral obtained in Sweden is

iron ore much being in the form of magnetite ; red hsmatite also

mined,^d brown hematite is dredged up from some of the la^es.

The principal iron-producing districts are t^ose of Norberg, Danne-

mora! Nora, and Perseberg.^ The output of the Swedish mines m
^^^"^ ^^'-

zme o«. «,«? tons.
l-on ore

Lead ore

,.^ 775,206 tons.

12,988 Copper ore 29,380
UU UIO »— .— "I ,. . cr

Oreece -One of the most interesting undertakings of modem

flmes has been the re-working of the laurium mines, wliich are

situated in the southern extremity ofAttica ; and an account of them

written by -Cordelia furnishes many curious details concerning the

methods of mining, washing, and smelting employed by the ancients.

The workings fo? lead and silver ap{.ear to havebeeii earned on

with the greatest vigour between 600 B.C. and the Peloponnesian

War, and^ere finaUy abandoned in the 1st century of the Christian

era. Huge piles of slag which had accumulated from the old

smelting wor'ks were found to be well worth being re-worked for

sdver and lead, and operations were commenced in 1864. iiva

rears later the old heaps of mine refuse began to be treated, and at

last in 1875 a French company resumed working the mine. A
Greek company employing some 3000 persons is now prottucing

annuallyTrom^the o\i mine heaps no less than 8000 to 9000 tons

of pig lead, yielding 45 oz. of silver to the ton, whilst the mutes of

ths Compagnie/ran<;aise des mints dv. Laurium made an output in

1881 of 36,664 tons (metric) of roasted calamine, with 40 to 60 per

cent, of zinc, in addition to lead ore and mixed ores. Cordelia cal-

culates that during the three hundred years the Laurmm mines were

worked by the ancients the total amount of lead produced was

2 100 000 tons, with 22i raiUiou troy ft of silver. Besides this the

ancients left behind two million tons of lead slags containing on an

average 1067 per cent- of lead, 109 million tons of m-ne refuse

with 14 to 18 per cent, of lead, and excavations to the extent of 51

million cubic yards with lead ore still in sight. They did not

touch the calamine deposits.' Next in importance to lead silver

and zinc comes bay-salt, and after that emery. The island of

Naxos furnished 3300 metric tons of emery in 1877, valued at

^28 000
^r«<i.—Algeria is ricl\, in iron, and three-fourths of the value

of its total mineral output are due to ores of this metal In
|

1880 the iron mines produced 614,000 metric tons of ore, Mokta-
i

el-hadid mine, near Bona, alone yielding about 300,000 tons.

Algeria also possesses mines ot copper, lead, zmc, and antimony.

The name " Gold Coast " applied to part of the shores of Africa,
]

denotes its productiveness ofthe precious metal, and it is probable

that very important supplies of gold will one day be derived from

various districts of the Dark Continent.

Cape Colony possesses rich copper mines m the Naniaqualand

division, which in 1882 produced ore and metal worth i,.iil,54b;

however, the most valuable and remarkable mineral deposits of

Africa at the present time are the diamond mines. Ihe nrst

(Uamonds were obtained from recent gravel in the bed of the \aal

river and it was afterwards discovered that the precious stones

could be obtained from the so-called dry diggings. The most im

portant of these, the Colesberg Kopje, now known as the Kimljerley

mine, produced in 1881 diamonds weighing 900,000 carats, worth

£1 575 000. Three other neighbouring mines are Old De Beers,

which yielded 300,000 carats in 1881, worth £600,000, Du Toit a

Pan and Bulfontein. The value of the diamonds raised m South

Africa since 1870 amouiri:s to forty millions sterling ;= indeed the

Kimberley mine alone was estimated in 1877 to have already pro-

duced ten million pounds worth of diamonds, extracted from 4

million tons of diamantiferons rock.

I A. Cordelia, " Jlineraloelsch-Reologlscne Relseskijzen aus GrlcchenlanU,"

B^g- und hatlmmanmsrhe Zeilun}. vol. xlll.. 1883. P- 21. -j,..„ ..

A- J. Macdonald. "Tba Value of the Cape as a Dependency of Great Britain.

Tlu Timu. 3d tUy 1883-

Asia—Voi many centuries India was regarded fts possessing

fabulous minerTwealth, and a strong basis for this idea may be

ound ^ t^e existence of traces of mining on a very extensive scale

No doubt in early days India did supply what then appeared to be

very large^uantftiesof metals, and a country that produces god

InS^precTou^s stones is apt to be endowed by '^^VOV^l^'^^'^^^lf^
boundless riches. The actual amounts o mneral ra^s d in India

Rt the iire»ent dav are comparatively small. Gold exists over con

dlr b? areasfb'ut it remains to b^ proved that the goU mines o,

the Wynaad and Mysore can be profitably ^"'^^'i .^J
?V''t^°™

paniesf Diamonds occur and are worked in f'luvial diggings

Ld in a 'conglomerate belonging to the Vindhyan fomal on

Sapphires and rubies are obtained from Upper Burmah Ceylon

proXced in 1880 no less than 10,286 tons of graphite "^ l;l"'?''ago.

valued at £192,879. Petroleum is abundant in Upper Burmah, and

oillrl wells 'has been uttlUed for upwards of twenty cen tunes

The total output in 1873 was estima,ted to be about 10,000 on,

yearly. Tm ore occurs and is worked in Tenasserim- Passing into

Siam and the Malay Peninsula we find deposits of alluvial tm ore

producing what is known in commerce as Straits tin. A I't^e i°

[he east are the islands of Banca and Billitou, which for many years

have been a source of wealth to the Dutch Government jlie sa'es

of Banca tin in 1881 amounted to 4339 tons, and those of BiUiton tin

to 4735 tons, whilst 11,475 tons of Straits tm were exported fiom

Penang and Singapore.'' Stanniferous alluvia are also woi-ked in

Karimon, Singkep, and Sumatra, whilst the latter island possesses

also valuable seams of coaL • v . „„ j

Borneo furnishes coal, antimony ore, and some cinnabar, and

river-gravels are washed for diamonds, gold, and platinum.

There is no doubt that the mineral wealth of China is enonnous.

In addition to important coal-fields it possesses nnmerous metallic

mines. The province of Yunnan in the south of the empire seems

to be specially favoured with regard to metalliferous wea th for

mines o? gold, silver, copper, lead, tin, and iron are worked there,

whilst jade and precious stones are found in the beds of "vers

Japan produces more than 3000 tons of copper yearly, or about as

much as the British Isles. The output of lead and tin is insignifi-

cant but the quantity ot silver, exceeding 300,000 oz. yearly, is

worthy of noticJ: Gold, iron, and petroleum are other products of

'^^^'h"' gold of Siberia has been mentioned in speaking of Russia

Canida -The Dominion of Canada is rich m minerals. Gold-

bearing quartz veins are worked in Nova Scotia, whilst m British

CoSia alluvial deposits are the main source of the supply.

SilveTo curs rLake Superior, the most important mine being hat

of SUver ?sTet, which frJm 1869 to the spring of 1877 yielded 2*

million ounces of silver, and gave a Profit of £200,000

Rocks resembUng the copper-bearmg strata o the United Stotes

territory are mined in Micttpoten island in Lake Superior. I on

ores in the form of magnetite, red hiemat.te. limonite, andilmenite,

^rr^^u'risTrefi^r'oS wetin .VWern Ontario and the

quantity refined in 1875 was about 210,000 barrels each of
4^

gallons, It is in Ontario also that the veins of apatite exist trom

fh cS ; large amount of that useful mineral ba^ been raised

United States—Th^ mineral wealth of tbe U"''f, jf'JA^^'
admirably summed up by Mr Richai;d P. Eothwell in his address,

to the American Institute of Mining Engineers.

•Production of Coal, Metal, and Petroleum in UU^
A„.v™.n» . 30-261,940 tons (of 2240 ft).
Anthracite •

,„( jqoo ft).
Bituroln.us coal

1 144 OOO . (of 2240 ft)

[^r° :::-::::".::::;::r.:::: -Xm.m :

«"f"" S3l.870,000 (=1.541.711 oz-).

°°'l filsOTb.OOOHMSGS.SeOoz).

letroieum'.'.'.".'.'."'r.'.'.V.'.'.'.'.".V.'.V.
27,204,000 barrals (of 42 gallons).

.. Tha statlKtlca of other nseful minerals and
'V<'';l»'l^^:;;,,'?„"°">,,'rMn 'S

advance during the past thWy years The
PJ-"''"'"",^''

^
f ^'j^os 000 Ions.

Te°^ ^yirX ,'n°r8sl"weprr.rcrdr?e"7ba'n 4,144.000 Ions, an Increase In

until the construction of •^H'"'"'?.'""'
''"t.J.h a;^d moTe recently Colo. ado. with

i!rs,?^xras.»,^^«S5riiir--' "" "" "

^':??:;t1s^^;rfx,S=^ooo .. in 1.^^
tons in 1681,-the enonnous output of that unlYiuun,

,^„„ „,„„.
steadying the production »"'!, P'J ."Xto^ns one mo?e w radc coml-lnatlons .

I.an

.o';?e"'ct^'iu;i'srrimis?rjiir.h;^o:^^

Kingdom i„ each year from 1800 to 1S80, hoaion. ISSA p.

-1 Hunt, Min. Slal. for 1881 p. 9. ^.
5 Ergtneertng a«d inning Journal,

'f'-J'^. ;; f ^,.,', u, iSRo nmonnted to

6 The total production of coal In the t " ^ ' ^''''^^j"
Tl,e quantities of

86,862,614 tonsSf 2240 ft iColHer, »f
''';°"

'"niB Iron 4 6i1,323 gro=s tons of

I n,;ials produced In 1882 are "<hhat=„^ «"
•'Vo^^^^
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almost un,f.„ , ncreuJ t .»in°"l«t «lr .hS
^""^ '""" ^*'^'''*' ""• '""«"

mft^U^J''.'K''''TT*
statistics concerning the production of the preciousmetaJs in the United States are contained in a report issuerby ?ho

Gold. ' '^i^^ :^^

MINING [mineral produce of

Deep mines..
Pliicers.

Ooncea.
( Value. Ounce* ViUuo.

I

^" '°'°<"- 1.614,741 33,379.663 31,797,474

31,717,297

80,177

Value.

$41,007,296 $62,381448
103,661 12,109,172

41,110,957 74,490,620

«l»'249l7^?^r''"M","° i'",«
P'^'""' ^"'"e is Colorado viz

fn^i • '
' S'J''^ ^"'^^" <>=:• "Id silver 12,800 119 oz- olli'fomia comes next, having produced ^is -xm soa fu'n

oz-
,

taJi-

Nevada, with S17,318.909'^7bulirpl ' ^

^°^'''^°''' "'"^*''^"

CaWo'rnrattfhrsl^^slTflMlJ^f^'^'f "'^.'T^^

from plac'er,. Next foUowsIjfvai w t^^Se ZT'""^ '"''1,''^^

mto"o^ :^rid
''^ 7°*- -- f-m^Ucef^ine ° he^n Bakota"'

less than 5000 oz
"".ou/ oz., with a placer production of

Coal (vol. vi p 60) an^Pm n f >
^^^ Superior. The articles

for mformaHon^'concernW th^
^^°'- ''• P" ^^.^^ "^^ ''^ "^''"ed to

the method of extracting foHW^"?""',^ °^*''^^° °>i"<=rals and
stamping machine^ ^ ^ ^ ^^ hydraulic minins and improved

eonHSw?Uund:n:™n c" llJo^nf
""7 -i"""^^" occurs in

:onne.xionwithscr7ntne
eit r[nthetl°''r''

"^ ", ^^ f<">nd in
8tone near its junction w?th serine T?^Z°J

-"'''^f '" ^^"''
are those of New Almaden in th„ =„%>,

"°^' "nportant mines
San Jose. The deport at sijnhnr R,nl ""r •J'^V.^f "^^ ^tate near
geolorical interest'^ tconsi^U of n.hV»

^='^'\County is of much
cmnaLr in a decomposed andelit^c Uvn ', '''Y'"' ^JT^""' """l
from which boiling Tate? '^u '^s'''""^ "^V" "^?""=' ^^^^-^^

a7j^^ird:?riv:!£-F^^^

"^i/^?e^rlHS:^?T?^^^^^^^^^
and wcfl-known report of Mr in J" ""P'^Lf™'" 'he excellent
north and south, a"^ the dfp about If"?;*/''' 1"^' '' "^^^'7
matter of the Comsto"k coLtft If

to the east. "The vein
country rock, clav and quartz ' °n'T^^^ "-'"^ decon.posed
lomstock had yielded ,^, V..' "P, *" January 1, 1880, the
«r bullion. Vo„tal'n"^hV'w'''''°"' 5325.000 000 ^'orth
250 miles. Th7nJmber o?°men ln^"%''"1 6""^"" " "^out
1880 was 2800, oarnin" nvo?,? ""'I''°y''J 'j? »''« mines in January
date 340 men were at work fthe^fn,°[

^^ \^'^'- ^' "'« ^""^^
heat of the Comstock lode !< r„I \ f,"'8''^''""g

mills. "= The
of the Yellow J^a^L^t mVn' j/r BcTk^rt "nd t'^h" J''°

''°° '''' '"^'
water to be 163*, that of the air m» , i -i . 1 " ''"nP^ature of the
Jacket shaftat a d.pth o 3065 i„f

'/'"l^t'l'e water in the Yellow
.

""-ptn or J065 feet has a temperature of 170° Fahr *

Daring the last lew years the Comstock lode has been faUing oBm proauctiyeness. In 1876 the total yield of the Corns ocklnS!was $38,672,984 (gold, 518,002,906; silver, 820,670,078) Duin»
CnlTlV:" r'^^'l^.^^'y

31, 1880, the product of the wholf
«•, Too i^«^'>"''' iri"'''"« °"*'J'"? "i°=' ^-^^ ?6, 922,330 (cold

t 'io-oV
'
"'''!' 8.3-813,174), showing a decline of «31.060.654or 82-06 per cent., since 1876."

vui,uuu,oa».

Though the extraction of sUver from its ores maybe regardedas the business of the metallurgist rather than of the mi^fr „.
Tnl m\1°%-' tr'°"°? '^"^

'' " "> «" necessities ofThTt^eat!mcnt of the iNevada ores that we owe the system of pan amalJam«tion first developed in that State and practised sinceCclrfrAnother district in Nevada which cannot be pissed over insilence is that which contains theEureka and RichniondmUes whichare celebrated, not only for the silver they have produced burJifor the important trial in which the issue hingeHpon the de^nf
Enrek-l H-%''T7''° "' ^°^^ <P- "")• '^^' buBionTpduc^d i^ the"Eureka district from ore raised and treated during the cemnrl.n^ended May 31, 1880, was-gold, 62,893 02.: and silver 2 0^7^oz.; worth altogether 83,934,621 i^

"" suver, ^,0d7,666

The history of Leadville in Colorado seems like a rnm»n„o „v

admirably summed UD bv Mr .«! T? Vmn,„.,, t \ ^""'^ ®™

iun?tLnn^e^'o7Sy wV^v?kTue"iirt°° " z r' *^=

lowest member of th^e Ca?boni?erous f^r^atioT Thi^b^.'^
\'^'

limestone. This porphvrv ifof q»^./J
^^ overlying the Blue

I geneous-lookin/ rCt'c7mpo1ed"oTt"ar?f^
=nd 'feLt^'^f'"™"

with the porohvrv the hmf^tn,.!/^^ \ -^'""S tie plane of contact
of gradual r?SmentTnfn .''''' '°''^°''"'''^' ^7 a process

through t In Carbonate mi r' "^ '\'^ Percolated downwafds
from dolomite into earthy Li, i^.'.f^'''.P''''Se ^ay be observed
of workable or are ex eZv rrel!?°

^^'l "^'^ng^^ese. The masses
tion. They are often SO ?ii?^ J !!^'^^ "" ^^"P^- ^'^«. "^ distiibu-

value of 813,032 464 »
8,853.946 oz. of silver, of a total

onl\rruVel^HZVe™tSrLt'er/tr United States are tnose
masses, or scattered morn nr if r'^'

?""" '" ^eins, in large
are either amy"dal'oidr crngtL"" ^^ ir"hrp"° '1' "''''''

producng districts are in M.vi, i
,"e Pnncipal copper-

trict, in fiougl foncom y con afns°ih:';"'' '\^'r"^' Lake dis-

mine, which "alone proSdTs 837 tnn r™°"'
^'''"'°^' ^'"d "ecla

half the entire outnnt of ,!.» n, -J^ c*^
™''''''' '" '880, or about

whence this v^t amnnnf nf
U"""' ^'"'^s. The deposit from

filomerate gen^raircTed a yer7"'"'''^'r'^ '^ ^ ^"^ "' =«"
It l,n= l,.^'' ...... 7 ^""ed a vein, dipping about 38" nn>t),.,v.<,f

l"dl"T)r. A,l.,"l^'o ,r
^^"'orallon <y ,/l, forlM^'^Parall,,. vol. UL. Mining

.„„ .ooi. amount 01 copper w.i< ohf

te:;,f:S:!f ^fjlil^A^i^ aboutls^ no.h.west.
1875 the stuff stamped v eldoT \ per cent of

"" *"" "'''"'• ^^

industTyT Te"uirLr°' ^V^^^^"^^ ^^^ -'ning
the world, nTVo^r3^lr'''''K^^ "'='' "'"''"y "ther country if

^.!!!-::ltha^^ at .O^m^U

4f^'"".,%i,,nS:;;;:t88t
^19'^'°'"''°" -^ "- ^«'»i;ri;^;^r;7^

" op. cit., p. 21.
**
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tho third rank, followed by France and Russia. The United States

produce 33 per cent.' of the gold yield of the whole world, 50 per

cent, of the silver, 22 per cent, of the pig iron,' 29 per cent of the

steel, and about 25 per cent, of the lead.

Mexico has been renowned for its gold and silver mines ever since

the Spaniards first took possession of it, and its production is still

very considerable. Indeed, after the United States, it still producea

for more silver than any other country ia the world. The average

annual output of silver during the twenty-five years 1851 to 1875

is estimated ly Dr Adolf Soetbeer at 601,520 kilogrammes, or

16,124,235 oz. ;' whilst the average annual output of gold during

the same period was 1785 kilogrammes, or 57,389 oz. Tin ore

occurs in considerable quantities in Mexico, and is likely to be

worked on a large scale as soon as the tin district is opened np by
a railway.

Central America possesses numerous gold mines
South America.—Veneziiela produces gold, copper, and a little

lead. The copp«r is found at Aroa near the north coast, and the

gold in tho province of Guiana, which is now producing upwards of

100,000 oz. annually. It is highlj probable that the existence of

this gold was known to the Indians, who reported it to Sir Walter
Raleigh, and so led him to undertake his unfortunate expedition in

search of " El Dorado " French Guiana contains workable deposits

of gold, and yitlded 72,168 oz. in 1880.

The chain of the Andes forms a long belt of mineral-producing

country. Beginning with the United States of Colombia we have

a country rich in gold,—the State of Antiquoia being especially

favoured in this respect. The annual yield of all the states is about
200,000 oz. Colombia has mines of rock salt, yielding 19,000 tons

a year, and the emerald minB at lluzo has long been famous. Peru
is renowned for its silver mines ; the bwt-known ore those of Cerro

de Pasco, situated at an elevation of 14,000 feet above the sea-level.

Pnssing into Bolivia, we must notice the silver mines of Potosi,

the wealth of which is proverbial. Chili is best known as the

nriicipal copper-producing country of South America ; bat its silver

mines are not unimportant, and beds of nitrate of soda are largely

wrought.

The most remarkable gold mines of Brazil lie in the province of

Minas Geraes, whilst diamonds are obtained in that of Matto
Grosso. In the Argentine Republic gold, silver, and copper mines
are worked, especially in the provinces on the eastern flanks of the

Andes.
The total annual output of the precious metal in South America

is estimated to be upwards of 300,000 oz. of gold, and 2,000,000 oz.

of silver. In 1877 Chili exported 35,128 metric tons of metallic

copper, in addition to ore and regulus.

Australia.—Australia is remarkably rich in minerals, especially

gold (see Gold, vol. x. p. 744), tin, and copper, and its coal deoosits

are likely to be largely utilized in the future.

Queensland, though a young colony, has already made itself

famous for gold and tin, and it also possesses vast resources of coal

and copper, in addition to the ores of other metals. 'The quantity

of gold sent by escort from the^different gold fields was 204,388 oz.

in 1880, in addition to what was carried by private hands. Tin ore

was first worked in 1872 near the border of the colony with New
South Wales, and lar"e quantities of stream tin have been obtained

from very shallow alluvial diggings near Stauthorpe. Like gold,

the tin ore is not coafined to one district ; it occurs and is worked
at the North Palmer diggings , a little to the south is Great
Western, rich in tin ore, and so is Herberton to tho north-east on
the other side of the Dividing range.

In 1881 New South Wales* produced minerals and metals worth
£2,373,191, viz., 149,627 oz. of gold, 1,776,224 tons of coal, 8200
tons of tin, 5493 tons of copper, 6560 tons of iron, besides sUver,

oil-shale, and antimony. In addition to the facts .concerning the
occurrence of gold already mentioned [loc. cil.), it is interesting to

note that auriferous conglomerates containing the precious metal in

payable quantities have been discovered and worked in this colony

in rocks of the age of the Coal Measures." The most important tin

district is that of Vegetable Creek in New England, which from

1872 tp 1880 produced 20,988 tons of tin ore. The accomparyicg
map (fig. 105') shows the recent 'l<vium which has hitherto been

Mil;:—

1

T 'O I 2 Mile*.

Fia. 105.—Sketch Map of Part of Vegetable Creek, New South Wales,

shpwing recent and ancient tin deposits. The stippled part re-

presents tin-bearing alluvium. The shaded part AB denotes

basalt which has covered the lower portions of the ancient tin-

bearing alluvia (deep leads), as explained in fig. 106. The rest is

granite.

the main source of the supply, and the deep leads which, as far as

explored at present, promise still greater riches. The section (fig.

106») shows that these deep leads, like those of the gold fields

Lead,
abODl 60 ft. deepk

not rich.

Deep Lead,
about 150 ft. deep,
tin wash from 2 ft.

to 15 fr. thick.

Lead,
about 60 ft. deep,
and very rich.

Fia. 106.—Enlarged Section (on AB of tig. 105) across Deep Leads in Vegetable Creek, New South Wales.

(Gold, vol. x. p. 743), are old alluvia preserved under a capping of
basaltic lava. There are also nnmerous tin lodes which are begin-
ning to be worked.

Victoria heads the list of gold-producing British colonies, having
yielded in 1882' as much as 864,610 oz., of which 352,078 oz. were
derived ficm alluvial deposits, and 512,532 oz. from quartz mines.
1077 tons of tin ore were raised and 375 tons of antimony ore.
South Australia is the great copper-producing province, though

the yield is not so great as it was ten years ago. The principal

• Clarence Kinff, op. cit.. p. 93.
' James M. Swank. .Slalisdcs of the Irtm and Steel ProducUoM Qfthi CnUed

Statu, Washington, 1881. p. 179.
» Dr Adolf Soetbeer, Edelvutall-Pndtiktioji, Gotha, 1879, p. 60.
< A''ntjal Report of the Department of Sinei, Xea South Waltt.fbr the tear

1881, Melbourne, 1882. p. 8.
-..»»,

5 Annual Report of the Department of iline$, Nea South Watet, for the tear
1876, Sydney, 1877, p. 173.

« Furnished by Mr VV. H. Wesley.
7 Mina-al StaiUtUi of Victoria for the year 1882, Melbourne, 188.3, p. 7.

mines now at work are on Yorke's Peninsula. In 1881' Soath
Australia produced 3824 tons of copper, worth £263,370. and 21,638

tons of copper ore, worth £154,926.
In 1881 Western Australia exported 1400 tons of lead ore, valued

at £11,204.
I Tasmania, like some parts of Australia, is ricn in tin ore, which

is now obtained principally from an alluvial deposit at Mount
Bischoff. The ore is now almost entirely smelted in the colony, and

1
in 1880 the exports were 3961 tons of metal and 3 tons of ore, wortb'

I
altogether £341,736.
Hew Zealand furnishes a considerable amount of gold from quarU

reefs and alluvial diggings. The annual exports during the ten

years 1862 to 1872 were often 600,000 and even 700,000 oz. Of lat«

years the yield has gradually dimriiished, and in 1880 only 303,216

oz., valued at £1,220, 263, were exported. Silver is exported to th«

< SlattsHeal Rejisler of the Procinct of South Auilralir, for the fear 1381,

Adelaide, 18S2.
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extent of 20,000 to 80,000 oz. annually ; it is mainly denved from

the gold obtained iu the Thames district, which contains about SO

per cent, of the less valuable metal Coal is worked in several

places, but the total output is at present comparatively small.

A'eio Caledonia.—The discovery of nickel ore in this island by

M. Gamier in 1867 was one of great mineralogical interest, and it

has since borne fruits of considerable commercial importance. The
New Caledonia ores are hydrous silicates of nickel and magnesium,

which occur in veins in scrrK'ntine, and contain from 7 to 18 per

eent of metal. The mineral is found on the Hont d'Or not far

from Noumea Most of the ore is sent to franco to be treated

To th« ll«t of work! on mlnmii Tnenooned In the arlldo Coal (toI. vl p. 81)

tho follo«mB m«y be added :—Collon, Court (Ttrp'ollalion det tlinn, Paris.

1874, and EnclJsh trmnslotlon by C. Le Ncvc Foster and W. Calloway ; Scrlo,

Ltll/aden lur Btisbaututidt, Berlin. 1878; Zoppclll, Arle mtnerana, Milan,

188i • A. TOn Oroddeck, Die Lthrt ton den Lagerilitlm drr Erie. I.elpslc. 1879 ;

P TOD Rllllnger, UhrbMh der AKfterellutigitunde, Berlin, 1667 ; Jala-buth filr

d'ai Berg- find Hiillenxeien Im KinlgreUhe Sae/iiea. FielberK, annunlly; Anneal

Rrvorii of JIM. Ivpntoig of Mints; PreHmlnary Report of Htr ilajeiln't

Cmimlttloniri Appointed to liKiuIre Into AaideiiU In Mmes, London, IBSlj

Aiaalrt dtt Ulnei, Paris, 6 parts ])UbUslied yearly ; T/ie Bngineerlng and Mining

Journal New York, published weekly, Tronsaclions of Ike Amcntan Jnililuleof

Mining Englneeri.TtiilltiSelfMn ; Die berf und ItUlletimHimlsche Zcilung, LeJpslc,

weekly OeilerreiehlKtf ZeilKhiift fur Berg- und Uutlimicesm, Vienna,

weekly (C. L. N. F.)

MINISTRY. Ever since tho introduction of vnonarducal

institutions into England tho sovereign has always been

Btirrounded by a select body of confidential advisers to

assist the cro»-n in tho government of the country. At

no period could a king of England act, according to law,

without advice in tho public concerns of the kingdom

;

the institution of the crown of England and the insti-

tution of the privy council are coeval. At the era of

the Norman Conquest the king's council, or as it is now
called the privy council, was composed of certain select

members of the aristocracy and great officers of state,

specially summoned by the crown, with whom the sove-

reign usually advised in matters of state and government.

In tho earlier stages of English constitutional history

the king's councillors, as confidential servants of the

monarch, were present at every meeting of parliament in

order to advise upon matters judicial in the House of

Lords ; but iti the reign of Richard II. the privy coun-

cil dissolved its judicial connexion with the peers and

assumed an independent jurisdiction of its own. It was
in the reign of Henry VI. that the king's council first

assumed tho name of privy council, and it was also during

tho minority of this sovereign that a select council was
gradually emerging from out of the larger body of the

privy council, which ultimately resulted in the institution

of the modem cabinet. Since the Revolution of 1688, and
the development of tho system of parliamentary govern-

ment, the privy council has dwindled into comparative

insignificance when contrasted with its original authorita-

tive position. The power once swayed by the privy council

is now exercised by that unrecognized select committee of

the council which we call the cabinet. The practice of

consulting a. few confidential advisers instead of the whole

l)rivy councU had been resorted to by English monarchs
from a very early period ; but the first mention of the term
cabinet council in contradistinction to privy council occurs

in the reign of Charles I., when tho burden of state affairs

was intrusted to the committee of state which Clarendon
says was enviously called the "cabinet council." At first

government by cabinet was as unpopular as it was irregular.

Until the formation of the first parliamentary ministry by
William III. tho ministers of tho king occupied no
recognized jiosition in the House of Commons; it was
indeed a moot point whether they were entitled to sit at

all in th6 lower chamber, and they were seldom of one
mind in the admini.stration of matters of importance.

Before tho Revolution of 1 688 there were ministers, but
no ministry in the modem sense of tho word ; colleague

schemed against colleague in tho council chamber, and it

was no uncommon thing to see ministers opposing one
another in parliament upon measures that ought to have
been supported by a united cabinet. As tho exchange
from government by prerogative to government by parlia-

ment, consequent upon the Revolution of 1688, developed,

and tho House of Commons became more and more the

centre and force of the state, tho advantage of having
ministers in the legislature to explain and defend the

measures and policy of the executive Government began

gradually to be appreciated. Tho public authority of the

crown being only exercised in acts of administration, or, it

other words, through the medium of ministers, it became

absolutely necessary that the advisers of the sovereign,

who were responsible for every public act of the crown as

well as for the general jjolicy they had been called ujion to

administer, should have seats in both Houses of Parliament.

Tho presence of ministers in the legislature was the natural

consequence of the substitution of government by parlia

ment for tho order of things that had existed before 1G88.

Still nearly a century had to elapse before political

unanimity in the cabinet was recognized as a political

maxim. From the first parliamentary ministry of William

III. until the rise of the second Pitt divisions in the cabinet

wore constantly occurring, and a prime minister had more

to fear from the intrigues of his own colleagues than from

the tactics of tho opposition. In 1812 an attempt was

made to form a ministry consisting of men of ojiposite

political principles, who were invited to accept ofiice, not

avowedly as a coalition Government, bu^ with an offer to

the Whig leaders that their friends should be allowed a

majority of one in the cabinet. This offer was declined

on the plea that to construct a cabinet on " a system of

counteraction was inconsistent with tho prosecution of any
uniform and beneficial course of policy." From that date

it has been an established principle that all cabinets are to

be formed on some basis of political union agreed upon by

the members composing the same when they accept ofiice

together. It is now also distinctly understood that the

members of a cabinet are jointly and severally responsible

for each other's acts, and that any attempt to separate

between a particular minister and his colleagues in such

matters is unfair and unconstitutional.

The leading members of an administration constitute the

Cabinet {q.v.). The members of an administration who
are sworn of the council, but who are not cabinet minis-

ters, are the lord-lieutenant of Ireland, the vice-president

of the councU for education, the judge advocate general,

and the chief ofScers of the royal household. The sub-

ordinate members of an administration who are never in

thrt cabinet, and who are seldom raised to the distinction of
privy councillors, are the junior lords of the treasury, the
joint-secretaries to the treasury, the ])aymaster-general, tho
junior lords of the admiralty, the parliamentary under-
secretaries of state, and tho law officers of the crown.

During tho present century the power of ministers ha*
been greatly extended, and their duties more distinctly

marked out. Owing to the development of the system of

parliamentary government, much of the authority which
formerly belonged to English sovereigns has been delegated
to the hands of responsible ministers. As now interpreted,

tho leading principles of tho British constitution are the
personal irresponsibility of the sovereign, tho responsibility

of minister.% and tho inquisitorial power of parliament. At
the head of affairs is the prime minister, and tho difference
between theory and practice is curiously exemplified by
tho post ho fills. The office is full of anomalies. Like the
cabinet council the prime minister is unlcnown to the law
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and the constitution, for legally and according to the
fictions of the constitution no one privy councillor has as
such any superiority over another, yet practically the
premier is the pivot on which the whole administration
turns. He is the iridium of intercourse between the
cabinet and the sovereign ; he has to be cognizant of
all matters of real importance that take place in the
different departments so as to exercise a controlling

influence in the cabinet ; he is virtuaXy responsible for

the disposal of the entire patronage of the crown ; he
selects his colleagues, and by his resignation of office

dissolves the ministry. Yet, though entrusted with this

power, and wielding an almost absolute authority, he
is in theory but the equal of the colleagues he appoints
and whose opposition he can silence by the threat of dissolu-

tion. The prime minister is nominated by the sovereign.
" I offered," said Sir Robert Peel on his resignation of

office, " no opinion as to the choice of a successor. That
is almost the only act which is the personal act of the
sovereign ; it is for the sovereign to determine in whom
her confidence shall be placed." Yet this selection by the
crown is practically limited. No prime minister could
carry on the government of the country for any length of

time who did not possess the confidence of the House of

Commons; and royal favour, if it were ever invidiously

e.vcrcised, would ultimately have to yield to a regard for

the public interests. As a general rule the prime minister

holds the office of first lord of the treasury, either alone or

in connejdon with that of chancellor of the exchequer.
Before 1806 the premiership was occasionally held in

connexion with different other offices,—a secretaryship of

state, the privy seal, and the like,—but it is now almost
invariably associated with the post of first lord of the

treasury. With the exception of the premier, whose duties

are more general than departmental, the work of the other

members of the administration is exemplified by the title

of the offices to which they are called. The lord chancellor,

in addition to the jurisdiction which he exercises in his

judicial capacity, is prolocutor of the House of Lords by
prescription, the keeper of the sovereign's conscience, the

general guardian of all infants, idiots, and lunatics, and to

him belongs the appointment of all the justices of the

peace throughout the kingdom. In former times the lord

chancellor was frequently prime minister ; the earl of

Clarendon in the reign of Charles II., however, was the

last who occupied that position. The lord president of

the council, who is always a member of the Upper House,

presides over the department of the privy council, exercises

a general superintendence over the education department,

and has to frame minutes of council upon subjects which

do not belong to any other department of state. Sub-

ordinate to his department are separate establishments in

relation to public health, the cattle plague, and quarantine.

The post of lord privy seal is one of great trust, though

its duties are not very onerous, since they simply consist

in applying the privy seal once or twice a week to a

number of patents. Ever since the days of Henry VIII.

the privy seal has been the warrant of the legality of

grants from the crown and the authority of the lord

chancellor for affixing tlio great seal. The lord pnvy seal

is always a member of the cabinet. As his official duties

are light he is at liberty to afford assistance to the

administration in other ways, and he has often to attend

to matters which require the investigation of a member
of the Government.

The secretaries of staco are among the most important members
of the ministry, and within the present century their number has
been increased and their duties more epecially consolidated. The
ancient English monarchs were always attended by a learned ecclesi-

astic, known at first as their clerk, and afterwards as eecretary.

tvho conducted the royal correspondence ; but it was not until tno

end of the reign of Queen Elizabeth that these functionaries were
called secretaries of state. Upon the direction of public affaifs
passing from the privy council to the cabinet after 1688, the secre-
taries of state began to assume those high duties which now render
their office one of the most influential of an administration. Until
the reign of Henry VIII. there was generally only one secretary of
state, but at the end of his reign a second principal secretary was
appointed. Owing to the increase of business consequent upon the
union of Scotland, a third secretary, in 1708, was created, but a
vacancy occurring in this office in 1746 the third secretaryship was
dispensed with until 1768, when it was again instituted to take
charge of the increasing colonial business. However, in 1782 the
office was again abolished, and the charge of the colonies trans-
ferred to the home secretary ; but owing to the war with France in
1794 a third secretary was once more appointed to superintend th«
business of the war department, and seven years later the colonial
business was attached to his department. In 1854 a fourth secre-
tary of state for the exclusive charge of the war department and rn
1858 a fifth secretaryship for India were created. There are there-
fore now five principal secretaries of state, four of whom, with their
political under secretaries, occupy seats in the House of Commons.
One of these secretaries of state is always a member of the House of
Lords. The secretaries of state are the only authorized channels
through wliich the royal pleasure is signified to any part of th«
body politic, and the counter-signature of one of them is necessary
to give validity to the sign manual ; thus, while the personal
immunity of the sovereign is secured, a responsible adviser for every
act is provided wh6 has to answer for whatever course the crowM
has pursued. The secretaries of state constitute but one office, and
are coordinate in rank and equal in authority. Each is competent
in general to execute any part of the duties of the secretary ofstate,
the division of duties being a mere matter of arrangement These
duties are of the deepest importance to the welfare of the nation.
The home secretary controls all matters relating to the internal
affairs of the country : he is responsible for the preservation of th«
public peace and for the security of life and property throughout
the kingdom ; he exercises extensive powers over the civil and
military authorities of the country, and has a direct controlling
power over the administration of justice and police in the municipal
boroughs, over the police in and around London, and over the
county constabulary ; and he is especially responsible for the exer-
cise of the royal prerogative in the reprieve or pardon of convicteid
ofFenders or the commutation of their sentences. The foreign secre-
tary, as his name implies, is the official organ of the crown in all

communications between Groat Britain and foreign powers : he
negotiates all treaties or alliances with foreign states, protects
British subjects residing abroad, and demands satisfaction for any
injuries they may sustain at the hands of foreigners. The secretary
of state for the colonies has to superintend the government of the
various colonial possessions of the British crown : he appoints the
governors over the different dependencies of the crown, and sanc-
tions or disallows the enactments of the colonial legislatures. This
latter power has of late years been much curtailed owing to the
establishment of responsible government in most of the colonies

;

still it is the duty of the secretary of the colonies to correspond with
the colonial governors and to offer such suggestions as may be
expedient to assist the deliberations of the colonial councils and to
promote the welfare of colonial subjects. Until the year 1864 the
direction of military affairs was practically divided between the
commander-in-chief at the horse guards, the board of ordnance, the
secretary at war, and the secretary of state for war and the colonies
Upon the declaration of hostilities, however, against Russia in 1854,
the duties of war minister were separated from those of colonial
secretary, and a secretary of state for war appointed, in whose hands
the supreme and responsible authority over the whole military
business of the country formerly transacted by the various depart-
ments was placed. The actions of the commander in-chief are sub-
ject to the approval of the secretary of state for war. Ttie duties of

the commander-in-chief embrace the disoiulmc and patiouage of th<
army and the direct superintendence of the personnel of t)io array

;

with the exception of those duties, everything connected with tn«
management of the army in peace or war (its maUnel and civil

administration, &o. remains in the hands of the war minister. Thi
subordinate position of the commander-in-chief is the result of tli<

British system of parliamentary government. The secretary of start

for war is the minister of the crown and not of parliament; althoust
he is responsible to parliamenr for the advice he may give to the
sovereign, yet it is in the execution of the royal autliority and
)irerogative that he is superior to the officer commanuing in chief

The principle of the constitutional army is that command, prefer-

ment, and honour come to it from the crown ; but the general prii-

ciple is equally undisputed that for all pecuniary romuueratiou it

13 made to depend on parliament By the constitution the crowm
exercises its authority only through responsible advisers, and lieno*

it follows that the secretary of state for war is supremo over any
authority in the army, including the officer commanding in chiet

From 1784 lo 1858 the territ.ories belonging to tha British crOWD ii

1()-18'
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the East-Indies were governed by a department oi state called the

board of control in conjunction with the court of dircctora of the

East India Company. In 1858 this double government waa

abolished, and the entire administration of the British empire in

India was assumed by the crown, and aU the powers formerly exer-

Government at home and abroad ; the whole of the Indian revenues

are at his disiKBal. and the governor-general of India is subject to

his control. To assist him in his labours, and to act as a check upon

the exercise of his otherwise arbitrary administrative powers, this

sccreUry has the aid of a council of state for India, consisting of

fifteen persons, of which, however, he is the president. The members

of the council for India cannot sit iu the House of Commons.

The duties of the other members of the ministry can bo briefly

dismissed. The chancellor of the exchequer at present exercises all

the powers which formerly devolved upon the treasury board ; he

has the entire control of all matters relating to the receipt and

expenditure of public money ; he frames the annual estimates of the

supis required to defray the expenditure of government in every

branch of the public service ; and it is his duty to lay before the

country the annual statement of the estimated expenses of govern-

ment and of the ways and means by which it is proposed to defray

those charges, including the imposition or remission of taxes. The

first lord of the admiralty (since the abolition of the office of lord

high admiral), with the aid of the junior lords.who are called the

lords of the admiralty, conducts the administration of the entire

naval force of the empire both at home and abroad, and is respon-

sible to parliament for all his political proceedings ; as the admiralty

is but an executive board, it is, however, subject on certain matters
'—the number of men required for the naval service, the distribution

l>f the fleet, the strength of foreign squadrons, kc.—to the control

of the cabinet. The president of the board of trade takes cognizance

of all matters relating to trade and commerce, and has to protect

the mercantile interests of the United Kingdom ; until 1864 it was

not necessary for the president to have a seat in the cabinet, but

since that date he has always been a cabinet minister in order to

insure for his advice on commercial matters a due consideration ; in

1867 the office of vice-president of the board was abolished. The
chancellor of the duchy of Lancaster exercises jurisdiction over all

matters of equity relating to lands held of the crown in right of the

duchy of Lancaster ; the office is, however, practically a sinecure,

and is usually filled by a leading statesman whose time is at. the

service of the Government for the consideration of such important
?uestions as do not come within the province of other departments.
n 18b2 the public works and buildings of Great Britain were for

the first time placed under the control of a responsible minister of

the crown, ana were assigned to the charge of the commissioners of

woods and forests ; but iu 1851 the department of public works was
separated from the woods and forests and erected into a board under
the name of the office of her majesty's works and public buildings.

The fli'st commissioner of works is the head of the board, and in his

hands is pla'-ed the custody of the royal ))alace5 and parks and of all

public buildings not specially assigned to the care of other depart-
ments. Since the establishment of his ot&ce the first commissioner
has frequently had a seat in the cabinet. The duties of the post-

master-general, of the president-of the local government board, and
of the minor members of the administration are so obvious from the
titles of the offices they hold as not to call for any special mention.
The prime minister is responsible for the distribution of the chief

Bffices of government between the two Houses of Parliament.
Owing to the development of the House of Commons within the
present century it is now considered advisable that a larger propor-
tion of cabinet ministei-s should have seats in that chamber than
was formerly the case. In the first cabinet of George III. only one
of its members was in the House of Commons and thirteen in the
House of Lords. In 1783 Mr Pitt was the sole cabinet minister in
the Commons. In 1801 four cabinet ministers were in the Commons
and five in the Lords. In 1804 llr Pitt and Lord Castlcreagh were,
out of a cabinet of twelve, the only ministers in the Commons. In
the Grenvillo ministry ("All the Talents"), of a cabinet of eleven,
seven were in the Lords and four in the Commons. In 1809, of
Mr Perceval's cabinet, six were peers and four commoners. In 1812,
of Lord Liverpool's cabinet, ten were peers and only two commoners.
In 1818, out of a cabinet of fourteen, six were commoners ; and in
1822, out of a cabiuet of fifteen, nine were peers. Since the Reform
Act of 1832, however, the leading members of Government have
been more equally apportioned between the two Houses.
Sec Moy. Conililulioiial mnory 0/ Brtflitnd ; Coi. /nXid/d'oni 0/ the English

Qoienunent\ Alpheiu Todd. On Fartiain^Uary OoMnimeiit: Cooke, /iittory of
<"''!'• (A. C. E.)

MINK. Tlie genus Putorius, belonging to the family
Mustelidse or Weasel-like aniinals (see Mammalia, vol.

IV. \>. 440), contains a few species called Minks, distin-

guished from the rest bv sliirht structural modificatiQu.i and

especially by semiaquatic habits. They form the subgenus

LutreoUol Wagner, the genus Vison of Gray. As in other

members of the genus, the dental formula i& i %, c \, p ?^,

m J ; total 34. They are distinguished from the Polecats,

Stoats, and Weasels, which constitute the remainder of the

group, by the facial part of the skull being narrower and

more approaching in form that of the Martens, by the pre-

molar teeth (especially the first of the upper jaw) being

larger, by the toes being partially webbed, and by the

absence of hair in the intervals between the naked pads of

the soles of the feet. The two bestrknown species, so much

alike in size, form, colour, and habits that although they are

widely separated geographically some zoologists 'question

their specific distinction, are F. luireota, t\)Q Norz or Sumpf-

otter (Marsh-Otter) of eastern Europe, and P. vison, the

Mink of North America. The former inhabits Finland,

Poland, and the greater part of Russia, though not found

east of the Ural mountains. Formetly it extended west^

ward into central Germany, but it is now very rare, if not

extinct, in that country. The latter is found in places

which suit its habits throughout the whole of North

America. Another form, P. sibirkus, from eastern Asia,

of which much less is known, appears to connect the true

Minks with the Polecats.

The name may have originated in the Swedish maenk applied

to the European animal. Captain John Smith, in his History of

Firtfinia (1626), at p. 27, speaks of " Martins, Powlecats, Weesels,

and Minkes," showing that the animal must at that time have been
distinguished by a vernacular appellation from its congeners. By
later authors, as Lawson (1709) and Pennant (1784), it is often

written "Minx." For the following description, chiefly taken from
the American form (though almost equally applicable to that of

Europe) we are mainly indebted to Elliott Coues's Fur-bearing
Animals of North Ameiica, 1877.

In size it much resembles the English Polecat, —the length of the

head and body being usually from 15 to 18 iuches, that of the tail

to the end of the hair about 9 inches. The female is considerably

smaller than the male. The tail is bushy, but tapering at the eni
The ears are small, low, rounded, and scarcely project beyond the
adjacent fur. The pelage consists of a dense, soft, matted under fur,

mixed with long, stiff, lustrous hairs on all parts of the body and
tail. The gloss is greatest gn the upper parts ; on the tail the
bristly hairs predominate. Northern specimens have the finest and
most glistening pelage ; in those from southern regions there is less

difl'erence between the under and over fur, and the whole pelage is

coarser and harsher. In colour, different specimens present a con-
siderable range of variation, but the animal is ordinarily of a rich
dark brown, scarcely or not paler below than on the general upper
parts ; but the back is usually the darkest, and the tail is nearly
black. The under jaw, from the chin about as far back as the
angle of the mouth, is generally white. In the European Mink the
upper lip is also white, but, as this occasionally occurs in American
specimens, it fails as an absolutely distinguishing character. Besides
the white on the chin, there are often other irregular white patches
on the under parts of the body. In very rare instances the tail is
tipped with white The fur, like that of most of the animals of the
group to which it belongs, is an important article of commerce.
The principal characteristic of the Jlink iu comparison with its

congeners is its amphibious mode of life. It is to the water what
the other Weasels are to the land, or Martens to the trees, being as
essentially aquatic in its habits as the Otter, Beaver, or Musk-rat,
and spending perhaps more of its time in the water than it does on
land. It swims with most of the body submerged, and dives.with
perfect ease, remaining long without coming to the surface to
breathe. It makes its nest in buriows in the banks of streams,
breeding once a year about .the month of April, and i>roducing five
or SIX young at a birth. Its food consists of frogs, fish, freshwater
molluscs and crustaceans, as well, as mice, rats, musk-rats, rabbits,
and small buds. In common with the other animals of the genns,
it has a very peculiar and disagrefable effluvium, which, according
to Coues, IS more powerful, penetrating, and lasting than that of
any animal of the country except the Skunk. It also possesses the
counge ferocity, and tenacity of life of its allies. \Vhen taken
young, however, it can be readily tamed, and lately Minks have
been extensively bred in captivity in America both for the sake of
their fur and for the purpose of using them in like manner as Ferrets
in England, to clear buildings of rats. (W. H. F.)

MINNEAPOLIS, the county seat of Hennepin county,
JLnnesota, United States, and in 1880 the first ".ity of
the ,State ai reca-ds population, lies on both banks of tho
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Mississippi, at tbe falls of St Anthony, 14 miles by river

above St Paul. The east side was first settled, under the

name of St Anthony, which was incorporated as a city in

1860. The west side settlement, named Minneapolis, was
incorporated as a city in 1867, and soon surpassed St
Anthony in population. In 1872 the two cities were
united under the name of Minneapolis. The chief in-

dustries are the manufacture of flour and of lumber, for

which the falls supply abundant water-power. The Missis-

sippi hero flows over a limestone bed resting upon a friable

white sandstone ; hence erosion is fapid, and the river

banks show that the falls have receded from a position at

the mouth of the Minnesota river. In 1851 90 feet of the

limestone gave way at once; and, as the rock bed extends

but 1200 feet above the present site of the faUs, the

destruction of the water-power was threatened. This has

been averted by the construction of an apron, or inclined

plane, of timber, with heavy cribwork at the bottom, and
the building of a concrete wall in the bed of sandstone

behind the falls and underneath the channel of the river.

For this work the United States Government appropriated

$550,000 and the citizens of Minneapolis contributed

$334,500. The city has twenty-seven flour-miUs, which
can produce 29,272 barrels a day. The total product for

the year ended September 1, 1882, was 2,301,667 barrels.

The shipments of lumber for 1880 were 164,620,000 feet.

The population in 1870 was 18,079; and in 1880, 46,887.

MINNESANGER. See Germany, vol. x. p. 525.

MINNESOTA, one of the north-western States of the

American Union, extending from 43° 30' N. lat. to the

British Possessions (about 49' N. lat.), and from Wisconsin

and Lake Superior on the east to Dakota on the west,

between the meridians of 89° 39' and 97° 5' W. long. Its

area, including half of the lakes, straits, and rivers along

its boundaries, except Eainy Lake and Lake of the Woods,
amounts to 83,365 square miles.

The surface of Minnesota is diversified by few elevations

of any great height. In general it is an undulating plain,

breaking in some sections into rolling prairie, and traversed

by belts of timber. It has an average elevation above
sea-level of about 1000 feet. The watershed of the north

(wliich determines the course of the three great continental

river systems) and that of the west are not ridges or hills,

but elevations whose inclination is almost insensible. The
southern and central portions of the State are chiefly

rolling prairie, the upper part of which is crossed from
N.W. to S.E. by the forest belt known as the Big Woods,

—

a stretch of deciduous forest trees with an area of about
5000 square miles. North of the 47th parallel, the great

Minnesota pine belt reaches from Lake Superior to the

confin«3 of the Red River valley, including the region of

the headwaters of the Mississippi and its upper tributaries,

as well as those of the Superior streams. North of the

pine region there is but a stunted growth of tamarack and
dwarf pine. In the north-east are found the rugged ele-

vations of the granite uplift of the shores of Lake Superior,

rising to a considerable height ; while in the north-west

the surface slopes away to the level prairie reaches of the

Red River valley. The surface elevation of the State

varies from 800 to 2000 fcp*- above sea-level. A short line

of hills in the north-east reaches the latter altitude, while

only the valleys of the Red River, the Mississippi, and the

Minnesota fall below the former.

Geology and Soil.—The geology has not yet been
mapped out with the precision attained in other States.

The great central zone, from Lake Superior to the south-

western extremity of the State, is occupied by granitic and
metamorphic rocks, succeeded, in the south-east, by nar-

rower bands of later formation. Within the great Azoic area

lies the central watershed of the continent, from which the

St Lawrence system sends its waters towards the Atlantic,

the Mississippi towards the Gulf of Mexico, and the Red
River of the North to Hudson's Bay. These primordial

rocks carry back the geologic history of Minnesota to pre-

Silurian times. They form in the north-east, in the

neighbourhood of Lake Superior, an extremely rough and

hilly country, but as they reach the central and south-

western portions of the State they for the most part

disappear beneath the surface drift. This central belt is

succeeded, on the south and east, by a stretch of sandstone,

partially the true red Potsdam and partially a similar but

lighter-coloured stratum, which some have proposed to

designate the St Croix Sandstone. Isolated beds of sand-

stone are found in various parts of the State. The north-

western corner, stretching east from the Red River valley,

is believed to be Cretaceous; but the great depth of

drift and alluvium, disturbed by no large rivers, prevents

a positive conclusion. The Lower Magnesian limestone

underlies the extreme south-eastern portion of the State,

and extends along the west side of the Mississippi to a

point a little below St Paul; thence it takes a course

almost semicircular, and finally pas.«es out of the State at

the south-western boundary. The Trenton limestone

occupies a large field in the south and south-east; it

comes to the surface in long irregular bands, and an island

of it underlies the cities of Minneapolis and St Paul

\vith the adjacent districts. The Galena limestone, the

Masquoketa shales, the Niagara limestone, and the rocks

of the Devonian age in turn prevail in the other counties

of the south and east ; while the existence of the St Peter

sandstone would scarcely be known but for its outcropping

along the bluffs of the Mississippi, and at the famous

waterfall of Minnehaha. From these various formations

numerous kinds of stone valuable for building purposes are

obtained. The grey granite of St Cloud is extremely hard

and endu-ing. The Lower Magnesian furnishes two

especially handsome building stones,—the pink limestone

known as Kasota stone, and the cream-coloured stone of

Red Wing, both easily worked, and hardening by exposure

to atmospheric changes. Naturally, from its location

underneath the principal cities of the State, the Trenton

limestone is the most widely used. Sand suitable for

glass-making, and argillaceous deposits abound. The

clays which make up so large a portion of the sur-

face drift of the State are almost wholly of glacial

origin. Overlying the deposits of sand, gravel, boulders,

and clay is, in most portions of the State, a sandy

loam, very finely divided, rich in organic matter, deep

brown or black in colour, and of the greatest fertility.

It is this soil vv-hich has given to the State its reputation

for productiveness. Its depth varies from 2 to 5 feet in

various parts of the State, and it has been described by

Dr Owen as " excellent in quality, rich as well in organic

matter as in those mineral salts which give rapidity to the

growth of plants, while it has that durability which enables

it to sustain a long succession of crops."

Jiivcrs a-nd Xate.—The State holds a unique place with reference

to the great water systems of the continent. The Mississippi takes

its rise in Lake Itasca, north of the centre of the State. Before

it leaves the State limits it becomes a great river, half a mile wide,

and from 5 to 20 feet deep. It drains with its tributaries all

the southern and central portions and a large area of the nortlicrn

part of the State. It is navigable as far as St Tnul, and at

Minneapolis the falls of St Anthony afford unrivalled facilities

for manufacturing Of the many aflluents of tlio Mis

sissippi the most important is the Minnesota, which after a

course of about 440 miles flows into the main stream at Fort

Snelling, 3 miles above St Paul. The source of the Minnesota is

but 1 mile from Lake Traverse, the origin of the Red River of the

North, and it is navigable during the high-water season for about

238 miles. Its principal tributaries are the Blue Earth, Chippewa,

Redwood, Lac qui Parle, and Ponune dc Tcrrc. The Red River

system drains the north-westeru part of the State, and its waters
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finally pas3 into Hadaon's Bay, as also do those from the
country drained by streams flowing to the Bainy Lake river and
the lakes along the northern boundary line. East of this lies the

region tributary to Lake Superior and the St Lawrence system.

This comprises an area within the State estimated at 9000 square

miles. Its principal river is the St Louis. There are altogether

about 2796 miles of navigable water in Minnesota.

The number of lakes is estimated at seven thousand. They are of all

sizes, and are found chiefly in the northern two-thirds of the State.

They have been classified geologically into glacial or drift lakes,

flunatile or river lakes, occupying basins on river courses, and lakes

having rock basins either scooped out by the action of glaciers or

formed by the relative position of diff'erent geological formations. By
far the greater number give evidence of glacial action in their origin.

They abound over the region most deeply covered by the surface

drift, and sre especially prevalent in morainic districts, forming
the southern fringe of the lacustriue area of North America. With
the melting of the ice-sheet which once overspread Minnesota its

innumerable lakes came into existence ; and the gentle acclivity

of its slopes, precluding rapid erosive action, has tended to give

permanence to the depressions constituting their basins. The
census returns give 4180 square miles of water surface within the

State. Most of the lakes are exceedingly picturesque in their sur-

roundings. Forests skirt their shores, which are seldom marshy
;

and their waters, abounding in various kinds of fish, are clear and
cooL Besides the sanitary advantages afforded by the lakes, as

supplying places f.ir recreation and delightful summer resorts, they
aflect tho climate to some extent, tempering the extremes com-
monly experienced in northern latitudes. The fact that many of

the lakes are gradually dr}"ing up must be explained by agricul-

tural operations. The largest lakes, exclusive of Superior, lying

wholly or in part in Minnesota are as follows :—Lake of the

Woods, 612 square miles ; Red, 342; Mille Lacs, 198; Leech, 194;
Rainy, 146; Winnibigoshish, 78; and Vermilion, 63.

Flora and Fauna.—The flora and fauna present no marked
difl'erences from those of other States in the same latitude. In a
partial list of the birds of ilinnesota, two hundred and eighty-one
species are enumerated. Of winter birds fifty-two species have been
classified, twenty-three of them being permanent residents.

Climate.—The State lies so far north as to have a low mean
an<iuai temperature, and so far inland as to have the characterLstic

coutinental climate. Its elevation above sea-level gives an agree-

able rarefaction to the atmosphere, and makes the prevalence of

fogs and damp weather unknown. Between June and January
there is an annual variation from the summer heat of southern
Ohio to the winter cold of Montreal. The winter, usually com-
mencing in November, and continuing till near the end of March,
is not a period of intense continued cold, but is subject to consider-

able variations. As a rule, the comparative dryness of the atmo-
sphere neutralizes the severest effect of excessive cold. The snowfall
is extremely light during most of the winter, but as spring
approaches precipitation becomes greater, and there are frequently
hec.vy snowfalls in February and March. The change from winter
to summer is rapid, vegetation sometimes seeming to leap into full

and active growth within the space of a few weeks. The summer
months bring days of intense heat, but, with comparatively rare
exceptions, the nights are deliciously cooL Hot days and cool
nights make the ideal weather for a good wheat crop ; and the
forcing heats of summer produce in luxuriant growth the vegetable
life which belongs to the middle States. The Smithsonian chart
ass'gns to Minnesota an average temperature for the hottest week
in summer of from 85° to 90°, and for the coldest week in winter
from 10° to 20° below zero. The mean annual average, for all

below 47° of latitude, it gives as 40°. Observations at St Paul,
extending over a period of more than thirty-five years, show the
following mean temperatures :—spring, 45°-6

; summer,- 70°'6
;

autumn, 40°-9
; winter, 16'1 ; average, 44°-6. The average annual

rainfall is about 25-5 inches. While this is not large, it is so
distributed as best to subserve the purposes of vegetable growth.
No moisture is lost in superfluous spring and autumn rains, or in
the cold and non-producing part of the year, the precipitation, which
in winter is less than 2 inches, increasing to about 12 for the sum-
mer. To the season of vegetable growth belong 70 per cent, of the
yearly measures of heat, 76 percent of the rainfall, and 76 percent.
of the atmospheric humidity. The prevailing winds are from the
south or soutn-east. In 1880 rain or snow fell on 150 days, and in
1881 on 167. Itisovidcnt that the causes which mitigate the actual
Beverity of the climate as felt, which produce so large a number of
clear days, and which forbid the continued presence of a large amount
of moisture in the atmosphere, are those which render a climate
healthful in the highest degree. Minnesota has been for many
years a favourite resort for invalids. The curative properties of its

climate are especially marked in the case of pulmonary complaints,
Agricull-ure.—The leading industry of the State is agriculture.

The character of the surface soil varies in different parts of the
State with the character of the underlying strata. The fertile land
comprises about three-fourths o'' lie tu>tir« »rea of the State. The

drift soil proper of the south and centre, including the Minnesota

valley and the greater part of that of the Mississippi, contains silica

and calcareous matter, and is interspersed with alluvial river

bottoms. The limestone soil, in which there is a large calcareous

element, lies chiefly on the western slope of the Mississippi. The

Red River valley consists of an argillaceous mould, rich in organic

deposits. Around Lake Superior, wherever arable land is to be

found, it is marked by a rich trap soil. North of the central fertile

area, and in the neighbourhood of the sources of the Mississippi, is

much swampy land, susceptible of easy drainage, with a large tract

of sand and other drift detritus, unfavourable to production. Maize

and potatoes flourish, and the uplands, which support hardwood

ridges, are suited to general agriculture. To the extreme north

the surface, while indicating mineral wealth, is utterly unfit, except

in occasional isolated areas, for purposes of tillage.

Wheat has hitherto been the staple product of the State. Soil

and climate are such as to ensure a large average yield, while the

superior quality of the gram has given it a w'ide reputation. The
other cereals are also cultivated with success. The tendency to

diversify agriculture, especially in the southern part of the State,

has been stimulated by several partial failures of the wheat crop,

the locust invasions, and the competition of the farther north-west.

The area of the State includes 39,791,265 acres surveyed,

10,968,676 acres not surveyed, and 2,700,000 acres of lake surface.

The total sales of public and railroad lands in 1879 and 1880 were not

far from 4,000,000 acres. It is estimated that the aggregate of

lands yet undisposed of, three-fourths of which may be profitably

cultivated, is nearly 20,000,000 acres, exclusive of the lands belong-

ing to the State. White Earth Indian reservation has thirty-six

townships of prairie and timber land ; and Red Lake reservation

contains 3,200,000 acres.

Forestry.—A special census bulletin estimates the amount of

merchantable white pine standing, May 31, 1880, as amounting in

all to 6,100,000,000 feet. The entire cut for the census year 1880

was 540,997,000 feet. Of hardwood forest 3,840,000 acres remain,

capable of yielding 67,600,000 cords of wood.

Every encouragement is afl"orded, both by the railway corpora-

tions and the State, to tree-planting on the prairies. A quarter

section is given to any one who will plant and keep in good condi-

tion 40 acres of timber for eight years. In 1880 there were planted

25,331 acres of trees, exclusive of those bordering highways and
the windbreaks alone the railroad lines.

Manufactures.—The manufactures of Minnesota are yet in their

infancy. The abundant water-power of the State, its proximity to

the coal-fields of Iowa, its superior transportation facilities, and th*

large demand for manufactured commodities are, however, rapidly

developing this branch of industry. The most important industries

are the manufacture of flour and that of lumber. The former natu-

rally established itself in a State of immense wheat yield and abundant
water-power. It received its greatest stimulus from the invention

and adoption of the middlings purifying process, which produces
the highest grade of flour, and to which the hard spring wheat of

Minnesota is especially adapted. Among other manufacturing
industries actively prosecuted are the making of brick, pottery,

stoneware, and agricultural implements, and also meat-packing.

Commerce.—The geographical position of Minnesota gives it ex-

tensive commercial interests. Two continental waterways terminate

within the State. The Mississippi afi'ords continuous navigation

to European ports during eight months of the year. From Dulutb
numerous lines of vessels traverse the chain of great lakes, and
transport the products of the west to the eastern seaboard. Three

freat transcontinental railway lines are connected more or less

irectly with the railroad system of the State. Twelve lines of rail-

vay from every part of Minnesota converge at the contiguous cities

of St Paul and Minneapolis, and three great trunk lines from the^e

centres to Chicago secure the advantages of a lively competition.

Education.—The common school system is supported by land
grants, a local tax, and a State tax. The superintendent of in-

struction is appointed by the governor. County superintendents

are chosen by popular vote. Common school districts have boards

of three trustees each. Six directors are appointed for independent
districts. The permanent fund in 1881 was $4,850,000, nnd the

current fund $260,835. The State university, located at Minnea-
polis, is governed by a board of regents, consisting of the governor
of the State, the superintendent oi public instruction, the president
of the university, and six others ; both sexes are admitted, and
tuition is free. The State supports ' three normal schools. Forty-
two academies and six colleges jire sustained by denominational or

private enterprise.

Administration.—The departments of Government are, as in all

the Slates, the legislative, the executive, and the judicial. The
State contains seventy-eight counties, of which some are still

subject to change of boundary. From these are elected by districts

forty-seven senators and one hundred and three members of the
Hbuse of Representatives. The State officers are a governor,
lieutenant-governor, secretary of state, treasurer, and attorney-
general, all elected by the people. The term of office is two yaarg.
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The (governor has power toveto separate items of a money bill. The
judiciary is elective, and the term of office seven years. The State
requireraentj for citizenship are residence in the United States
<)ne year, in the State four months, and in the election district

ten days preceding an election. Women are allowed to vote for

school officers and upon questions relating to the management of

schools, and are also eligible to such offices. No county can con-

tain more than 400 square miles. The legislature meets biennially.

Extra sessions may be called, but no session can exceed sixty days
in length. Under the List apportionment the State is entitled to

five representatives in the national Co.Tgress.

The annual valuation of property for 1882, as equalized by the

State board, gives the personal property as §79,219,4-15, the real

estate 3242,938,170. This represents a total actual value of not far

from 8750,000,000.
While Minnesota was still a Territory, but after it had adopted

a State constitution, an amendment was added to the constitution

authorizing the issue of a large amount of bonds in aid of railway

construction. Shortly afterwards, the companies having failed to

fulfil their contracts and defaulted payment, the State foreclosed

its mortgage on the lands, franchises, kc, of the roads, and turned

them over to other companies. By another amendment to the

constitution, the payment of the bonds was made contingent upon
the fesult of a popular vote. Several proposals having failed to

receive this sanction, the necessity for it was removed in 1881 by a

decision of the supreme court, declaring the amendment uncon-
stitutional. The legislature immediately met, accepted a plan of

settlement proposed by the bondholders themselves, and over

§4,000,000 worth of new bonds were issued in exchange for the old.

For the paj-ment of the principal and interest of these the people
have voted (November 1882) to set aside as a sinking fund the

jtrocceds of 500,000 acres of land belonging to the State internal

improvement fund, the deficit to be paid out of the tax on railroad

earnings These bonds include all the State debt except about
§200,000. A tax of 3 per cent, imposed on the gross earnings of

all railroads within the State will soon meet all expenses except
provision for educational, penal, and charitable institutions.

Population.— the population of the State was 6077 at the census
of 1850, 172,023 in 1860, 439,706 in 1870, and 780,773 (419,149
males and 361,624 females) in 1880. According to the last census

299,800 whites had been born in the State; aad of the 267,676
foreign-born inhabitants of the State 107,770 came from Scandina-
vian countries and 68,277 from the United Kingdom and the British

colonies, while 77,505 acknowledge the German as their native

tongue. The increase of population in the State for the last decade
of years alone was 75 per cent. The most important cities are St

Panl, the capital, and Minneapolis, with 41,473 and 46,887 inhabit-

ants respectively in 1880; Winona had 10,208 and Stillwater 9035.

t History.—Missionary efforts and the trading spirit first induced
white men to venture as far into the unexplored north-west as the
boundaries of what is now the State of Minnesota. The earliest

accounts of its natural features and native tribes appear in the

Jesuit writings. The "Relations" of 1670-71 allude to the Sioux
or Uakotas. In 1678 a company was formed for trading with this

tribe. Du Luth was leader of this expedition, and later on went
from Lake Superior to the Mississippi by canoe. But the first pub-
lished account is that of Louis Hennepin, a Recollect monk, who,
in 1680, visited the falls of St Anthony, and gave them their name,
from that of his patron saint. For a century the only visitants

of the wild region were a few missionaries, and a number of fur

traders who found the profit of the journey to more than counter-

balance its perils and hardships. To the latter class belong Perrot,

who reached the Mississippi by way of the Fox and Wisconsin in

1684, and founded at Lake Pepin the first trading post in the State,

and Le Sueur, a Canadian, who ascended the great river from its

mouth, and established another post above Lake P^pin. Captain

John Carver, the explorer of the country of the upper Mississippi,

visited the falls of St Anthony in 1766, being the first British tra-

veller who reached the spot. On March 20, 1804, Upper Louisiana
was organiied, consisting of Arkansas, Missouri, Iowa, and a large

portion of Minnesota. From this time onwards the progress of explo-

ration was rapid, and settlement followed in its train. The first

really extensive exploration of any large part of what is now
riinnesota was made between 1817 and 1823, by Major S. H. Long,

of the United States engineer corps, in fiomniand of a Government
expedition. About the same time the Red River received its first

Visitant. Thomas Douglas, earl of Selkirk, an Englishman of

eccentric character, went, in 1817, to what is now Winnipeg, by
way of York river. Having been struck with thl agricultural

possibilities of the region about the Red River of the North, he

induced a colony of Swiss farmers to settle there. These were dis-

appointed in the country, and unused to the severity of the climate,

so that they finally removed to the vicinity of St Paul and con-

tributed to the earliest development of the agricultural in-

dustry of the State. In 1821 Colonel Snelling built, at. the

junction of the Minnesota and Mississippi rivers, a stronghold

which he named Fort St Anthony. The name was changed to Fort I

Snelling in his honour, in 1824, and the fort is still an important
post .IS a base of supplies for the newer uorth-west. The first

steamboat made its appearance at the head of navigation in 1823.
The settlement of St Paul, one of the oldest towns as well as the
capital, is commonly dated from 1846, at which time there were a few
shanties on its .>^ite. Population now began to arrive in constantly
increasing numbers, and on March 3, 1849, a bill passed Congress for

organizing the Tcrritoiy. It was proposed at one time to name it

Itasca, but the name Minnesota, meaning, "sky-tinted water,"
and originally applied to the river bearing that title, was finally

retained. The western boundary of the territory was fixed at the
Missouri river. The population was but 4057, the largest town
had but a few hundred inhabitants, and a large part of the soil of
the State still belonged to the Indians. But progress now began in
earnest. A constitution was adopted in 1 857, and on May 11, 1858,
Minnesota was .admitted as a State, with a population, according
to the last Territorial census, of 150,037. ' .'

One of the first acts of the new State was the issue of the rafl-

road bonds noticed above. Soon after cauie the civil war. Within
two mouths of Lincoln's first call for troops the first Jlinnesota
regiment, over one thousand strong, was mustered into service. By
August of 1862 ten regiments had been called for and furnished. In'

all, the Statesupplied to the armies of the Union 25,052 men, or about
one-seventh of its entire population at the outbreak of the war.

In the meantime there occurred, in 1862, the horrible outbreak
known as the Sioux massacre. Settlements were cut off, isolated

settlers murdered, and even a strong post like Fort Ridgely was
attacked. The outbreak spread over a large portion of the State

;

several severe engagements were fought ; and it was not until the
State had a thoroughly equipped military force ready for the cam-
paign that the Indians begun to flee or to give themselves up. By
this time over 700 persons had been murdered, 200, chiefly women,
taken captive ; eijrhteen counties were ravaged, and 30,000 people

were homeless. The property loss was net less than $3,000,000. |

During these local and national disturbances the material pro-

sperity of the State was unabated. Notwithstanding the heavy Co^t

of the civil war and the Sioux massacre, the census of 1865 showed
a population of 250,099. ^Railroad construction began to be ener-

getically carried forward ; in 1870 329 miles were made and 10'. 8
miles were in operation ; a road to Lake Superior was completed,

and the Northern Pacific was fairly under way. In 1873-76, and
to some extent in 1877, suocessive visitations of locusts destroyed

the crops of the south-western counties. The sufferers wein

relieved by the State, and no repetition of the scourge has since bceu

experienced. (J. G. P.)

jMINNOW (Leuciscus phoxinvs or Phoxinus Ixvis) is the

smallest British Cyprinoid, readily distinguished by its

very small scales. It is abundant in rivers, brooks, and
lakes, always swimming in schools, and shifting its ground

in search of food, which consists of every kind of vegetable

and animal substance. It ranges from southern Euro]i8

to Scandinavia, and from Ireland into north-eastern Asia

;

in the Alps it attains to a higher altitude than^ any other

Cyprinoid, viz., to nearly 8000 feet. Its u^ual size varies

between 2 and 3 inches ; but in suitable localities, especially

in Germany, it is known to reach a length of from 4 to 5

inches. The colours vary with age and season ; a series of

dark spots or cross-bands along the sides is always present,

but the males assume in summer a nuptial dress of scarlet

or purple on the lower parts of the head and body.

The minnow is used as bait ; it can also be introduced

with facility and with great advantage into ponds in which

there is otherwise a scarcity of food for more valuable

fishes, such as trout, perch, and pike.

MINO DI GIOVANNI (1431-1486), called da Fiesole,

was born at Poppi in the Casentino in 1431. He had

property at Fiesole, whence his usual name. Vasari's

account of him is very inaccurate and full of contradictions.

Mino was a friend and fellow-worker both with D. da

Settignano and Matteo Civitale, all three being about the

same age. There is considerable similarity in their works,

showing mutual influence. Mino's sculpture is remarkable

for its gem-like finish and extreme delicacy of detail, as

well as for its spirituality and strong devotional feeling.

No other sculptor portrayed the virginal purity of the

Madonna or the soft infant beauty of the Divine Child with

greater tenderness and refinement. Of Mino's earlier

works, the finest are in the duomo of Fiesole, the altarpiece
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and tomb of Bishop Salutati, executed obout 1464. In

the Badia of Florence are some of Mino'a most important

sculptures—an altarpiece, and the tombs of Bernardo

Giugni, 1466, and the Margrave Hugo, 14S1—all sculp-

tured in white marble, with beautiful life-sized recumbent

jffigies and attendant angels. The pulpit in Prate

cathedral, finished in 1473, is very delicately sculptured,

with bas-reliefs of great minuteness, but somewhat weakly

designed. Soon after the completion of this work Mino

paid a visit of some years to Rome, where he executed

several fine pieces of sculpture, such as the tomb of Pope

Paul IL (now in the crypt of St Peter's), the tomb of

Francesco Tornabuoni in S. Maria Sopra Minerva, and a

beautiful little marble tabernacle for the holy oils in

S. Maria in Trastevere. There can be little doubt that he

was also the sculptor of several of the very lovely monu-

ments in S. Maria del Popolo, especially those in the

sacristy of Bish6p Gomiel and Archbishop Rocca, 1482,

and the marble rojedos, also in the sacristy, given by Pope

Alexander VI. Some of Mino's portrait busts and delicate

profile bas-reliefs are preserved in the BargeUo at Florence

;

they are full of life and expression, though without the

extreme realism of Verrocchio and other sculptors of his

time. He died in 14S6.

Seo Tasari, Milanesi's cd., 1878-82; Perkins, Italian Sculptors;

Winckchnann and D'Agincouit, Storia della Smltura. 1813.

'^ MINOR. See Ihfant.

MINORCA See Baleabic Islands.

MINORITES. See Franciscans.

MINOS, a legendary king of Crete, in whom both

historical and religious elements are united. The historical

element lies in the fact that an early civilization and mari-

time power had its seat in Crete. The Phoenician inter-

course played a great part in developing this island state,

and Minos is sometimes calleda Phoenician. The name Minoa

13 often found where Phoenician influence was strongest,

e.ff., at Megara. The laws and constitution which existed

from a very early time in Crete were attributed to Minos,

to whom they were revealed by Zeus. After his death he

became the judge of the dead ; he is one of the forms

assumed by the old conception of the first man, who is

after death king and god among the dead. It is therefore

highly probable that the name Minos is the Greek form of

the original Manva, i.e., " endowed with thinking," which

is seen in the Hindu Manu and the Germanic Mann. As
in all other heroized forms of the god of the dead, there

b both a terrible and a wise and beneficent side in the

character of Minos. Cretan legends described him as the

wild huntsman of the forests and mountains, the lover of

the nymphs, though his love means death to them. His

death is localized in the far west, in the land of sunset

;

his grave was shown at Camicus near Agrigentum, attached

to a temple of Aphrodite. He pursued Usedalus thither,

and the daughters of Cocalus, the king of Agrigentum,

killed him by pouring boiling water over him in the bath,

an obvious myth of the sun dying in the sea. Minos, the

god of the dead, is, according to the usual rule, the sun-god,

who goes to illumine the dead when he dies on the earth.

His wife is Pasiphae, the moon-goddess, who had an oracle

by dreams at Thalama; in Laconia. The union of the sun

and the moon, the bull and the cow, gave rise to many
quaint and ugly legends : Pasipliae loved the bull of lilinos,

v.as aided by the stratagem of Dsdalus, and gave birth to

the Minotaur, half bull and half man. The Minotaur is

one of those monstrous forms which were suggested to the

Greek fancy by the quaint animals common in Oriental

irt. It was shut up in the Labyeinth (q.v.), which was
construct "^d by the skilled artist Dicdalus. Now a son of

Minos named Androgens had been killed by the Athenians,

and Minos as a punishment required that seven Athenian

youths and seven maidens should be sent every nmth year

and given up to the Minotaur to be devoured. When this

sacrifice took place for the third time Theseus came as one

of the hostages, and slew the Minotaur with the help of

Ariadne. Throughout these legends we see the close

relation of Minos to the Phoenician sun-god ilelkarth, and

perceive the way in which different places where Phoenician

influence can be traced, Athens, Sicily, &c., are brought

together in religious myths

MINOTAUR. See Minos.

MINSK, a western government of Russia, is bounded

by Vilna, Vitebsk, and Moghileflf on the N. and E., and

by Tchernigoff, Kieff, Volhynia, and Grodno on the S.i

and W., and has an area of 35,175 square miles. The

surface is undulating and hiUy in the north-west, where a

narrow plateau and a range of hills of the Tertiary forma-

tion runs to the north-east, separating the basin of the

Niemen, which flows into the Baltic, from that of tht,

Dnieper, which sends its waters into the Black Sea. The.

range, which averages from 800 to 1000 feet, culminates in

Lysaya Gora (1129 feet). The remainder of the province

is flat, 450 to 650 feet above the sea-level, covered with

sands and clays of the glacial and post-glacial periods. Two
broad shallow depressions, drained by the Berezina and the

Pripet, cross the province from north to south and from

west to east ; and these, as well as the triangular space

between them, are covered with immense marshes (often

occupying 200 to 600 square miles), numberless ponds and

small lakes, peat-bogs, downs, and moving sands, as weU
as with dense forests. This country, and especially its

south-western part, is usually known under the name of

Polyesie (" The Woods "). Altogether, marshes take up
15 per cent, and marshy forests no less than 55 per cent,

of the entire area of the province (60 to 71 per cent, in

several districts). The forests, however, consist of full-

grown trees in the higher districts of the north-west

only, those which occupy the marshy ground consisting of

small and stunted pine, birch, and aspen. The climate of

the Polyesie is harsh and extremely unhealthy ; malarias

and an endemic disease of the bulbs of the hair (kolitm,

plica Polonica) are the plagues of these tracts, the evil

being intensified by the dreadful poverty of the popula-

tion. Communication is very difficult. The railway from
Poland to Moscow has, so far as Minsk is concerned, taken

advantage of the plateau above mentioned ; but still it has

to cross the broad marshy depression of the Berezina. A
successful attempt was recently made to drain the mar.?he3

of the Polyesie by a system of canals, and more than

4,500,000 acres have thus been rendered suitable for pasture

and agriculture. Two great tributaries of the Dnieper, the

Berezina and the Pripet, both navigable, with numberless
subtributaries, many of which are also navigable, are the

natural outlets for the marshes of the province. The
Dnieper flows along its south-eastern border for 160 miles,

and the Niemen on the north-western for 130 miles. The
affluents of the Baltic, the Duna (Dwina), and the Vistula are

connected by three canals with tributaries of the Dnieper.

The population of the province (1,183,200 in 1873) may
be estimated at about 1,350,000, mostly White Russians

(67 per cent.); there are also Poles (about 11 per cent.),

especially in the western districts, Jews (more than 10
per cent.). Little Russians (5 per cent.), and Russians (2 per

cent.).. About 70,000 are considered to be Lithuanians

;

there are also 4000 Tartars, whose presence can be traced

to the raids of their ancestors on Lithuania in the 13th

century, and about 2000 German agriculturists who settled

in last century

The chief occupation of the inhabitants is agriculture, which is,

aowover, very unproductive in the lowland.i ; in the Polyesie the
peasants rarely have pure bread to eat. Only 23 8 per cent, of the
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area 13 under crops, th* average yield being 1,600,000 quarters of

corn and 1,170,000 quarters of potatoes. Cattle-breeding is very

imperfectly developed, the meadows being marshy throughout the

lowlands. Hunting and bee-keeping are sources of income in the

Polyesie, and fishing gives occupation to about t^venty thousand

persons. The chief source of income for the inhabitants of the low-

lauds is the timber trade. Timber is floated down the rivers, and
tar, pitch, various products of bark, potash, charcoal, and niynerous

Borts of timber-ware (wooden dishes, &c.)are manufactm-cd in villages

to a great extent ; and shipbuilding is carried on along the Dnieper,

Pripet, and Niemen. Shipping is also an important source of

income, owing to the traflic on the canals and rivers of the province.

In 1877 560 boats and 1120 rafts with 170,000 cwts. of cargo left

the banks of the Berezina and Fripet ; and the traffic on the Dnieper
and Niemen was nearly as great. The industrial arts are almost
entirely undeveloped. There are, however, several distilleries and
tanneries ; and woollen-stuffs, candles, tobacco, and sugar are manu-
factured to a limited extent. Corn is exported from the western
districts, but imported to the same amount into the southern parts ;

the chief export trade is in produce of forest industries. The pro-

vince is crossed by two important railways, one of which connects

Poland with Moscow, and the other Libau and Vilna \vith the

provinces of Little Russia ; the great highway from Warsaw to

Moscow crosses the province in the south, and its passage, through
the Berezina is protected by the first-class fortress of Bibruisk.

Minsk is divided into nine districts, of which the capitals are

—

Minsk (43,500 inhabitants), Bobruisk (26,850), Borisoflf(5650), close

by the place where Napoleon I. crossed the Berezina on his retreat

from Moscow, Igumen (2200), MozjT (4200), Novogrodek (9O0O),

Pinsk (18,000), Rycchitsa (4300), and Slutsk (17,200). The pro-

vince is well provided with secondary schools, but piimary edu-

cation, especially in the Polyesie, is in a very backward state.

The country now occupied by the province of Minsk was, as far

as historical records extend, an abode of Slavonians. Thjit portion

of it which was occupied by the Krivichi became part of the Polotsk

principality and so of " White Russia" ; the other portion, occu-

pied by the Dregovichi and Drevlans, became part of the " Black
Russia "

; whilst the south-western portion of it was occupied by
Yatvyags or Lithuanians. During the 12th, 13th, and 14th cen-

turies it was divided among several principalities, which were in-

corporated with the great principality of Lithuania, and later were
annexed to Poland. Russia took possession of this country in

1793. In 1812 it was invaded by the army of Napoleon L
Minsk, the capital of the above province, is situated

on the Svisloch, a tributary of the Berezina, at the

junction of the Moscow and Warsaw and the Libau

and Kharkoff railways, 465 miles by rail west from

Moscow. It has 43,500 inhabitants, of whom one-third

are Jews of the poorest class ; the others are White
Russians, Poles, and Tartars (about 700). The manufac-

tures are few and insignificant. Since the introduction of

railways the commercial importance of the place, which

formerly was slight, has begun to increase.

Minsk is mentioned in Russian annals in the llth century under
the name of Myen'sk or Menesk. In 1066 and 1096 it was dsvas-

tated, first by Izyaslav and afterwards by Vladimir. It changed
rulers many times until the 13th century, when it becam-e a Lithu-

anian fief. In the 15th century it became part of Poland, but as late

as 1505 it was ravaged by Tartars, and in 1508 by Russians. In the

18th century it was taken several times by Swedes and Russians.

Russia annexed it in 1793. Napoleon I. took it iu 1812.

MINSTREL. The "minstrels," according to Bishop

Percy, "were an order of men in the Middle Ages who
united the arts of poetry and music, and sang verses to the

harp of their own composing, who appear to have accom-

panied their songs with mimicry and action, and to have

practised such various means of diverting as were much
admired in those rude times, and supplied the want of more

refined entertainments." This conception of the "minstrel

"

has been generally eiccepted in England ever since Percy

published his Reliques of Ancient Poetry, which he gave to

the world as the products of the genius of these anonymous

popular poets and harpers. The name has been fixed in

the language by the usage of romantic poets and novelists
;

Scott's " last minstrel " and Moore's " minstrel boy " were

minstrels in Percy's sense of the word. The imagination

was fascinated by this romantic figure, and the laborious

and soured antiquary Ritson argued in vain that nobody

before Bishop Percy had ever applied the word minstrel to

such an order of men, that no such order of men ever did

exist in mediaeval England, and that the historical English
" minstrels," so-called, were a much less gifted and respect-

able class, being really instrumental musicians, eithei

retainers or strollers.

The dispute between Ritson and Percy was partly a dis-

pute about a word, and partly a dispute about historical

facts; and there can be little doubt that Ritson was substan-

tially right in both respects. The romantic bishop trans-

ferred to the mediaeval English minstrel the social status

and brilliant gifts of the Anglo-Saxon gleoman or sc6p,'a.nd

the French troubadour in the flourishing period of Provencal

poetry. That the gleemen sang to the harp versesof their own
composing, that some of them travelled from court to court

as honoured guests, while others were important attached

court officials, and all received costly presents, Ls a well

attested historical fact. The household bard at Heorot in

the poem of Beowulf, a man who bore many things in mind

and found skilfully linked words to express them, was one

^of King Hrothgar's thanes ; the gleeman of the Traveller's

Song had visited all the tribal chiefs of Europe, and received

many precious gifts, rings and bracelets of gold. The

incidents in these poems may not be historic, but they

furnish indubitable testimony to the social position of the

gleeman in those days ; a successful gleeman was as much
honoured as a modern poet-laureate, and as richly rewarded

as a fashionable prima donna. Further, the strolling glee-

man of a humbler class seems to have been resi^ected as a

non-combatant ; this much we may infer from the stories

about Alfred and AnlafE having penetrated an enemy's

camp in the disguise of gleemen, whether these stories are

true or not, for otherwise they would not have been

invented. The position of poets and singers in Provence

from the llth to the 13th century is still clearer. The

classification of them by King Alphonso of Castile in 1273,

by which time honourable designations were getting mixed,

may help to determine the exact position of the English

"minstrel." There was first the lowest class, the bufos,

who strolled among the common people, singing ribald

songs, playing on instruments, showing feats of skill and

strength, exhibiting learned dogs and goats, and so forth

;

then the joglars or joculatores, who played, sang, recited,

conjured, men of versatile powers of entertainment, who
performed at the houses of the nobility, and were liberally

remunerated ; then the trobadors, or inventores, whose dis-

tinction it was to compose verses, whether or not they had

ffifScient executive faculty to sing or recite them.

If we compare these distinctions with Percy's definition

of the minstrel, we see that his minstrel would have corre-

sponded with t'hejoglar, who also wrote his O'mi songs and

recitations. Now in the palmy days of Provencal song

there were many professional joglars, such as Arnaut

Daniel or Perdigo, who stood high among the most brilliant

troubadours, and visited on terms of social equality -with

nobles and princes. But long before English became the

court language the fashion bad disappeared, and a new
division of functions had been developed. In Chaucer's

time the poet of society no longer sang his verses to harp

or fiddle, or amused his patrons with feats of legerdemain
j

the king's gestour (teller of gestes) discharged tlie profes-

sional duty of amusing with witty stories ; and the social

position of the joglar had very much sunk. Ritson was

perfectly right in saying that no English poet of any social

position was a professional reciter to the harp of verses of

his own composing. The Provencal joglar, travelling from

court to court, combined our modern functions of poet,

society journalist, entertainer, and musician. But about

the time when the word " minstrel " came to be applied to

him the English joglar was rapidly sinking or had already

sunk to the social position of the modern strolling mounte-

bank, travelling showman, or music-hall singer. And tht
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word minstrel had had a separate history before it became

synonymous (as in the CathoUcon Anglicum of 1483) with

ytstiailator, histrio, joculator, and other names for strolling

entertainers. Derived from the Low Latin ministralis, it

was originally applied to those retainers whose business it

was to play upon musical instruments for the entertainment

of their lords. In Chaucer's Squire's Tale, the " minstralles
"

play before King Cambuscan as he dines in state " biforn

liim at the bord deliciously," and the " loude uiinstralcye
"

precedes him when he rises and wHtbdraws to the orna-

meated chamber,

Tlicr as they somicn diucrse iiistrumcutz.

That it is Ijk an lieuen for to lieie

But even in Chaucer's time there were less respectable

musicians than those of the king's household—stroUing

musicians, players on trumpets, clarions, taborets, lutes,

rebecks, fiddles, and other instruments. These also were

kno\\'n by the generic name of minstrels, whether because

many of them had learnt their art in noble households

before they took to a vagabond life, or because the more

respectable of them affected to be in the service or under

the patronage of powerful nobles, as later on companies of

strolling players figured as the " servants " of distinguished

patrons. All the allusions to minstrels in literature from

Longland's time to Spenser's point to them as strolling

musicians. Some of them may have sung to the harp

verses of their own composing, and some of them may have

composed some of the ballads that-now charm u^^with thei?

fresh and simple art; but the profession of the "minstrel,"

properly so-called, was much less romantic than Bishop

Percy painted it. It was not merely " the bigots of the

iron time " that " called their harmless art a crime "; in a

repressive Act passed by Henry IV. they appear with
" westours, rymours, et antres vacabondes " among the

turbulent elements of the community.

In a passage in Malory's Morte Darthur, the worcT

minstrel is applied to a personage who comes much nearer

the ideal of the Proven(;al joglar. When Sir Dinadan

wished to infuriate Kingi ^lark, he composed a satirical

song, and gave it to Elyot a harper to sing through the

ootmtry, Tristram guaranteeing him against the conse-

quences. A\Tien King Mark took him to task for this, the

harper's answer was, " Wit you well I am a minstrel, and
I must do as I am commanded of these lords that I bear

the arms of." And because he was a minstrel King Mark
allowed him to go unharmed. . The service done by Elyot

the harper in the old romance is a good illustration of the

political function of the itinerant mediaeval Jon^^aior; but,

even he did not sing verses of his own composing, and he
was not a " minstrel " in the sense in which the word was
used by romantic poets after the publication of Perey's

Rdiqws. (w. M.)

MINT. The mint is the place where the coinage of a
country is manufactured, and whence it is issued by sovereign
authority, under special conditions and regulations. The
privilege of coining has in all ages and countries belonged
to the Sovereign, and has, in England at least, been rarely
delegated to any subject, and in any case in a restricted

form, the crown always reserving the right of determining
the standard, denomination, and design of the coins.

At a very early stage of civilization it was found
necessary to have some definite medium of exchange, in
order to avoid the great inconvenience arising from the
system of payment in kind, which was the primitive and
natural method. It was not long before metal came to be
used as such a medium, probably from its durability and
portabihty, and in the case of gold and silver on account of

their intrinsic value. The less liable the value of a metal
ia to change the better is it suited for a standard of value.

Though historians assure us that metals were foimd in

Britain at a very early period, there does not appear to be

any evidence that the mines were worked until consider

ably later than the time at which the use of metal as a

medium of exchange was introduced. It is probable there-

fore that the metals for exchange were imported into

Britain long before the native mines were developed.

The metals chiefly used were silver and brass, which

were at first simply exchanged by weight for commodities

of all kinds. As commercial transactions became more

numerous and more complicated, thi.^ system of payment

grew troublesome, and it was found convenient to divide

the mass of metal into small parts, which soon took the

form of rough coins. But the principle of payment by

weight was retained through^ many centuries, and is per:

petuated, though in name only, in the word " pound."

Records of attempts to organize the coinage of England

are found as far back as the Anglo-Saxon period, and it is

known that on the dissolution of the Heptarchy the mints

were regulated by laws framed in the witenagemot. The
first monarch who appears to have dealt successfully with

the organization of the coinage was Athelstan, who framed

laws for the regulation of the mints, and appointed officers

whose titles and duties are then first recorded. The only

officers connected with the coinage of whom mention is

found before this time are the " moneyers," who appear to

have been alone responsible for the manufacture of the coin

;

but it is probable that even then there existed some officer

who had authority over them. In early Saxon and Norman
times the number of moneyers was considerable, mints

being established in almost every important town, as might

be expected at a period when communication between

distant places was extremely difficult. They appear to have
been the officers who actually performed the work of

making the coin, the mint master in later times contracting

with them, at a high rate, for the work. They were respon-

sible for the purity, and perfection of the coins produced,

as appears from the fact that it was they who were
punished (as traitors) in the case of any deficiency in weight
or fineness. They had prescriptive rights in the coinage,

and in modern times (even so late as 1850) claimed to have
corporate privileges ; but it is clear, on the authority

of Kuding, that they never were a " corporation " separate

from other officers of the mint.i The number of mints
was greatly reduced after the Norman Conquest, but
continued to be considerable until the reign of Richard I.,

when the work of coining for the whole kingdom was con-

centrated in the mint in the Tower of London. Only one
provincial mint (Winchester) remained till a later date.

An important reorganization of the coinage took place

in 1325 under Edward 11., the regulations then framed for

the manufacture and issue of the coins forming the basis

of those stiU in force. The principal officers under these

regulations were—aiaster, warden, comptroller, king's assay
master, king's clerks, and cuneator. The office of cuneator
was one of great importance at a time when there existed

a multiplicity of mints, since he had the sole charge of all

the dies used not only at the mint in the Tower of London
but also in the provinces. He chose the engravers and
presented them to the barons of the exchequer in order
that they might take the oath of fidelity ; he superintended
their work, and was generally answerable for the perfection

of the dies before they were issued for use in the various
mints of the country. The office, which was hereditary,
ceased to exist when the provincial mints were suppressed.
In its place was instituted the office of clerk of the irons,

' Among the special privileges which they undoubtedly enjoyed was
exemption from local taxation, as appears in a writ of Henry III.,

which commands the mayor of London not to disturb them "by
exacting tallages contrary «o ^eir privileges.". Sometimes also house*
were allowed to theai rent free.



MINT 481

whose functions were more limited, and were not hereditary.

Tliid ollice was only recently abolished.

In the Middle Ages an important duty devolving on the

officers of the mint was the collection of the seigniorage

which was levied on the coining of money, not only for the

purpose of covering the expenses of minting, but also as a

source of revenue to the crown which the sovereign claimed

by virtue of his prerogative. In former times the collection

of the seigniorage was entrusted to the warden, who also

superintended the manufacture of the coins, so far as to

ensure the proper relations between the moneyers on the one
hand and the state on the other. He does not appear,

however, to have had any responsibility vnih regard to the

fineness and weight of the coins.

The king's assay master was specifiUy charged with all

matters relating to the accuracy of the standard. The officer

next in rank to him was the comptroller, who presented

annuaUy to the batons of the exchequer a report of all the

gold and silver money struck in the kingdom during the

year. These reports, which were always written upon
parchment, constitute the chief mint records. The king's

clerk exercised a general superintendence and kept an
account of all the mint transactions. As the work of the

mint became more extensive and more complicated, other

officers y«re added such as the surveyor of the meltings,

surveyor of the money presses, and many others.

The present arrangements vnih regard to the officers of

the mint were made in 1870, when several important changes

took place in the mint establishment. , Up to that time

there had been two controlling officers,—the master, who
in some instances was selected on account of distinguished

scientific attainments as in the cases of Sir John Herschel

and Professor Graham , and the deputy master and comp-
troller. A careful inquiry, however, having led to the

conclusion that the control of the mint might with advantage

be concentrated in the hands of a single officer of experience

in the conduct of public business, it was dBcided, on the

death of Professor Graham, to entrust the actual administra-

tion of the department to the deputy master,—the office

and title of master of the mint being held by the

chancellor of the exchequer for the time being, without

salary. At the same time the services of a scientific officer

were secured, by the appointment of a chemist of the mint.

The coining and die department and the melting depart-

ment were united under the name of the operative depart-

ment, and placed under a single superintendent. The
first deputy master appointed under the new regulations

was the Hon. C. W. Fremantle, C.B., to whom the public are

indebted for a series of Annual Jieports which have given a
new and increased interest to the subject of the coinage, and
may be said to constitute in themselves a mint literature.

The actual operations of coining in early times were few
In number and simple in character. The metals forming
the alloy were melted together in the proportion necessary

to bring them to the required standard, and the alloy thus
obtained was cast into bars, which were reduced by
hammering to the requisite thickness. They were then
cut with shears into pieces more or less regular in size and
form, roughly' annealed, and finally impressed . with the

prescribed device by a blow with a hammer.
The last-named appears to have been the only part of

the process which was performed with any great amount of

care. The blank piece was placed by the hand upon a die

fixed into a block of wood having a large heavy base to

resist the oscillation caused by the blow ; the die on which
was engraved the device for the reverse of the coin was
then placed upon the upper side of the blank and held by
means of a holder, round which was placed a roll of lead to

protect the hand of the operator while heavy blows were
struck with a hammer by an assistant workman. _ One of the

earliest improvements in coining was the introduction of a
tool in shape resembling a pair of tongs, the two dies being
placed one at the extremity of each leg. This avoided the
necessity of readjusting the dies between successive strokes
of the hammer, and ensured greater accuracy in the impres-
sion. It was long before the system of coining by hand was
superseded by the coining press, or mill, which, even after its

first introduction, was only very slowly adopttid. Several
attempts were made to introduce machinery for coining
before it was brought into active use, the objection to it

being its great expense. ' The mill and screw were finally

introduced into the mint under Charles II., when uianj
improvements were also made in the preliminary operations.

Steam-power was first ai)plied in 1^10, when the vacuum
screw-press was introduced. In IS.'JO Uhlhorn invented the

lever-press, which still remains in use.

The subject of the design on coins, besides being inter

esting both from an artistic and an historical point of view,
becomes very important when it is remembered that it is

the impression of the coin with the authorized device
which makes it legally current. The artistic merits of th6
design of the early Greek coins are well known, and prove
that the dies from which the coins were struck must have
been engraved with nmch skill and care. The form of the
coins before being stamped was at first merely that of

natural rounded nuggets of gold, or of the silver-gold alloy

known as eledrum. Such coined nuggets of gold are still

to be found among the hill tribes of India. Simple
nuggets were afterwards replaced by roughly-fashioned

masses like half buUets, a form which rendered it easy to

impart high relief to the obverse and comparatively low
relief to the reverse of the coins. The early British coins

'

had for their prototype the gold "stater" of Philip of

Macedon, but the design of this beautifully finished coin

was so roughly imitated by a succession of British copyists

that ultimately the wreath round the head of the monarch
alone survived, and that in a scarcely recognizable form.

It is not only in the early British coins that the influence

of classical art may be seen, for it is very evident in some
of the present day, the most notable instances being the

reverse of the bronze coinage, and the beautiful design of

St George and the dragon by Pistrucci, which is still used

as an alternative design for the sovereign. It has been

ascertained that the impressions on the reverse of very

early Greek coins were produced by the rough surface

of the anvil or the nail head on which they were 'placed,

while the obverse was struck with the die. A little latet

the device on the reverse of the coins was obtained by

placing the blank piece on small points of metal arranged

in geometrical forms which caused corresponding indenta^

tions on the coins when struck with the hammer. The
beauty and accuracy of design on coins gradually increased

as art and manual skill developed, and probably culminated

at the period of the Renaissance.

Although it has been the custom since the time of th^

Saxons to stamp coins with the head of the reigning

monarch, it does not appear that any attempt at actual por-

traiture was made in England until the reign of Henry VII.,

who, " about the eighteenth or nineteenth year of his reign,

did make a great alteration in the form of his coin, upon

which his head was now represented in profile, and with

a good resemblance of his other pictures."- Since then

much care seems to have been taken to stamp the coins

with a true likeness of the monarch. In most cases the

heads bear a striking resemblance to the portraits drawn

by the great artists of the respective periods, and were,

indeed, generally designed by artists of eminence. Some
of the Milan coinage of Louis XII. is said to have been

1 See Evans, Coins of the Ancient Britons.

C See Martin Folkes, Tables of Engl\th Silver and Qold Cava*.
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designed by Leonardo uit Vinci, and similar work is attri-

buted to Benvenuto Cellini.

In very early times the silver coins were equal in weight

and in tale, each penny weighing 24 grains or 1 penny-

weight. The amount now ilenominated a pound was a

pound weight of standard or sterling silver. This principle

was in fact, however, not strictly adhered to, the coins

frequently falling below the standard of weight. This

deviation may possibly have arisen from the imperfection

of the methods of manufacture, but Ruding {Annals of the

Coinage) considers it to have occurred from design, as the

deficiency in weight was sometimes made a source of profit.

The deviation from the standard weight permitted by law,

now called the " remedy," and anciently called the " shere,"

was taken advantage of to a large extent, so that the coins

suffered considerable diminution, particularly when, as

frequently happened, they were also " clipped " as soon as

they were issued. AVhen these coins were called in they

were taken by weight and not by tale, so that the posses-

sors suffered considerable loss. In later times the great

improvements in the method of manufacture made it easy

to attain far greater accuracy both of weight and fineness;

consequently the remedy permitted by law has been con-

siderably reduced, and the possibility of making a large

amount of profit by this means proportionally diminished, i

The seigniorage levied on the coining of money was not

a fixed rate, but varied considerably at different times, and
accrued from a deduction made from the bullion coined.

It was abolished by an Act of Charles II., which provided

that whoever brought sterling silver or standard gold to

the mint should receive in exchange an equal weight of

current coin, the expenses of coining being defrayed by
means of duties levied upon certain commodities of common
use. The seigniorage on silver was revived in the reign

of George HI., when that part of the Act of Charles II.

which related to the coining of silver without charge was
repealed, and another Act was passed, requiring every

pound of silver to. be coined into sisty-six shillings instead

of sixty-two,—the four shillings realized on each pound of

silver by this depreciation of its value being handed over

to the master of the mint to defray the expenses of assay-

ing, loss, and manufacture. AJa Act of William IV".

required the seigniorage on the silver coinage to be paid

to the credit of the Consolidated Fund, and the charges of

the mint to be brought annually before parliament. Against
the profit derived by the state from this source must be
placed the expense of maintaining the silver coinage in a
condition fit for circulation by frequently withdrawing,
recoining, and reissuing the silver coins. A vote of

£15,000 is annually taken in the mint estimates for the
loss on the recoinage of silver.

In former times the work of the mint was performed by
contract, the mint master undertaking the manufacture of
the coinage at a stated price, and paying the moneyers
and other officers and workmen under him at a fixed tari'J.

The agreement made between the crowa and the mint
master, called the "master's indenture," was sometimes
purposely kept secret. This system appears to have pre-

vailed from the reign of Edward I., when an agreement
was entered into between the king and the first master of

the mint (appointed about 1279). Under this agreement

' Two notable instances are recorded of the use that has been made
at various times of tho shore, or remedy, as a means of profit, one
being in the reign of Queen Elizabeth, when Lonison, then master of
the mint, finding the allowance made him under his contract was in-

sufficient to cover the eipcnsea of coining, availed himself of tho
remedy on tho silver coinage, amounting to OJd. in the pound troy.

Tho other occurred at the time of the great recoinage of silver in the
reign of William III., when tho profit of tho shcro amounted to 3d.
per pound weight, or rather moi« than 8s. in every hundred pounds
of money.

an allowance was secured to the master to cover ail the ex.

penses of coinage. Although the master of the mint ceased

to be a contractor, the arrangement with the managers con-

tinued in force up to 1851.

The work of coinage was transferred in 1810 from the

Tower of London, where it had been carried on for many
centuries, to the present Mint on Tower Hill, not far from

the Bank of England. The head of the department, as has

already been stated, is the chancellor of the exchequer for

the time being, who is ex officio master of the mint,—the

practical direction of the work being placed in the hands
of a permanent officer, the deputy master, who is responsible

for its due performance. From the English mint is supplied

the coinage for the whole of the British empire, including

the colonies, with the exception of Australia ; the latter

and the East Indies are supplied from branch mints estab-

lished at Sydney and Melbourne, and the mints of Calcutta

and Bombay. In addition to the gold, silver, and bronze

coins current in the United Kingdom, the English mint
strikes gold coins of the value of two doUars for New-
foundland ; silver coins of the value of fifty, twenty-five,

twenty, ten, and five cents respectively for Newfoundlami
and Canada ; bronze pence and halfpence of special design

for Jersey, and nickel pence, halfpence, and farthings for

the West Indies. The number of coins of each separate

denomination issued varies considerably in different years,

the demand for special denominations of- coin naturally

determining the supply.

The following table (from official sources) shows the value of the
gold and silver coins issued during the ten years 1871-81. The
total value of the bronze coin issued in the same period is £112,890.

Date.
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Denomination of Coin.

aoid—
Five pound
Two pound
Sovevtign
Half-sovereign

Stiver—
Crown
Half-crown
Florin...

Shilling

Sixpence
Groat or fourpence..
Threepence
Twopence
Penny

Bronze—
Penny ^

Halfpenny
Farthing

Standard Weight.

Imperial
Weight.
Grains.

616-37239
24G-54S95
123-27447

61-C3723

436-36363
218-18181
174-54545
87-27272
43-63636
29-09090
21-81818
14-54545
7-27272

145-83333
87-00000
43-75000

Metric
Weight.

Gramraea.

3994028
15-97611
7-98806

399402

2S-2r590
14-13795
11-31036

565518
2-82769
1-88506

141379
0-94253

047126

9-44984

6-6i;990

2-83495

Least Current Weight.

Imperial
Weight.
Grains,

612-50000
245-00000
122-50000

61-12500

Metric
Weight.
Grammes.

39-68935
15-87574
793787
3-96083

Standard Fineness.

) H fine gold, A (
( alloy; or miile- J
f simal fineness

J

) 91666. (

3J^ fine silver,

-^ alloy; or
niillcsimal

fineness
925.

Mixed metal:

—

copper, tin^ and
zinc.

Remedy Allowance.

Weight per Piece.

Imperial Metric
Grains. Grammes.

l-OOOOO
O-JOOOO
0-20000

o-ioooo

1-81818
0-90909
0-72727

0-363C3
0-18181
0-12121
0-09000
0-06060

003030

291666
1-75000
0-87500

0-06479
0-025it2

0-01290

000648

0-II781
0-05890
0-04712
0-0-2366

0-01178

000785
0-00589
0-00392
0-00196

0-18899

011339
0-05669

Millesimal

Fineness.

V 0-002

O-0O4

None.

The weight and fineness of the coins specified in this schedule
are according to what is pro-rided by the Act 56 Geo. III. c. 68,

that the gold coin of the United Kingdom of Great Britain and
Ireland should hold such weight and fineness as were prescribed in

the then existing mint indenture, that is to say, that there should
be nine hundred and thirty-four sovereigns and one ten-shilling

piece contained in 20 lb weight troy of standard gold, of the fine-

ness, at the trial of the same, of 22 carats fine gold and 2 carats of

alloy in the pound weight troy, and further, as regards silver coin,

that there should be sixty-six shillings in every pound troy of

standard silver of the fineness of 11 ounces 2 pennyweights of fine

silver and i8 pennyweights of alloy in every pound weight troy.

The present standard of fineness for gold, 22 parts fine or pure
gold and 2 parts of alloyed metal, was finally adopted in the reign

of Charles II., and has remained unchanged up to the. present
time. Before the passing "of the Act determining this standard
considerable changes had been made from time to time, the highest
degree of fineness having been reached in the reign of Henry 111.,

when the first gold coins were struck of the standard of 24 carats

pure gold. The standard of fineness for gold at some different

periods may be seen from the following table, which shows the
composition of some of the ancient gold trial plates, of which
portions are preserved in the Mint :

—

Date.
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supposed to be the weight of coin which could be manu-

factured in a day when the operations of coining were

performed by the hand. The journey weight of gold is

15 B) troy, coined into 701 sovereigns or 1402 half-

povereigns. The journey weight of silver is 60 lb

troy. From each journey weight a coin is taken and

deposited in the " pyx " or chest for the annual trial. This

is made by the freemen of the goldsmiths' company under

the direction of the crown in the presence of the queen's

remembrancer, who administers the oath to the jury and

presides over the proceedings. The coins selected for trial

are compared with pieces cut from trial plates of standard

fineness, which are in the keeping of the warden of the

standards, these pieces being assayed against the coins

under examination. If the coins are found to be of the

standard fineness and weight, within certain limits, a verdict

to that effect is drawn up by the jurors and presented to

the Treasury.

In consequence of the impossibility of ensuring an abso-

lutely exact admixture of metals in coining, it has been

found necessary at all times to allow to the mint master

a certain margin, or " remedy," within which coins may
vary in weight and fineness from the fixed standard and

still be considered of the cujrent standard. The remedy
of fineness for English gold coin is now fixed at 2 parts

per 1000. The great importance of maintaining the

standard of fineness for gold will be evident when it is

stated that the variation of -j?;; of a millifeme (or thousandth

part) above or below the standard causes a gain or loss

ol £100 in every million sterling. Gold coins would
be within the remedy of fineness permitted by law if

the amoimt of precious metal contained in them varied

ftxjm 914'6 to 918'6 parts in 1000; and, although this

remedy catmot be considered to be more than would
meet occasional and unavoidable deviation from the exact

standard, still, in the case of gold, but a very small part of'

the remedy of /fineness is actually used, the coins seldom
falling below 916'3 parts of gold in 1000, or rising above
91 7

'0, *lule the mean composition of many millions of

coins issued from the mint is often of the precise legal

standard, 916"66. The remedy of fineness for silver coin,

which appears to have been always greater than that for

gold coin, is 4 parts per 1000. The remedy of weight
for gold is 1-6 per 1000 parts, that for silver. 4-17, and
that for bronze 20. E.xtreme care is taken to prevent the

issue from the mint of any coins that exceed these permitted
variations in weight and standard, each coin being weighed
separately, and all those found to be above or below the
standard being returned to the melting-house.

Since the real value of the gold coinage is the same as
its DomimJ value, it is of the first importanco that gold
coins which are below the standard weight should not be
allowed to circulate, otherwise holders of large quantities
of gold coin are liable to considerable loss. After a certain
amount of wear a gold coin in passing from hand to hand
loses weight and becomes legally uncurrent. By the Coinage
Act it is made compulsory for every person to "cut, break,
or deface "' any coin tendered to him- in payment which is

below the current weight, the person tendering it bearmg
the loss ; bu^ as no penalty is imposed for disregard of this
obligation, the law is practically without effect. The
withdrawal of light coin from circulation was formerly
accomplished solely by the Bank of Enjjland, the mint
regulations making provision for the receipt of gold tendered
for coinage only in the form of bars. The bank undertook
to purchase the light gold from the public at the rate of
£3, 17s. 6id an ounce, a price which, as compared with
the mint vahie of £3, 178. lOid., entailed a loss of no less
than 4d. an ounce on the seller. This loss was occasioned
chiefly by the circumstance that the bank, being obliged

before sending the light gold to the mint for recoinage to

melt, assay, and cast it into bars, found it necessary to

deduct the sum of 2id. an ounce from the rate of £3, ITs.

9d. an ounce at which it was allowed by statute to purchase

gold for coinage, in order to cover the expense of these

operations and the loss incident fo them. The heavy loss

in price, added to that from deficient weight, occasioned

constant disregard of the law requiring all light coin to bo

cut or defaced, and consequently a large amount of light

gold continued to be circulated. After the passing of the

Coinage Act in 1870, accordingly, fresh regulations were

made, by which the mint authorities undertook to receive

light gold coin for recoinage, returning to the importer the

fullmint valuoof £3, 17s. lOJd. an ounce, thus reducing the

loss to that arising from deficiency of weight only. As the

Bank of England was enabled by these regulations to raise

its price for light gold to the rate of £3, 17s. 9d., the same

rate at which it is bound to purchase ingots of standard

gold, greater inducements were offered to the public to send

in light gold for recoinage, and its withdrawal from

circulation was in consequence greatly facilitated. It is

evident, however, that, as the deficiency in weight must
entail some loss on the holders pf light gold coin, they will

be disposed to keep it in circulation as long as possible ;

consequently only a small proportion of the light gold

received by bankers finds its way to the Bank of England
and thence to the mint for recoinage. The result of some
careful experiments made by the late Mr Stanley Jevons,

and published by him in the Journal of (he StaXisticat Society

(vol. xxxi. p. 426), showed that a sovereign becomes so

light as to be legally uncurrent at the end of eighteen years.

The last state measure taken for the withdrawal of light

gold coin from circulation was the issue of a royal pro-

clamation- in 1842 calling attention to the laws and
regulations relating to light gold coin, and instructing

those persons whose duty it was to enforce them to see

that they were carried out. From the beginning of July

1842 to the end of March 1845 £14,000,000 in light

gold coin was withdrawn from circulation and recoined.

This amount was estimated to represent 95 per cent, of the

whole of the light gold then in circulation. In order to

facilitate this withdrawal the Treasury had in June 1842
entered into arrangements with the Bank of England by
which the bank was enabled to purchase light gold on
behalf of the Government, at the full mint value of £3, 17s.

lOid. an ounce. Light coin, however, continued to be
sent into the bank for some time after it had reverted to

its original rate of payment for light gold, i.e., £3, 17s. 6 id.

an ounce. The expense to the state of this withdrawal,

including the expenses of recoinage, was £67,816. As no
important withdrawal of worn gold coin has occurred since

that time, it is evident that a large amount of light gold

must be at the present time in circulation, and that the

loss in weight must be considerably greater than that of

the coins withdrawn in 1842, the oldest of which were not

mote than twenty-five years old, the first issue having taken

place in 1817. It has been proved by experiment that the

average loss of weight in worn sovereigns and half-sovereigns

now in circulation is about 3d. in each sovereign, and that

the deficiency in fineness of a large proportion of the coin

amounts to about £400 per million. This deficiency arises

from the trial plate of 1829, which determined the standard

of a portion of the coins still in circulation, being itself

below the legal standard. Taking the gold circulation at

£100,000,000, of which about 60 per cent, is light, it is

estimated that the amount to be recoined cannot be less

than £50,000,000, on which the loss from deficiency of

gold, both in weight and fineness, must be reckoned at about

£650,000, independent of the expenses of recoinage.

la the case of the silver coinage, the loss consequent on the
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trithdiaT'al and recoinage oi silver money is now covered
by the seigniorage arising from the difference between the

real and the nominal value of the coins. Before the adop-

tion of gold as the sole standard of value, the conditions

attending the %vithdrawal and recoinage of silver were much
the same as those for gold. In the period between the reign

of Charles II. and the accession of William III. the

condition of the silver coinage became so unsatisfactory as

to demand the attention of parliament. A recommendation
made at the suggestion of Sir Isaac Newton for a recoinage

of silver was at first strenuously opposed, but was finally

adopted. In the course of the discussion the question of

raising the standard of weight and fineness arose, and this

important change would probably have been made but for

the representations of Locke, who warmly took up the

question and convinced the Government of the desirability

of preserving the established standard. In the great

recoinage of silver, the loss arising from clipped and defaced

coin was borne by the public, the money being raised by
means of a special tax on glass windows. The silver

reissued at this time amounted to £7,000,000, and the

tax raised to cover loss and the expenses of coinage to

£1,200,000. The work of this recoinage was so great that

the resources of the mint in London were found to be
unequal to the pressure put upon them, and therefore

mints were either revived or established for the first time

in a few of the large provincial towns. In addition to

this ten furnaces were erected behind the Treasury at

^Vllitehall to melt down the old pieces. By these means
the renovation of the silver coinage was completed within

the year. The new silver coins then issued were the first

which had milled edges, the milling having been introduced

in order to prevent clipping.

The mode in which the silver currency is distributed throughout
the kingdom is explained by the late llr Georpe Forbes, cashier of

the Bank of England, as follows :

—

Every banker iu the kingdom has a banker who is nis agent in

London. Every London banker has au account with the Bank of

England. In the Bank of England there is a department devoted

to the issue and receipt of silver coin. If in a district there is a
deficiency of silver currency, the bankers of the district are the first

to find it out They at once WTite to their London agents, who
draw on their account with the Bank of England, and obtain what
silver is required, which they send to the country banker. On the

other hand, if there is a surplus of silver in a district it accumulatea

in the coffers of the local bankers, who send it up to their London
agents, and they send it into the Bank of England. If there is a,

feneral demand for silver currency, the stock which the Bank of

rUgland endeavours to keep on ''and becomes unduly diminished,

and immediate notice of the fact is conveyed to the mint authorities,

who proceed with all convenient speed to coin a supply of florins,

«hilUngs, sixpences, or of all of these coins, as the nature of tho

demand may require.

Gold bullion for coinage is suppiiea to tne mint almost

entirely by the Bank of England, the bank being bound

by law to purchase at the rate of £3, 17s. 9d. an ounce

any gold bullion of the legal standard wjich the public

may bring for sale. Private individuals are permitted to

bring bullion to the mint, and to receive back the full

amount (at £3,. 17s. lOid. an ounce) converted into coin,

free of any charge for loss or manufacture ; but, as they are

subject to considerable delay, aU " importations " of bullion

being converted into coin in the order in which they are

brought to the mint, the public practically prefer to sell

their bullion to the bank, and receive its value without

delay. In order to be accepted by the bank, the bullion

must be cast into ingots and assayed, a guarantee being

given by certain recognized assayers that the gold is of a

certain standard fineness. This is known as the " trade

assay." When the bank requires gold to be struck, due

notice is sent to the deputy master, and on a fixed day

the bullion is conveyed to the mint and delivered into his

•f^ustody. It arrives in the form of ingots, each weighing

about ^00 ounces, tlie aggregate value oi each importa-

tion being about £144,000. Wheu the ingots arrive at

the mint a small sample is taken from each and assayed,'

the result being sent to the authorities of the bank in

order that it may be compared with that of the trade

assay. If the bank authorities find that the two assays

agree, within certain limits, as to weight and fineness, the

ingots are immediately sent to the operative department of

the mint to be converted into coin. The mint assay afforda

the basis for calculating the amount of copper, the alloying

metal, that must be melted with the gold in order to produce

the standard prescribed by law. The case of silver is

somewhat different, the bullion being purchased by the

department at its market value, which varies from year to

year. During the ten years ending 1881 the average price

of silver bullion sank graduaUy from 60^d. to 51f|d.
The silver bullion arrives at the mint in the form of ingots,

each of which weighs about 1000 ounces, the value of each

set of ingots varying considerably. The ingots, both of

gold and silver, are weighed on a balance capable of turn-

ing with 1 grain when loaded with 1200 ounces.

The operations of coining have undergone some slight

changes with the introduction of new machinery and the

increased extent of the Royal Mint, since the reconstruc-

tion of the operative department in 1881.^ The plan

(fig. 1) shows the present arrangement of the operative

department.

The operations employed in the manufacture of gold and
silver coin are as follows (incidental operations being

printed in smaller type) :—
I. Assaying the bullion.

EL Melting the meta'.

'fl)
Addition of the viLmount or copper necessary to form

the prescribed alloy
; (6) pouring the metal into moulds

30 as to form bars ; (c) dressing these bars to remove
rough edges and hollow ends

;
(rf) recovery of precious

metals from crucibles and "sweep."

tn. Assaying portions of metal cut fiom certain 'bars,

to ascertain whether sufficient accuracv has been attained

in the standard fineness.

rV. EoUing the bars into strips or "fillets."

Annealing the fillets (in some cases).

V. Adjusting the fillets by a final rolling, ana lu some

cases by the use of the drawbench.

Testing the fillets to ascertain whether they are of suffi-

cient accuracy as regards thickness.

VL Cutting out disks or blanks from the fillets.

Adjusting the blanks in weight (in some mints;.

VTL Edge-rolling the blanks to produce a raised rim.

Annealing the blanks and (in some cases) "blanching"

or " pickling" them in dilute acid.

VTTT, Coining, or stamping the device on the blanks, by

means of engraved steel dies.

Milling tho edges of '
-"" or (in some cases) im-

pressing a device, inscription, or ornament upon them.

IX. Weighing each coin, usually by the aid of automatic

machinery.

X. Assaying and weighing pieces taken from the

finished coin before it is issued to the public.

The foregoing list will make it clear that the operations

of minting consist, not simply in the mechanical production

of accvurately adjusted disks of metal the purity alone of

' The assays are conducted in the manner already described in th»

articles Assatiko and Gold.
2 In order to proride a stock of silver coin during the temporary

suspension of the work of the mint, a large coinage of silver was issued,

and 50 tons of bronze coins were mafufactuxed by contract in the

autumn of 1881. The governor of the Bank of Eoijland bad previously

reported that the stock of gold coin held by the bank was abnormally

large, and that no inconvenience would arise "if the mint were to cease

coining sovereiffns and half-sovereigns for a period of six months or a

year or even more.''
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which has to be guaranteed, but in the formation of an

alloy composed of precious and base metals in definite pro-

portions. The accuracy of the " standard fineness " of the

alloy after melting must bo absolutely ascertained ; the

alloy must be protected during manufacture against a

change of standard, and finally its correctness must be

verified after it has been converted into coin.

The precious metals are weighed on entering the mint,

as well as during various stages in the manufacture of

coin. The finished coins are also weighed in bulk before

they are issued to the public.

The operations incidental to the coinage of bronze and

silver differ from those described in relation to gold in some

unimportant details only; and the weight and composition

of the bronze coins are not so carefully guarded as is the

case with gold and silver.

Subjoined are the details of the operations involved in

the conversion of bullion into coin at the British mint.

After being assayed and weighed in the manner already described

the bullion is taken to the melting-house, where the details of treat-

ment for silver and gold respectively differ somewhat. (The sub-

sequent operations are nearly identical for both metals.) The

silver melting-house (see 6g. 1) contains eight furnaces, of the

kind shown at A fig. 2, the part of the furnace containing the

crucibles being below the lids B, B. Crucibles of c^t iron were

formerly employed, but these were replaced in 1853 bv wrought

iron pots, which have since 1870 been in turn abandoned in favour

of crucibles made of a mixture of clay and graphite, each crucible

bein" ca|)able of containing about 3000 oz. Such crucibles are

very'gencrally adopted throughout the Indian and Continental

mints, but the form and dimensions given to them vary. The
fuel employed in England is coke, about 75 lb of which are re-

quired to melt 3000 oz. of standard silver. Sufficient draught is

afforded by the iiuo C and by a chimney about 35 'fet high which

communicates with it. The silver and copper are melted together

;

Pio. 1.—Eoyal Mint, Tower Hill, London. Plan showing the Operative Department as rearranged in 1881-82.

and before the metal is poured into moulds it is stirred with an
iroa rod having a flattened end. The surface of the molten metal is

covered with a layer of charcoal to prevent oxidation of the copper.

The crucible witn its contents is then removed from the furnace

by the aid of a crane and tongs \V, and is placed in a cradle JI,

which can be tilted by means of a handle D. By the interven-

tion of toothed wheels E, F, 0, II, and K acting on a rack the
handle turns the crucible on the fulcrum formed by a spindle,

80 that the contents of the crucible may be poured into the moulds
N mounted on a carriage OP, runuing "on rails Q, Q. The moulds
now in use ui London are of such dimensions as to enable bars to

be cast 12 inches long and | inch thick. The mdth of the bars

varies, according to tlio coin to bo produced, from IJ to 2| inches.

AVhen the metal has solidified iu the moulds it is removed, and
the bars aio trimmed by the aid of a revolving circular file, their

ends being cut off and returned to the melting pot. Portions of

metal are then cut from certain of the bars, and sent to the assay

department. The bars are weighed before they pass to the subso-

qnent operations of coinage, in order tnat the amount of metal re-

tained by the crucibles or carried into the flaes may be ascertained.

Gold bulUoD if ic<tlte>< In a similar wav, but the crucibles are

smaller, and contain only 1200 oz. Their contents are poured by
liand into moulds, one end of the tongs by which the crucible is

grasped being supported by a chain and suspended from tho roof.

'

In many Continental mints it is very generally the practice to

leave tlie crucible containing tho precious metals in the furnace,

and to pour the contents into the moulds by the aid of small ladles

of wrought iron lined with clay.

It has been pointed out in Gold (vol. x. p. 751) that minute
quantities of certain motals render standard gold extremely brittle

and unfit for coinage. If either the gold bullion or the copper
used as an alloying metal should be impure, brittle bars will be

tho result. Should this prove to be the case, the bars are re-

' A now form of furnace devised by M. A. Piat of Paris has recently

been introduced. In these furnaces the portion which contains the

crucible may be detached from the ilue, so as to admit of the molten

metal being poured into moulds without removing the crucible from
the incandescent fuel. Four of such furnaces have been fitted up in

the gold melting-house, but have not as yet been used for gold melt-

ing ; in the melting of silver and bronze, however,, they are known tO'

effect considerable economy in labour, fuel, and crucibles.
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melted and chlorine gas is passed through tha molten mass in the

manner described in Gold, vol. x. p. 750.

The engine-room (sho\vn in fig. 1) contains three 60-hor8e-

power veitical condensing engines, which are provided with Corlis

ralves, and are specially devised for meeting the constantly vary-

ing strain to which they are subjected by the machinery, the

jfhole of which they are capable of driving. The central engine

acts directly on either or both of the rolling rooms placed on each

side of the engine-house. There is, however, an additional 20-horse-

TX>wer compound beam engine usually employed, in connexion with

the pumps of a deep artesian well.

into one or other of these rooms the bars which have been cast

in the melting-house are brought, and are rolled into strips the

thickness of which depends on the kind of coins to be produced.

Gold is rolled in one room and silver or bronze in the other. The
details of manipulation involved in the conversion of gold, silver,

or bronze bai-s into coin, however, da not differ materially, and the

coinage of sovereigns will therefore be taken as typical.

Each room contains six pairs of rolls, the diameter oi the rolls

varying from 10 to 14 inches. Smaller diameters are employed in

most European mints, but on the other hand the use of very narrow

rolls of far larger diameter has often been suggested, and there

appears to be good ground for the belief that the rigidity of such

rolls would enable strips or fillets of more uniform thickness to be

Fio. 2.—Furnace Apparatus.

produced than is the case at present. The iron frame CC (ftg. 3) i«

firmly bolted to the stone D, which rests on a solid foundation EE.

This frame supports the two rolls A, B, the lower of which B
revolves, but is no^ like the upper, capable of adjustment in a ver-

FiQ. 3.—Rolls,

tical plane. The upper roU is centred in bearings, and may be raised

or lowered by means of screws connected with toothed wheels F, F,

which are turned by a handle G, both wheels being moved simulta-

neously by worms on the rod H. The bearings of the upper roll are

connected by vertical rods with weights below the level ol the floor

;

and, as it rises with the screws, it can thus be readily adjusted in a

line exactly parallel with the lower roll, at a sufficient distance

from it to admit the bar which is to be reduced to a strip or fillet.

The rolls are turned by the shaft NN, the main wheel M, and
the gearing K, L, 0, P. The sockets r by which the upper roll is

connected mth the gearing by the shaft I are not rigid, as is

the case with the shaft Q of the lower roll, but admit of the adjust-

ment of the roll. The portion of the roll used is determined by a

guide a little wider than the bar.' The rolls throughout this

department are driven at the rate of about 32 revolutions in a

minute. The iron frame CC is braced by rods a, s : and blocks

bearing the driving shafts are shown at h, le, p, p.

The initial thickness of a sovereign bar is | ths of an inch. The bars

are weighed out to the workmen in batches of about sixty bars,

an entire batch being passed through the rolls under precisely the

same conditions of adjustment. The bars are only slightly reduced

in width by repeated passages through the rolls, but are successively

reduced in thickness in the first stages of the rolling by j^jth of an

* In the second rolling room, shown In the plan on the lifiht or the engine-

house, the frames anU gearing of the rolls an: of newer pattern than those in the

first room. In some of ihe six pairs the bottom rolls rCTOlvcand drive the upper
ones. In the pair of " breaJdng-down " rolls In this room,—that is, the rcU by
which the fillets are first treated,—the upper roll Is stationary, the lower roll

alone revolving. The necessary •* bite " Is given to the flUet, when Its end is

introduced, by slightly turning the upper roll by means of a ratchet-wbeel OBd
lever.
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inch, wMtft in th» lawr Btages the rednction in thickness at each

passage through the rolls is less than ^Jith of an inch, and finally

one or two "spring pinches" are given to the bars by simply pass-

ing thfm through the rolls without altering the adjustment. The

testing of the fillets, to ascertain whether they arc of the accurate

thickness, is effected

by the aid of the gauge

plate (fig. 4), which
consists of two steel

bars set at a low aoglo

in relation to each

t:^^oF:'Zt Fto.4._Gauge Plate.

It will be evident that the weight of the finished coin depends upon

the thickness of the fillets ; and to show how accurately the rolling

must be performed it may be pointed out that, in the case of the

half-sovereign, a variation of aninoth of an inch above or below the

accurate thickness (or a range of rrlni'li of an inch) throws the

coin out of " r«mcdy."

The repeated passage through the rolls is attended by a consider-

able increase of hardness in tlie metal, and it is therefore in some

cases necessary to anneal the fillets repeatedly during the rolling.

In the case of fiUets for sovereigns the annealing may be entirely

dispensed with if the initial thickness of the bars does not exceed

Iths of an inch. Fillets for half-sovereigns have only to be annealed

one- In some European mints the fillets are annealed frequently
;

in one mint the operation is performed after each passage through

the rolls. The furnace used for the purpose is generally so arranged

as to permit the fiarae to play over the fillets, which are sometimes

freely exiiosed to its action, but are more often enclosed in cases or

tubes. Muffle furnaces are frequently used. The furnace used in

the Royal Mint is a simple form of reverbcratory furnace. The

final rolling is given by a pair of finishing roUs capable of more

accurate adjustment than the "breaking-down " rolls.

The fillets of gold or silver are in some cases, though not always,

submitted to an appliance known as the drag bench, shown in

figs. 5, 6, 7. Its object is to equalize the thickness of the fillets by

drawing them between steel cylinders. The ends of the fillets are

ff^ c3 Hi

Figs. 5, 6, 7.—Drag Bench.

first flattened in a little appliance, which need not be described.

The essential feature of the

machine now used in the

mint consists of two small
6t«el cylinders A, A, which
do not revolve, and are

held in position in the

flates D, U by clamp pieces

, F screwed against them.
The portions of metal may
be a^'usted by the aid of

a wheel and screw H (figs.

6, 7), and by small ad-

justing screws /, /. The
part of the machine con-

taining the steel cylinders

is fixed at the end of a
long bench, and gearing at

the other end of this bench
drives an endless chain BB
(fig. 6), one link or other of

which catches the carriage,

shown in plan in fig. 5, and
drags it along as soon as

its end / is depressed by
the handle r. The carnage
runs on the wheels d, d.

The drawing of the fillet

C is conducted as foUows.

Its flattened end is intro-

duced between the steel

cylinders, and is grasped
by the jaws a. The jaws
turn on the pin c, and while
the fillet is being dragged
through the cylinders the
axleof the wheels <2, (2 tends »». « ^ . ,

to increase the grip of the "°- 8.-Cuttmg Machine,

jaws by acting on their inclined ends. Directly the strain on the

fillet is released, the pins i, i and the weight h loosen tha jaws and
at the same time raise the end of the carriage so as to an-est its

further progress along the bench. The carriage is then moved
forward by the handle s until the jaws enter the hollowed portion

N and grasp another fillet.

Formerly—when fiUets were rolled from thick bars—this appliance

played a more important part in coining operations than at present.

It is now only used for fillets from which sovereigns and half-

sovereigns are to be produced. Before fillets are passed on to the next
operation—that of cutting from them the disks or blaiiks destined

to form the coin—they are carefully tested by a skilful workman
called the "trj-er," who cuts one or two blanks from the sides of TrTing,

each fillet by tlie aid of a cutter worked by hand. These blanks
are weighed on a delicate balance against a standard weight, and
the experience of the operator enables him to determine whether the
variation from the exact weight will justify his sending the fillets for-

ward to the cutting room. In any case he divides the fillets into

two or more classes for a reason that will be explained presently.

The cutters employed in the mint until quite recently were ol

complicated construction, but these have been replaced by a simple
machine (fig. 8) which, by the revolution of an excentric A, causes
two short steel cylinders, mounted on a block of iron B suitably
guided, to enter two holes firmly fi.xed in a plate on the bed of the
machine. When the fillet FF is ^- r^r^r^r^r^r^r^
interposed between the short cylin- ^ OOOCJOwW
dors and the holes, the former force f (3OOOOO
disks of metal through the boles,

the fillet being advanced at each 8- **•

stroke of the machine by small gripping rolls C, C, C" actuated by a

ratchet-wheel E, driven from the shaft which bears the excentric A.
The disks pass down the tube G to a receptacle placed on the floor.

In the case of very large silver coins, only one disk is cut in the
width of the fillet, and in some few mints disks for gold coin are

also cut in this way, but it is far more usual to cut two disks in

the width of the fillet, the position of the cutters being so arranged
as to remove blanks in the manner shown in fig. 9. In cutting
disks for bronze coin extreme precision is not necessary, and it has
therefore been found possible to obtain five at each stroke of the
machine.
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It will be evident that the rough classification of the fillets

according to their thickness, to which reference has already been
made, renders it easy to compensate for slight irregularities in thick-

ness caused by roUing, by employing cutters of a slightly larger

diameter Vhan the standard size for fillets which are too thin.

The fillets after the removal of the disks present the perforated

appearance shown in fig. 9. The residual metal, called "scissel,"

wmch amounts to from 25 to 30 per cent, of the metal operated upon,
is returned to the melting-house in bundles weighing ISO oz. It

may be mentioned here that all attempts to cut disks or blanks for

coinage from the ends of rods or cylinders, and thus to avoid the
production of scissel, have hitherto failed.

The next operation to which the blanks are submitted varies In

different mints. In some, each blank is weighed by hand or by
automatic machinery, and each blank that is too heavy is adjusted

either to an exact weight or to within the remedy prescribed by
law. On the Continent it is very generally the practice to adjust

blanks by the aid of a file, or by a machine that removes a fine

shaving of metal from the surface of the blank. In mints where
mechanical adjustment is adopted there is a tendency to produce
" too heavy " blanks in the rolling and cutting departments, as it is

impossible to adjust blanks which are too light'

In the London mint finished coin alone is weighed, so that the
blanks after leaving the cutting room pass directly to an edge-rolling
machine, which thickens the edge of each blank'so as to form a rim
intended to protect the impression on the finished coin. The
operation of edge-rolling is called "marking," and the method of
conducting it varies considerably in different mints.

In the Royal Mint the blanks are made to pass in qnick succes-
sion, at the rate of six hundred a minute, between a circular groove
in the face of a revolving steel disk and a groove in a fixed block
placed parallel to the face of the revolving disk. The groove in
the block exactly corresponds to that on the disk ; and, as the
distance between the block and the disk is slightly less than
the diameter of the blank submitted to the operation, the result is

that before -the blank escapes from the machine its edge has been
thickened. The operation may bo varied by admitting the blanks
between a groove in the periphery of a revolving wheel and a groove
in a segmented block, placed at a distance from the wheel rather
less than the diameter of the blank. The wheel and block may be
either vertical or horizontal.

In some cases the edges of the blanks, at the same time that they
are thickened, receive the impression of a legend, or inscriptio-i, or
an ornamental device. 'When this is the case the blank 'is rolled

Fig. 10.

between two planes, one of which is fixed and bears the device,

while the other has a reciprocating motion imparted to it, or the

edge of the blank receives the impression, which may be either raised

* A description of a machine used for the adjastment of blanks will be found

In Dingler's PolytechnUckes Journal n882, ccxlv. 61, pi. C); and some years ago

Mr J. M. Napier devised for the Indian mints a beautiful machine which fijst

ascertains how much It Is necessary to cut from each blank In order to reduce It

to the standard weight, and then removes tho necos-ary am'mnt of metal and

no mf^re. The Initial cost of such machinery, however. Is considerable. In 1843

Jl. L-^TCCk, director of the mint In Paris, endeavoured to substitute a chemical

for a mechanical treatment by submitting the heavy gold blanks to aqua regia,

which It was anticipated would bring them within the prescribed limits of

accuracy. The results were not satisfactory, and the attempt was abandoned.

In 1870 the present chemist ef the mint, Pi-ofessor W. Chandler Roberts, showed

that gold alloyed with copper might bo removed from heavy bhmks with singular

regularity by means of a suitable solvent aided by a battery. The blanks arc

arranged \a a frame of wood and submitted to the action (jf a solution of cyanide

of potassium, the heavy blanks forming the dissolving pole of the battery. The
process was not used In the London mint, as It became evident that It conld not

profitably replace the present system, under which finished coins alone are

weighed and the manufacture of good coin only la paid for. It was, however,

introduced Into tho liombay mint In 1870 by tho tato Sir L. G. Hlnes, who
extended Ita usefulness by transfeiTing tho metiU dissolved from tho heavy

blanks to blanks which are too light, the latter being by this means raised to tho

prescribed weight. The process has now fairly taken Its place as an ordinary

operation of coining, and Its importance to the mints where It Is used may be

^thered from the fact that in the Indian mlnta no lees than 1300 tons of sliver

were converted into coin In one year (1879), so that the Mviug effected by Its

tDtroductlQiLJiiast be cooaiderable.

Fig. 11.

or sunk, from a collar surrounding tlie blank in the coining press, as

will be afterwards explained.

Befori, passing to the coining press the blanks either of gold or

silver are annealed. In many mints the object of the heatin^ is

not only to soften the blanks before they receive the impression, biit

also to produce a film of oxide of copper on their surface This is

attained in various ways. In England gold blanks are placed in

cylindrical crucibles of plumbago and covered with a layer of char-

coal, heated in a reverberatory furnace, and when the blanks reach

cherry-redness they are cooled by plunging them in water. The

thin film of oxide of copper thus fonned on the surface of the gold

or silver blanks is readily soluble in dilute sulphuric acid, and the

removal of a smaU portion of the alloying metal in this way con-

stitutes "blanching" or "pickling" the coin. The method of

conducting the operation varies somewhat in different mmts,

mainly, however, in the strenrth of the acid used, which varies from

Z° to 5" of tho hydrometer of Baum^. The solution is sometimes

heated to 96° to 98° C, while in other cases the blanks are intro-

duced into the solution while at a red heat. The latter method is,^

however, objectionable, as a dense layer of pure metal is found at the-

surface of the blank which is apt to'nrotect the underlying oxide of

copper from the action of the acid. The blanks are afterwards

washed in pure water and dried either in sawdust or in copper

vessels heated by steam jackets. The object of the process is to
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Improve the appearance of the Bnished coin by remormg all traces

of impurity from the surface of the blank. It has, however, been

abandoned in the British mint except in the case of some of the

8ni:Jler silver coins, mainly because the soft superBcml layer of

metal wears away with undue rapidity. Certain precautions

suggested in 1869 bv Jlr HUl, the superintendent of the operative

department, for avoiding oxidation or tarnishing of the mcUl

daring coinage rendered the abolition of tha process possible.

The blanks receive the impression wliich constitutes them coins

from engraved dies. Each is placed in the lower of two dies, and

the upper die is brought forcibly down upon it. The lateral escape

of the metal is prevented by a collar which surrounds the blank

while it is being struck. This collar may be either plain or

engraved, and if the latter is the case any device or ornament it

may bear will be imparted to the edge of the blank. ,..,,.
The coining presses used iu various mints may be divided into

three types :—(1) the screw press worked by atmosoheric pressure,

(2) the 'excentric press, and (3) the lever press. Jhe first of these

(see Ency. Brit., 8th ed., vol. vii. p. 92) has now been abandoned.

In the excentric press the power is applied to a shaft bearing an

eicontric which acts by means of a connecting rod upon a verti-

cal slide holding the die which is brought down on the blank. This

form of press is used in the mint at Constantinople, where the atmo-

spheric screw press is also still retained. Of the third type, the

lever press, there are t»vo modifications, devised respectively by

Thonnelier and by IJhlhorn. The details of the Uhlhorn press have

been improved by Messrs R. Heaton & Sons of Birmingham ; and,

their superiority to the old vacuum screw press having been demon-

strated Dy careful experiments, they have been finally adopted in

the newly arranged mint, which contains fourteen of them. This

press is shown in figs. 10 and 11. It is driven from below the

fioor of the press-room by bands which pass over fast and loose

pulleys on the same shaft that bears the fly-wheel. The loose

pulley, however, is only used when it is necessary to stop the

machine entirely, as the fly-wheel is permitted to revolve without

Imparting motion to the shaft so long as a lever M, worked from

the front of the machine, does not cause the fly-wheel to be con-

nected with the driving wheel by means of t»vo pins. The dies are

placed in the front part of the machine (fi". 10). . The lower one is

firmly fixed to the bed, while the upper is lield at A by the upper of

two jaws F and A', or levers, the fulcra of which are so close together

as almost to coincide, the lower jaw A' bearing the collar which
encircles the blank while it is being converted into a coin ; the

lipper jaw F, A, governed by the weighted lever H shown below the

bed of the machine, has a tendency to rise a sufficient distance

to admit. the blank between the upper and lower die. A crank B
on the shaft bearing the fly-wheel is connected by a rod C with
the bent lever D, and this bent lover, acting through the toggle

joint and a piece of metal E connected with the jaw that bears the

Fig. 12.

tipper die, forces it down, and thus squeezes the blank between the
upper and lowSr dies. A cam on the crank shaft acting on the
lower of the two lovers G shown. below the bed of the machine causes
the lower jaw A' bearing the collar which surroimded the blank
to be depressed sufficiently to leave the finished coin freely resting
on the lower die, from whence it is driven iovra the shoot K by the
next blank in succession. Coins are produced at rates varying from
60 to 120 a minute, 90 a minute giving the best results. The
blanks to be converted into coins are placed on the slide J, and the
advance of each blank in succession is regulated by the rod called
the " layer on " K, the backward and forward movement of which is

also regulated by an excentric on the crank shaft. The details of
this part of the machine are shown in plan, fig. 12.

The last operation before the finished coin is returned to the mint
office for issue to the public is the weighing each gold or silver piece
separately. This is effected in the American and in most Continental

mints by hand, but in England automatic balances of beautiful

construction are employed. They were originally devised for

separating worn pieces from those of current weight, but they are now

employed to distinguish between, "light," "heavy," and "good"

pieces, the latter alone being permitted to pass into circulation. In

the newly arranged department thirty such m.ichines are provided.

Each is driven from overhead shafting by moans of gut lines. The

driving pulleys derive their motion from a small atmospheric

engine, which is found to give more satisfactory results than would

be the' case if the steam-engine were employed directly. Each

balance is worked by a cone pulley A (fig. 13) by a gut Une

passing round it from the 4oose pulleys B, the necessary ten-

sion being imparted to the line by means of a spring C. The

tension of the line is, however, but slight, for if the action of

the balance is arrested by accident the cord slides over the cone

pulley A without turning it If will be obvious that the use of

the cone pulley enables the machine to be driven with varying

degrees of speed. The toothed wheel D is mounted on the spindle

which bears the driving pulley A, but it acts only through the

intervention of a friction cheek, which is so lightly screwed against

the driving wheel that it would cease to act it the machine should

bo accidentally deranged. The wheel D sets in motion tlie wheels

E, E', E". The cam F, acting on the curved extremity of the rocking

frame G, causes the slide H to bring forward one of a series of coins

(arranged in the hopper I) until it rests on the plate J of the balance

beam, 9f which beam a portion is shown in an enlarged -di-awing

abovethe balance, whUethe plate that receives the coin is also shown

in a separate drawing to the left of the machine. Another cam;K
then comes into play, and enables thc_ forceps, shown at L, to release

the rod M to which the balance plate J is attached. The forceps L
serves to keep the rod steady while the coin is being placed on the

plate J. A rod shown at N is then raised by the cam 0, the lower

extremity of the rod being kept steady by a pin sliding in a hole iu

the bottom plate of the balance, and its upper end by a pin which

works into tne central support of the balance beam. At the base

of this rod N, and at right angles to it, there is a metallic bar QQ,
the ends of which pass through stirrups in the pendants M and 1'

from the opposite ends of the beam. The elevation of this horizon-

tal rod by the cam simultaneously releases both ends of the beam,

and the coin placed on the beam plate has then, for the first time,

a direct influence on the beam. If the coin is "too light" the

counterpoise R in the cage at the end of the rod P will raise the

coin, and the revolution of the machine then causes part of the cam
-K to permit a spring to closed the forceps L and to hold the peudant

M firm. An indicating finger T then falls, and by means of a

horizontal lever UU', which fits into one of three inverted steps ou

the bottom of the shoot V, determines over which of three orifices

W,W,W" in the bottom plate of the balaiice this shoot shall stand.

In the meantime the advance of the slide H brings the next piece

forward, and displaces the coin which has hitherto occupied tl:e

beam plate J, forcing the coin do\vn the shoot V, and thence through
the orifice W into a receptacle, external to the balance, destined for

the reception of "light coin." If this next piece should be "too
heavy " it will not only raise the counterpoise R but will also elevate

a little wire S, which would otherwise remain undisturbed on a

support. This little wire represents the " working remedy " for

the particular denomination of coin in question, which, for safety,

is less by Troth of a grain than the remedy permitted by law. Tlie

undue weight of the " heavy coin " will depress the right end of the
balance beam and its pendant M to the lowest possible point, and
the indicating finger T wiU, in this case, determine that the rod

UU' shall occupy the lowest step of the shoot V, which will conse-

quently stand over the orifice W in the bottom plate of the balance
which communicates with the receptacle for the "heavy" coins,

and the heavy coin on the beam plate will be driven down the
shoot by the next coin in succession. If, the coin which is next
brought forward by the slide H should be a "good" one, that is,

if it is within the working "remedy," its action will be as follows.

It may be slightly heavier than the counterpoise, but not sufficiently

heavy to lift both the countei-poise and the remedy wire. The
balance beam consequently remains approximately horizontal, and
the indicating finger T will cause the rod UU' to stiike the centre
step of the shoot V, which will then stand over the central orificeW
in the bed plate which communicates with a receptacle for "good"
coins, into which the coin wiU find its way, as soon as it is driven
from the beam plate by the next coin of the series. It will be
evident that this excellent appliance both weighs and classifies the
coins. About twenty-three coins are passed through it in a minute.

In order to show the importance of extreme accuracy in weighing,
it may bo pointed out that, although by the Coinage Act of 1 870 the
" remedy

' or allowed variation above or below the standard weight
of a sovereign is only ^th of a grain, yet in a million sterling of
sovereigns the difference between the least and the greatest' weight
the law allows would be lio less than £3244.

Tlie manufacture of coin is not the only work which is

performed in the Royal Mint. All medals issued to the
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army and navy, as well as those given by tte Royal

Society and the university of London and some others,

are struck in the mint, and their preparation forms a

considerable part of the work of the die department.

Since 1874 the clasps and bars for the medals have also

been manufactured in the mint, whence they have been

issued completely mounted. Another operation, not con-

nected with the coinage, which is performed in the mini

is the assay of the " diet " or metal scraped from the gold
and silver plate mauufactured at Sheffield and Birmingham
under the direction of the warden of the standard of

wrought plate for those towns. By Act of Parliament it

is directed that this shall be brought once in each year to

the mint to be assayed by the " king's assay master,"
under the supervision of an ofScer appointed by the lords

of the Treasury.

Fio. 13.—Automatic Balanre.

J^e gold coin m circillation in Great Britain is esti-

mated at £100,000,000. It may be well to add the

following table,- which gives the value of the gold and
silver coinages of four of the most important foreign

countries, in two recent years :

—
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vated for its volatile oiL }f. pnUmsis belongs to a group

of mints which, unlike the foregoing, have the flowers

arranged in axillary whorls and never in terminal spikes

;

it otherwise bears some resemblance in foliage and habit

to J/, viridis. M. sativa, the Whorled Hairy Mint, grows

by damp roadsides, and jV. arvensis in cornfields ; they

are distinguished from J/, pralensis by their hairy stalked

leaves, which in ^f. arvensis are all equally large, but in

M. salim are much smaller towards the apex of the stem.

M. Pulegium, commonly known as Pennyroyal, more rarely

as Flea-mint, has small oval obtuse leaves and 'flowc-..- in

axillary whorls, and is remarkable for its creeping habit

and peculiar odour. It differs from all the mints above

described in the throat of the calyx being closed with hairs.

It is met with in damp places on grassy commons, and forms

a well-known domestic reinedy for female disorders.

All the plants of the genus 2[entka abound in a volatile

oil, which is contained in small receptacles having the

appearance of resinous dots ir. the leaves and stems. The
odour of the oil is similar in Si^veral species, but is not dis-

tinctive, the same odour occurring in varieties of distinct

species, while plants which cannot be distinguished by any

botanical character possess the same odour. Thus the

peppermint flavour is found in M. Piperita, in M. incana,

and in Chinese and Japanese varieties of J/, arvensis. Other

forms of the last-named species growing in Ceylon and Java

have the flavour of the common garden mint, M. viridis,

and the same odour is -found to a greater or less degree

in M. sylvestris, M. rotundifolia, and ^f. canadensis. A
bergamot scent is met with in a variety of M. aquatica and

in forms of other species. Most of the mints may be found

in blossom in August.

The name mint is also applied to plants of other genera,

Monarda punctata being called Horsemint, Pycnanthemum
lini/olium, Mountain Mint, and Nepeta Cataria, Catmint.

MINTO, Sir Gilbert Elliot, First Earl of (1751-

1814), was descended from an old border family, the

Elliots of Minto, and was born at Edinburgh, April 23,

1751. His father, Sir Gilbert Elliot, was a member of the

administration of Pitt and Grenville, and is spoken of by
Horace Walpole as " one of the ablest men in the House of

Commons." Young Elliot was educated by a private tutor,

vnih. whom at the age of twelve he went to Paris, where
David Hume, who was then secretary of the embassy,

undertook, from friendship to his father, the special charge

of superintending his studies. After spending the winters

of 1766 and 1767 at Edinburgh University, Elliot entered
Oxford. On quitting the university he becamo a member
of Lincoln's Inn, and was in 1774 called to the bar. He
entered parliament in 1776, the year of his father's death.
Although he gave a general support to Lord North's
administration, he from the beginning occupied an inde-
pendent position, and in 1782 supported the address of the
Commons against an offensive war with America. From
this time he became a declared follower of Fos and
Burke, wth the latter of whom he gradually came to be
on terms of great intimacy. He was created Baron Minto
in 1797, and after filling several diplomatic posts with great
success became in 1807 governor-general of India. The
character and events of his rule in India are described
in vol. xii. p. 805. He was created Earl of Minto and
Viscount Melgund in 1813. He returned to England iii

1814, and died on June 21st of that year.

See Life and Letters of Sir Gilbert Elliot, first Earl of Minto
from 175110 1806, 1874 : and Life and LdUrs, 1807-14, 1880. See
also MlRABEAU.

MINUCIUS FELIX, Marcus, one of the earliest, if not
the earliest, of the Latin apologists for Christianity. Of
liis personal history nothing is known, and even the date
at which he wrote can be only approximately ascertained.

Jerome {De Vir. III., 58) speaks of him as "Romae

insignis causidicus," but in this he is probably only

improving on the expression of Lactantius {Inst. Div., v. 1)

who speaks of him as "non ignobilis inter causidicos loci."

He is now exclusively known by his Octavius, a dialogue

on Christianity between the pagan C:ecilius Natalis^ and

the Christian Octavius Januarius, a provincial solicitor,

the friend and fellow-student of the author. The scene is

pleasantly and graphically laid on the beach at Ostia on a

holiday afternoon, and the discussion is represented as

arising out of the homage paid by Ca;cilius, in passing, to

the image of Serapis. His arguments for paganism, which

proceed partly upon agnostic grounds, partly upon the

inexpediency of disturbing long-established religious beliefs,

partly upon the known want of culture in Christians, the

alleged indecency of their worship, and the inherent

absurdity of their doctrines, are taken up seriatim by

Octavius, with the result that the assailant is convinced,

postponing, however, the discussion of some things neces-

sary for perfect instruction to a future occasion. The form

of the dialogue, modelled on the De Ufatura Deorum and

De Divinatione of Cicero, shows much care and ability, and

its style is on the -whole both vigorous and elegant if at

times not exempt' from something of the affectations of the

age. If the doctrines of the Di\-ine unity, the resurrection,

and future rewards and punishments be left out of account,

the work has less the character of an exposition of

Christianity than of a philosophical and ethical polemic

against the absurdities of crass polytheism. Christology

and the other metaphysics of distinctively Christian

theology are entirely passed over, and the canonical

Scriptures are not quoted, hardly even aUuded to.

The Octavius is admittedly earlier than Cyprian's De Idolorum
Vaniiatc, which borrows from it ; how much earlier can be deter-

mined only by settling the relation in which it stands to Tertullian's

Apologcticum. The argument for the priority of Minucius has
been most exhaustively set forth by Ebert ("Tertullians Verhiilt-

niss zu Minucius FelLt," in voL v. of the philologico-historical

series in Ahhandl. d. Kiinig. Sachs. Gesellsch. dcr JVisscnschaftai,

1868), who has been followed by Teuffel {Rom. Lit., sec. 368), Keiir
{Celsiis' Wahres IVort, 1873), Kuhn, and other scholars. The
opposite view is ably maintained by Professor Salmon ("Minucius
Felix" in Smith's Diet. Christ. Biogr., 1882). The Octavius was
first printed (Rome, 1543) as the eighth book of Arnobius Adv.
Gciitcs ; Balduinus (Heidelberg, IpGO) first assigned it to its proper
author. There have been numerous subsequent editions, the best
being that of Halm in the Corp. Scriptor. Eccl. Lat. (Vienna, 1867).
See Kuhn's monograph, Der Octavius dcs Minucius Felix (1882),

MINUET (Fr. Menuet, from [pas] menus), a very grace-

ful kind of dance, consisting of a coupee, a high step, and
a balance. Its invention is universally ascribed to the
inhabitants of Poitou. The melody begins with the down,
beat, and contains three crotchets in a bar. The music is

made up of two strains, which, from being repeated, are

called reprises, each consisting of eight or more bars, but
very rarely of an odd number. Walther speaks of a minuet
in LuUy's opera of Poland, each strain of which contains
ten bars, the sectional number being five,—a circumstance
which renders it very difficult to be danced ; but Lully's

system of phrasing was remarkably irregular. Modern
instrumental composers have introduced into their sym-
phonies and quartetts, &c., minuets of rapid movement
and fanciful character, followed by supplementary strains
(called trios) in a different style. Some of these composi-
tions bear but very slight resemblance to the older forms ;
and many of them begin with the third beat in the bar.

The finest minuets we possess are those in Handel's Samson.
and Mozart's Don Giovanni.

MLRABEAU, Honore GA3ErEL Riqijeti, Comte de,
(1749-1791), one of the greatest statesmen and orators

' This nnme occurs in six inscriptions of the years 211-217 found at
Constantine (Cirta). North Africa (C. /. L., toI. viii.).
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France has ever produced, was born at Bignon, near

Nemours, on March 9, 1749. M. de Lomdnie has shown

that the family of Riquet or Kiqueti came originally from the

Jittle town of Digne, that they won wealth and municipal

honours as merchants at Marseilles, and that in 1570 Jean

Riqueti bought the chateau and estate of Mirabeau; which

had up to that time belonged to the great Provencal family

of Barras, and took the title of esquire a few years later.

In 1685 Honor6 Riqueti obtained the title of Marquis de

Mirabeau, and his son Jean Antoine brought honour to it.

He served with distinction through all the later campaigns

of the reign of Louis XIV., and especially distinguished

himself in 1705 at the battle of Cassano, where he was so

severely wounded in the neck that he had ever after to wear

a silver stock
;
yet he never rose above the rank of colonel,

owing to his eccentric habit of speaking unpleasant truths

to his superiors. On retiring from the service he married

Frangoise de Castellane, a remarkable woman, who long

survived him, and he left at his death, in 1737, three sons

—Victor, Marquis de Mirabeau (see next article), Jean

Antoine, Bailli de Mirabeau, and Comte Louis Alexandre de

Mirabeau. The great Mirabeau was the elder surviving

son of the marquis. When but three years old he had

a virulent attack of confluent small-pox which left his

face for ever disfigured, and contributed not a little to

nourish his father's dislike to him. His early education

was conducted by Lachabeaussifere, father of the better

known man of letters, after which, being like his father

and grandfather destined for the army, then the only

profession open to young men of family, he was entered

at a pension militaire at Paris, kept by an Abb4 Choquart.

Of this school, which had Lagrange for its professor of

mathematics, we have an amusing account in the life of

Gilbert Elliot, first earl of Minto, who with his brother

Hugh, afterwards British minister at Berlin, there made
the acquaintance of Mirabeau, an aoquaintance which

soon ripened into friendship, and to which Mirabeau in

later life owed his introduction into good English society.

On leaving this school in 1767 he received a commission

in the cavalry regiment of the Marquis de Lambert, which

his grandrather had commanded years before. He at once

began love making, and in spite of his ugliness succeeded

in winning the heart of the lady to whom his colonel was

attached, which led to such scandal that his father obtained

a lettre de cachet, and the young scapegrace was imprisoned

in the isle of Rh^. The love affairs of Mirabeau form

quite a history by themselves, and a well-known history,

owing to the celebrity of the letters to Sophie ; and the

behaviour of the marquis in perpetually imprisoning his

son is equally well known, and as widely blamed. Yet it

may be asserted that until the more durable and more
reputable connexion with Madame de Nehra these love

episodes were the most disgraceful blemishes in a life

otherwise of a far higher moral character than has been

commonly supposed. As to the marquis, his use of lettres

de cachet is perfectly defensible on the theory of the exist-

ence of lettres de cachet at all. They were meant to be

used (see Lettres de Cachet) by heads of families for

the correction of their families, and Mirabeau, if any son,

surely deserved such correction. FurtKer, they did have

the effect of sobering the culprit, and the more creditable

part of his life did not begin till he left Vincennes.

Mirabeau, it may be remarked at once, was not a states-

man of the Alcibiades type, and he did not develop his

great qualities of mind and character until hie youthful

excesses were over. These will be passed over as rapidly

as possible, for it was not till 1781 that the qualities which

made him great began to appear.

On being released from his first imprisonment, the young

count, who had always intended to continue his military

career, obtained leave to accompany as a volunteer the

French expedition which was t>3 effect the reduction of

Corsica. The conquest was one of sheer numerical

stiength, for the whole population was on the side of

Paoli, and Mirabeau, perceiving the value of public opinion,

is said to have written a treatise on the oppression the

Genoese had formerly exercised over the island, which the

Government was ready to publish had not the Marquis de

Mirabeau thought fit to destroy it because of its divergence

from his own philosophical and economical views. For his

services in Corsica Jlirabeau was made a captain of

dragoons, though not in any particular regiment, and on his

return his father endeavoured to make use of the literary

ability he had shown for the advancement of his own
economical theories. He tried to keep on good terms with

his father, though he could not advocate all his ideas, and

even went so far in 1772 as to marry a rich heiress, a

daughter of the Marquis de Marignane, whose alliance his

father had procured for him. He did not live happily

with her, and in 1774 was ordered into semi-exile in the

country, at his father's request, where he wrote his earliest

extant work, the ^ssai sur le Bespotisme. His violent dis-

position now led him to quarrel with a country gentleman

who had insulted his sister, and his semi-exile was changed

by lettre de cachet into imprisonment in the Chateau d'lf

.

In 1775 he was removed to the castle of Joux, to which,

however, he was not very closely confined, having full

leave to visit in the town of Pontarlier. Here he met

Marie Therfese de Monnier, his Sophie as he called her, a

married woman, for whom he conceived a violent passion.

Of his behaviour nothing too strong can be said : he was

introduced into the house as a friend, and betrayed his

trust by inducing Madame de Monnier to fall in love with

him, and all his excuses about overwhelming passion only

make his conduct more despicable. The affair ended by his

escaping to Switzerland, where Sophie joined him ; they

then went to Holland, where he lived by hack-work for the

booksellers ; meanwhile Mirabeau had been condemned to

death at Pontarlier for rapt et vol, of which he was certainly

not guUty, as Sophie had followed him of her own accord,

and in May 1777 he was seized by the French police, and

imprisoned by a lettre de cachet in the castle of Vincennes.

There he remained three years and a half, and with his

release ends the first and most disgraceful period of his life.

During his imprisonment he seems to have learnt to control

his passions from their very exhaustion, for the early part

of his confinement is marked by the indecent letters to

Sophie (first published in 1793), and the obscene Erotica

Biblion and Ma Conversion, while to the later months

belongs his first political work of any value, the Lettres

de Cachet. The Fssai sur le Despotisme was an ordinary

but at times eloquent declamation, showing in its illustra-

tions a wide miscellaneous knowledge of history, but the

Lettres de Cachet exhibits a more accurate knowledge of

French constitutional history skilfully applied to an

attempt to show that an existing actual grievance was not

only philosophically unjust but constitutionally illegal. It

shows, though still in rather a diffuse and declamatory

form, that application of wide historical knowledge, keen

philosophical perception, and genuine ' eloquence to a

practical purpose which was the great characteristic of

Mirabeau, both as a political thinker and as a statesman.

With his release from Vincennes begins the second period

of Mirabeau's life. He found that his Sophie was an ideal-

ized version of a rather common and ill-educated woman,

and she speedily consoled herself with the affection of a

young oflicer, after whose death she committed suicide.

Mirabeau first set to work to get the sentence of death still

hanging over him reversed, and by his eloquence not only

succeeded but got M. de Monnier condemned in the costs of
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the whole law proceedings. From Pontarlier he went to

Aix, where he claimed the court's order that his wfe should

return to him. She naturally objected, but his eloquence

would have won his case, even against Portalis, the leader

of the Aix bar, had he not in his excitement accused his

wife of infidelity, on which the court pronounced a decree

of separation. He then with his usual impetuosity inter-

vened in the suit pending between his father and mother

before the j)arlement of Paris, and so violently attacked

the ruling powers that he had to leave France and again go

to Holland, and try to live by literary work. About this

time began his connexion with Madame de Nehra, which

sweetened the ensuing years of toil and brought out the

better points of his character. She was the daughter of

Zwier van Haren, a Dutch statesman and political writer,

and was a woman of a far higher type than Sophie, more
educated, more refined, and more capable of appreciating

Mirabeau's good points and helping him to control his

passions. With her the lion became a lamb, and his life

was strengthened by the love of his petite hordt; Madame
de Nehra, her baby son, afterwards Lucas de Montigny,

and his little dog Chico. After a period of work in

Holland he betook himself to England, where his treatise on
Leilres de Cachet had been much admired, and where he
was soon admitted into the best Whig literary and political

society of London, throughhis old schoolfellow Gilbert Elliot,

who had now inherited his father's baronetcy and estates,

and become a leading Whig member of parliament. Sir

Gilbert introduced him freely, but of all his English friends

none seem to have been so intimate with him as Lord L*«s-
downe, and Mr (afterwards Sir Samuel) Eomilly.^ The
latter became particularly attached to him, and really

understood his character ; and it is strange that hisremarks
upon Mirabeau in the fragment of autobiography which
he left, and Mirabeau's letters to him, should have beeil

neglected by French writers. Romilly was introduced to

Mirabeau by D'lvernois, and readily undertook to translate

the Considerations on the. Order of Cincinnati. Romilly
writes thus of him in' his autobiography :

—

"The count was difficult enough to please ; ho was sufficiently
impressed with the beauties of the original. He went over every
part of the translation with me, observed on every passage in which
justice was not done to the thought or the force of the expression
lost, and made many useful criticisms. During this occupation
we had occasion to see one another often, and became very inti-
mate ; and, as he had read much, had seen a gieat deal of the world,
was acquainted with all the most distinguished persons who at that
time adorned either the royal court or the republic of letters in
France, had a great knowledge of French and Italian literature, and
possessed very pood taste, his conversation was e.\tremely interest-
ing and not a little instructive. I had such frequent opportunities
of seeing him at this time, and afterwards at a much more import-
ant period of his life, that I think his character was well known
to me. I doubt whether it has been so well known to the world,
and I am convinced that gi-eat injustice has been done him. This,
indeed, is not surprising, when one considers that, from the first
moment of his entering upon the career of an author, he had been
altogether indiffcvant how numerous or how jjowerful might bo the
enemies ho should provoke. His vanity was certainly excessive

;

but I have no doubt that, in his public conduct as well as in his
writings, he was desirous of doing good, tliat his ambition was of
the noblest kind, and that ho proposed to himself the noblest ends.
He was, however, like many of his countrymen, who weco active in
the calamitous Revolution which afterwards took place, not suffi-
ciently scrupulous about the means by which those ends were to be
accomplished. He indeed to some degree professed this ; and more
.than once I have heard him say that there were Decisions upon
which 'la petite morale etait cnneniio de la grande.' It is not sur-
prising that with such maxims as these in his mouth, unguarded
in his expressions, and careless of his reputation, he should have
afforded room for the circulation of many stories to his disadvan-
tage. Violent, impetuous, conscious of the superiority of his
talents, and the declared enemy and denouncer of every species of
tyranny and oppression, he could not fail to shock the prejudices,
to oppose the interests, to excite the jealousy, and to wound the
pride of many descriptions of poreons. A mode of refuting his
works, open to the basest and vilest of niankina, was to represent

him as a monster of'vice and profligacy. A scandal ones set on

foot is strengthened and propagated by many, who have no malice

against the object of it. They delight to talk of what is extradrdi-

nary ; and what more extraordinary than a person so admirable for

his talents and so contemptible for his conduct, professing in his

.writings principles so excellent and in all the offices of public and

private life putting in practice those which are so detestable ? I

indeed possessed demonstrative evidence of the falsehood of some of

the anecdotes which by men of high character were related to his

prejudice."—Xi/i of Sir S. Romilhj, vol. i. p. 58.

This luminous judgment, the best that is extant on the

character of Mirabeau, deserved to be quoted at length ; it

must be noted that it was vraitten by a man pf acknow-

ledged purity of life, who admired Mirabeau in early life,

not when he was a statesman, but when he was only a

struggling literary man. This close association with

KoinLUy, and his friends Baynes, Trail, and Wilson, does

credit to Mirabeau, and must have helped that moral

revolution against his passions which was passing within

him. He was a warm friend, and first made Romilly

acquainted with Lord Lansdowne, and tried to get him a

aeat in parliament. Lord Lansdowne was himself an
extraordinary man, and the first of the new Whigs might
well feel' sympathy with the statesman of the French
Revolution. The Considerations sur I'ordre de CincimKltus

which Romilly translated w4s the only important work
Mirabeau wrote in the year 1785, and it is a good speci-

men of his method. He had read a pamphlet published in

America attacking the proposed order, which was to form

a bond of association between the officers who had fought
in the American War of Independence against England

;

the arguments struck him as true and valuable, so he
rearranged them in his own fashion, and rewrote them in

his own oratorical style. He soon found such work not

sufficiently remunerative to keep his "petite horde" in

comfort, and then turned his thoughts to employment from
the French foreign office either in writing or in diplomacy.

He first sent Madame de Nehra to Paris to make his peace

with the authorities, in which she was completely successful,

and then returned himself, hoping to get employment
through an old literary collaborateur of his, Durival, who
was at this time director of the finances of the department
of foreign affairs. One of the functions of this official was
to subsidize political pamphleteers, and Mirabeau had
hoped to be so employed, but he ruined his chances by a

series of financial works. On his return to Paris he had
become acquainted with Claviferes, a Genevese exile, who
was minister of finance during the Revolution, and who
now introduced him to a banker named Panchaud. From
them he heard plenty of abuse of stock-jobbing, and seizing

their ideas he began to regard stock-jobbing, or agiotage, as

the source of all evil, and to attack in his usual vehement
style the Banque de St Charles and the Compagnie des

Eaux. This was at least disinterested on his part, for,

while his supporters were poor, the bankers he attacked
were rich, and would gladly have bought his silence ; but
Mirabeau, though ever ready to take money for what he
wrote, never sold his opinions, or wrote what he did not
really believe. The very eloquence of his style rests upoii

the enthusiastic conviction that he himself was right, and
those who differed from him were stupidly and wilfully

wrong. This last pamphlet brought him into a contro-

versy with Beaumarchais, who certainly did not get the

best of it, but it lost him any chance of literary employ-
ment from Government. However, his ability was too

great to be neglected by a great minister such as M. de
Vergennes undoubtedly was, and after a preliminary tour

in the early spring of 1786 he was despatched in Juno
1786 on a secret mission to the court of Prussia, from
which he returned in January 1787, and of which ho gave
a full account in his Histoire Secrete de la Cour de Berlin.
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fhe moniuo ue apent at Berlin were important ones in the '

history of Prussia, for in them Frederick the Great died
The letters just mentioned show clearly what Mirabeau did
and what he saw, and equally dearly how unfit he was to

be a diplomatist ; for, with all his knowledge of men and
his influence over them, he thought (and showed he
thought) too much of himself ever to be able to surprise

their secret thoughts and intentions. He certainly failed

to conciliate the new king Frederick William ; and thus

ended Mirabeau's one attempt at diplomacy. During his

journey he had made the acquaintance of a Major JIauvillon,

whom he found possessed of a great number of facts and ,

statistics wth regard to Prussia ; these ho made use of in

a great work on Prussia published in 1788, as Romilly
says, to show that he could write more than a fugitive

[iimphlet. But, chough his ^luuarrhu Pnissienne gave
him a general reputation for historical learning, he had in

this ^ame year lost a chance of political employment. He
had offered himself as a candidate for the office of secretary

to the Assembly of Notables which the king had just con-

vened, and to bring his name before the public published

another financial work, the Denoncinlion de VAritotngi',

dedicated to the king and notables, which abounded in

3uch violent diatribes that he not only lost his election, but
was obliged to retire to Tongres ; and he further injured his

prosj)ects by publishing the reports he had sent in during
his secret mission at Berlin. But 1789 was at hand; the

states-general was summoned ; Mirabeau's period of pro-

bation was over, and he was at last to have that oppor-

tunity of showing his great qualities both as stateoman

and orator on a worthy arena

On hearing of the king's determination to summon
the states-general, Mirabeau started for Provence, and
offered to assist at the preliminary conference of the

noblesse of his distric'c. They reiccted him ; he appealed

to the tiers elat, and was returned both for Ais and for

Marseilles. He elected to sit for the former city, and was
present at the opening of the states-general on May 4,

1789. From this time the record of Mirabeau's Lfe forms

the best history of the first two years of the Constituent

Assembly, for at every important crisis his voice is to be

heard, though his advice was not always followed. It is

impossible herfe to detail minutely the history of these two
eventful years : it ts^U be rather advisable to try and
analyse the manner iif which Mirabeau regarded passing

events, and then show how his policy justifies our analysis.

.Mirabeaii possessed at the same time great logical

acuteness and most passionate enthusiasm • he was there-

fore both a statesman and an orator, and the interest of

the last two years of his life lies mainly in the gradual but

decided victory of the statesmanlike and practical over the

impulsive and oratoncal qualities. From the beginning

Mirabeau recognized that government exists in order that

the bulk of the population may pursue their daily work in

peace and quiet, and that for a Government to be successful

it must be strong. In this practical view of the need of a

strong executive lies one of Mirabeau's greatest titles to the

name of statesman. At the same time he thoroughly com-

prehended that for a Government to be strong it mast be

in harmony with the wishes of the majority of the people,

and that the political system of Louis XIV. was now fall-

ing for lack of this. He had carefully studied the English

constitution in England under the guidance of such men
as Lord Lansdowne, Sir Gilbert Elliot, and Eomilly, and
appreciated it with the wise approval of its powers of ex-

pansion which characterised the new Whigs, and not with

the blind admiration of Burke. He understood the key-

notes of the practical sucess of the English constitution

to be the irresponsibility of thp king the aolidaritv cf the

ministers, and the selection of the CNcriitive from among

the majority of the representatives of the'country ; and he
hoped to establish in France a system similar in principle,

but without any slavish imitation of the details of the

English constitution.

In the first stage of the tiistory of tlie states-general

Mirabeau's jjart was very great. He was soon recognized
as a leader, to the chagrin of Mounier, because he always
knew his own mind, and was prompt at emergencies. 'To

him is to be attributed the successful consolidation of the
Xational Assembly, its continuance in spite of De Brezi and
the carpenters, and the address to the king for the with-

drawal of the troops assembled by De Broghe. When the
taking of the Bastille had assured the success of the
Revolution, he was the one man who warned the Assembly
of the futility of passing fine-sounding decrees and the
necessity for acting. He declared that the famous night
of August 4 was but an orgy, giving the ])eople an
immense theoretical liberty while not assi.-.ting them to

practical freedom, and overthrowing the old regime before

a new one could be constituted. Still more did he show
his foresight when he attacked the dilatory beiaviour of

the Assembly, which led to the catastrophes of the 5th and
6th October. He implored the Assembly to strike while

the iron was hot, and at once solve in a practical manner
the difficult problems presented by the abolition of

feudalism. But the Assembly consisted of men inexperi-

enced in practical politics, who dreamed of drawing up an

ideal constitution preluded by a declaration of rights in

imitation of the Americans; and for two months the

Assembly discussed in what words the declaration should

be expressed, whOe the country was in a state of anarchy,

declaring old laws and customs abolished and having no
new ones to obey or foUow, disowning the old adminis

trative Bystejn and having no new one yet instituted, while

Paris was starving and turbulent, and the queen and hei

friends planning a counter revolution. The result of these

two months' theorizing was the march of the women to

Versailles, and the transfer of the king to Paris. Mirabeau

now saw clearly that his eloquence would not enable him
to guide the A-^sembly by himself, and that he must there-

fore try to get some support. He wished to establish a

strong ministry, which should be responsible like an

English ministry, but to an assembly chosen to represent

the people of t'rauce better than the English House of

Commons then represented England. He first thought of

becoming a minister at a very early date, if we may believe

a story contained in the Jfemoires of the Duchesse

d'Abrantes, to the effect that in !May 1 789 the queen tried

to bribe him, but that he refused to be bribed to silence,

and expressed his wish to be a minister. The indignation

with which the queen repelled the idea may have been

the cause of his thinking of the Due d'Orleans as a possible

constitutional king, because his title would of necessity be

parliamentary. But the weakness of Orleans was too

palpable, and in a famous remark Mirabeau expressed his

utter contempt for him. He also attempted to form an

alliance with Lafayette, but the general was as vain and

as obstinate as Mirabeau himself, and had his own theories

about a new French constitution. Mirabeau tried for a

time, too, to act with Necker, and obtained the sanction of

the Assembly to Neckei's financial scheme, not because it

was good, but because, as he said, "no other plan was

before them, and something must be done."

Hitherto weight has been laid on the practical side of

Mirabeau's political genius ; his ideas with regard to the

Revolution after the 5th and 6th October must now be

examined, and this can be done at length, thanks to the

publication of ilirabeau's correspondence with La Marck, a

study of which is indispensable for any correct knowledge

of the history of the Revolution between 1789 and 1791.
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The Comte de la Marck was a Flemish lord of the house of

Ajremberg, who had been proprietary colonel of a regiment

In the service of France ; he was a close friend of the

queen, and had been elected a member of the states-

general. His acquaintance with Jlirabeau, commenced in

1788, ripened during the following year into a friendship,

which La Marck hoped to turn to the advantage of the

court. After the events of the 5th and 6th of October he

consulted Mirabeau as to what measures the king ought to

take, and Mirabeau, delighted at the opportunity, drew up

an admirable state-paper, which was presented to the king

by Monsieur, afterwards Louis XVUI. The whole of this

Memoire should be read to get an adequate idea of Mira-

beau's genius for politics ; here it must be merely sum-

marized.

The main position is tliat the kin" is not free in Paris ; ho must
tliereforo Icavo Paris and appeal to France. " Paris n'eii vcut que

I'argent; les provinces demandent des lois." But where must the

king go! "So rctirer i Jletz ou sur touto autre frontihe serait

declarer la giiorre ii la nation ct abdicjuer le tione. Un roi qui est la

seule sauvegarJe do son pcuplc no luit point devant son peuple
;

il le prend pour jugo do sa conduito et do scs principcs." Ho must
then go towards the interior of France to a provincial capital, Lest

of all to Rouen, and there he must appeal to the people and summon
a great convention. It would be ruin to appeal to tho noblesse, as

the queen advised: "un corps de noblesse n'est point une armee,

qui puisso combattre." When this great convention mot, the

king must show himself ready to recognize that great changes have
taken place, that feudalism and absolutism have for ever disappeared,

and that a new relation between king and people has arisen, which
must be loyally observed on both sides for the future. "II est

certain, d'aillcurs, qu'il faut une grande revolution pour sauver le

royaume, qtie la nation a des droits, qu'elle est en chemin de les

recouvror tous, ot qu'il faut non teuloment les retablir, mais les con-

solider." To estaolish this new constitutional position between
king and people would not be difficult, because " I'indivisibilite du
monarque ct du peuple est dans le ccEur de tous les Francais : il

faut qu ello existe dans Taction et le pouvoir."

Such was Mirabeau's programme, ' which he never

diverged from, but which was far too statesmanlike to be

understood by the poor king, and far too positive as to the

altered condition of the monarchy to be palatable to the

queen. Mirabeau followed up his Memoire by a scheme
of a great ministry to contain all men of mark,—Necker
as prime minister, " to render him as powerless as he is

incapable, and yet preserve his popularity for the king,"

the archbishop of Bordeaux, the Due de Liancourt, the Due
de la Rochefoucauld, La Marck, Talleyrand bishop of

Autun at the finances, Mirabeau without portfolio. Target
mayor of Paris, Lafayette generalissimo to reform the

army, Segur (fo^reign afEairs), Mounier, and Chapelier. This
scheme got noised abroad, and was ruined by a decree of

the Assembly of November 7, 1789, that no member of the
Assembly could become a_ minister ; this decree destroyed
any chance of that necessary harmony between tho ministry
and the majority of the representatives of the nation exist-

ing in England, and so at once overtlirew Mirabeau's present
hopes and any chance of tho permanence of the constitution

then being devised. The queen utterly refused to take
Mirabeau's counsel, and La Marck left Paris. However,
in April 1790 he was suddenly recalled by the Comte de
Mercy-Argenteau, the Austrian ambassador at Paris, and
the queen's most trusted political adviser, and from this
time to Mirabeau's death he became the medium of almost
daily communications between the latter and the queen.
Mirabeau at first attempted again to make an alliance with
Lafayette by a letter in which he says, " Les Barnave, les

Duport, les Lameth ne vous fatiguent plus de leur active
inaction ; on singe longtcmps I'adresse, non pas la force."

But it was useless to appeal to Lafayette ; he was not a
strong man himself, and did not appreciate " la force " in
others. From tho month of May 1790 to his death in

April 1791 Mirabeau remained in close and suspected but
not actually proved connexion with the court, and drew

up many admirable state-papers for it. in return the court

paid his debts; but it ought never to be said that he was

bribed, for the gold of the court never made him swerve

from his political principles—never, for instance, made him

a royalist. He regarded himself as a minister, though an

unavowed one, and believed himself worthy of , his hire.

Undoubtedly his character would have been more admirable

if he had acted without court assistance, but it must be

remembered that his services deserved some reward, and

that by remaining at Paris as a politician he had been

unable to realize his paternal inheritance. Before his in-

fluence on foreign policy is discussed, his behaviour on

several important points must be noticed. On the great

question of the veto he took a practical view, and seeing

that the royal power was already sufficiently weakened,

declared for the king's absolute veto, and against the

compromise of the suspensive veto. He knew from his

English experiences that such a veto would be hardly ever

used unless the king felt the people were on his side, in

which case it would be a useful check on the representatives

of the people, and also that if it was used unjustifiably

the power of the purse possessed by the representatives

and the very constitutional organization of the people

would, as in England in 1688, bring about a bloodless

revolution, and a change in the person entrusted with the

royal dignity. He sav/ also that much of the inefficiency

of the Assembly arose from the inexperience of the members,

and their incurable verbosity ; so, to establish some system

of rules, he got his friend Romilly to draw up a detailed

account of the rules and customs of the English House of

Commons, which he translated into French, but which the

Assembly, puffed up by a belief in its own merits, refused

to use. On the greai; subject of peace and war he supported

the king's authority, and with some success. - AVhat was
the good of an executive which had no power ! Let it be

responsible to the reDreseutatives of the nation by all

means ; but if the representatives absorbed all executive

power by perpetual interference, there would be six hundred
kings of France insiead of one, which would hardly be a

change for the better. Again Mirabeau almost alone of the

Assembly understood tlie position of the army under a

limited monarchy. Contrary to the theorists, he held that

the soldier ceased to be a citizen when he became a soldier
;

he must submit to be deprived of his liberty to think and
act, and must recognize that a soldier's first duty is

obedience. - With such sentiments, it is no wonder that

he approved of Bouille's vigorous conduct at Nancy, which
was the more to his credit as BouiU^ was the one hope of

the court influences opposed to him. Lastly, in matters of

finance he showed his wisdom : he attacked Necker's
" caisse d'escompte," srhich was to have tho whole control

of the taxes, as absorbing the Assembly's power of the

purse ; and he heartily approved of the system of assignats,

but with tho important reservation that they should not

be issued to the extent of more than one-half the value of

the lands to be sold. This restriction was not observed,

and it was solely the enormous over-issue of assignats that

caused their great depreciation in value.

Of Mirabeau's attitude with regard to foreign affairs it

is necessary to speak in more detail. He held it to be just

that the French people should conduct their Revolution as

they would, and that no foreign nation had any right to

interfere with them, so long as they kept themselves strictly

to their own affairs. But he knew also that neighboui-ing
nations looked with unquiet eyes on the progress of affairs

in France, that they feared the influence of the Revolution
on_ their own peoples, and that foreign monarchs .were
being prayed by the French emigres to interfere va behalf
of tho French monarchy. > To prevent this interference, or
rather to give no pretext for it was his guiding thought as
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to foreign policy. He had been elected a member of the

comity diplomatique of the Assembly in July 1790, and
became its reporter at once, and in this capacity he was
tble to prevent the Assembly from doing much harm in

regard to foreign affairs. He had long known Montmorin,

the foreign secretary, and, as matters became more strained

from the complications with the princes and counts of the

empire, he entered into daily communication with the

minister, advised him on every point, and, while ^dictating

his policy, defended it in the Assembly. Thus in this parti-

cular instance of the foreign office, for the few months
before Mirabeau's death, a harmony was established

between the minister and the Assembly through Mirabeau,

which checked for a time the threatened approach of foreign

intervention, and maiutained the honour of France abroad.

Mirabeau's exertions in this respect are not his smallest

title to the name of statesman; and how great a work he

did is best proved by the confusion which ensued in this

department of affairs upon his death.

For indeed in the beginning of 1791 his death was very

near ; and he knew it to be so. The wild excesses of his

youth and their terrible punishment had weakened his

strong constitution, and his parliamentary labours com-

pleted the work. So surely did he feel its approach that

some time before the end lie sent all his papers over to his

old English friend and schoolfellow Sir Gilbert Elliot, who
kept them under seal until claimed by Mirabeau's executors.

In March his illness was evidently gaining on him, to his

great grief, because he knew how much depended on his

life, and felt that he alone could yet save France from the

distrust of her monarch and the present reforms, and
from the foreign interference, which would assuredly bring

about catastrophes unparalleled in the history of the world.

On his life hung the future course of the Revolution.

Every care that science could afford was- given by his

friend and physician, the famous chemist Cabanis, to whose
brochure on his last illness and death the reader may refer.

The people, whose faith ip him revived in spite of all

suspicions, when they heard that he was dn his death-bed,

kept the street in which he lay quiet ; but medical care,

the loving solicitude of friends, and the respect of all the

people could not save his life. His vanity appears in its

most gigantic proportions in his last utterances during his

illness; but many of them have something grand in their

sound, as his last reported expression, when he looked upon
the sun—" If he is not God, he is at least His cousin-

german." When he could speak no more he wrote with

a feeble hand the one word " dormir." and on April 2,

1791, he died.

With Mirabeau died, it has been said, the last hope of the mon-
archy; but,OTth Marie Antoinette supreme at court, can it be said that

there could ever have been any real hope for the monarchy ? Had she

been but less like her imperious mother, Louis would have made a

constitutional monarch, but her will was as strong as Mirabeau's

own, and the Bourbon monarchy had to meet its fate. The subse-

quent events of the Revolution justified Mirabeau's prognosticarions

in his first memoire of October 15, 1789. The royal family fled

towards the German frontier, and from that moment there sunk deep

into the hearts of the people not only of Paris, but of the provinces,

a conviction that the king and queen were traitors to France, which
led inevitably to their execution. The noblesse and the foreign aid

'on which the queen relied proved but a source of weakness. The
noblesse, Mirabeau had said, was no atmy which could fight ; and
truly the army of the emigres could do nothing against revolutionary

France in arms. The intervention of foreign aid only sealed the

king's fate, and forwarded the progress of the Revolution, not in a

course of natural development, but to the terrible resource of the

Reign of Terror. With regard to the Assembly too, and its consti-

tution, Mirabeau had shown his foresight. The constitution of

1791, excellent as it was on paper, and well adapted to an ideal

state, did not deal adequately with the great problems of the time
in France, and by its ridiculous weakening of the executive was
unsuited to a modern state. Surely if events ever proved a man's
ni-litical sagacity, the history of the French Revolution proved
Mirabc:iu's

A few words must bo added on Mirabeau's manner of work and
his character.

No man ever so thoroughly used other men's work, and yet
made it all seem his own. " Je prends mon bien on je le trouve

"

is as true of him as of Moliere. His first literary work, except
the bombastic but eloquent £ssai sur le Dcspotisjit^., was a trausla-
tion of Watson's Philip II., accomplished in Holland with the
help of Durival ; his Considerations sur I'ordre de Cincinnatus was
based on an American pamphlet, and the notes to it were con-
tributed by Target ; while his financial writings were all suggested
by the Genevese exile Clavieres. During tlie Revolution he received
yet more help ; men were proud to labour for him, and did not
murmur because he absorbed all the credit and fame. Dumont,
Clavieres, Duroveray, Pellenc, Lamourettc, and Reybaz were but a
few of the most distinguished of his collaborators. Dumont was a
Genevese exile, and an old friend of Romilly's, who willingly prepared
for him those famous addresses which Mirabeau used to make tho
Assembly pass by sudden burstsof eloquent declamation ; Clavieres
and Duroveray helped him in finance, and not only worked out his
figures, but even wrote his financial discourses. Pellenc was his
secretary, and wrote the speeches on the goods of the clergy and the
right of making peace, and even tho Abbe Lamouvette wrote the
speeches on the civil constitution of the clergy. Reybaz, whose per-
sonality has only been revealed within these last ten years, not only
wrote for him his famous speeches on the assignafs, the organization
of the national guard, &c., which Mirabeau read word for word at the
tribune, but even the posthumous speech on succession to estates

of intestates, which Talleyrand read in the Assembly as the last

work of his dead friend. Yet neither the gold of the court nor
another man's conviction would make Mirabeau say what he did not
himself believe, or do what he did not himself think right. He
took other men's labour as his due, and impressed their words, of

which he had suggested the underlying ideas, with the stamp of
his own individuality ; his collaborators themselves did not com-
plain,—they were but too glad to be of help in the great work of

controlling and forwarding the French Revolution through its

greatest thinker and orator. True is that remark of Goethe's
to Eckermann, after reading Dumont's Souvenirs: "At last the
wonderful Mirabeau becomes natural to us, whjle at the same time
the hero loses nothing of his greatness. Some French journalists

think -differently The French look upon Mirabeau as their

Hercules, and they are perfectly right. But they forget that even
the Colossus consists of individual parts, and that the Herciil'^ of

antiquity is a collective being—a gigantic personification of deeds
done by himself and by others."

There was something gigantic about all Mirabeau's thoughts anJ
deeds. The excesses of his youth were beyond all bounds, and
severely were they punished ; his vanity was immense, but never
spoilt his judgment ; his talents were enormous, but could yet

make use of those of others. As a statesman his wisdom is indubit-

able, but by no means universally recognized in his own country.

Lovers of tho ancicn regime abuse its most formidable and logical

opponent ; believers in the Constituent Assembly cannot be expected

to care for the most redoubtable adversary of their favourite theorists,

while admirers of the republic of every description agree in calling

him from his connexion with the court the traitor Mirabeau.

As an orator more justice has been done him : his eloquence has

been likened to that of both Bossuet and Vergniaud, but it had
neither the polish of the old 17th-century bishop nor the flashes of

genius of the young Girondin. It was rather parliamentary oratory

in which he excelled, and his true compeers are rather Burke and
Fox than any French speakers. Personally he had that which
is the truest mark of nobility of mind, a power of attracting love,

and winning faithful friends. "I always loved him," writes Sir

Gilbert Elliot to his brother Hugh; and Roniilly, who was not

given to lavish praise, says, " I have no doubt that in his public

conduct, as in his ^vritings, he was desirous of doing good, that his

ambition was of the noblest kind, and that he proposed to himself

the noblest ends." What more favourable judgment could be

passed on an ambitious man ! What finer epitaph could a states-

man desire !

The best edition of Mlraljeau's woiKs Is that published by Blanchard In 1822,

In 10 vols., of which tw(5 contain his (Euvrti Oraloires; from this collection, how-

ever, many of his less important wcrks, and the i/onarc/iie Prussiennt, In 4 vols.,

1783, are omitted. For his life consult Mirabtau : Memoiret sur sa vie lilUratrt

elpric^e, 4 vols., 1S24. and, what Is of most importance, iliiiiohts biograpliigues,

litUratres. et pohliques de Mirabtau <cri!s par lui-inimt. par ton pire, son ondt el

son fits adopt,/, which was issued by M. Lncasdo lIontlRiiy In 8 vols., Paris, !8a4

.See also Dumont, Souvenirs sur Mirabeau. 1832; Duval. Soucmirs sur Mirabeau,

1832; Victor Hugo, Etude sur Mirabeau. 1834; Mirabeau's Jiigendliben. Bre^lnu,

1832 ; Schneidewin, Mirabeau und seine Zeil, Lcipsic, 1831 ; Mirabeau. a Li/t J/ts-

lory, London, 1848. The publication of the Cm-respoiidanee inlre Utnibeau el le

Comte de la Marck, by Ad. Bacouit, 2 vols., 1851. merks an epoch m our ciact

knowledge of Mirabeau and his career. The most useful modci-n books are Louis

de Lom^nie, Us Mirabeau, 1878, which, however, chirfy treats of Iim father and

uncle Ph Plan, Vn Coltaboraltur de Mirabeau. 1874, Ireotinc of Hcybaz. «nj

throwing infinite light on Mirabeaua mode ol work ;
ai.cl. lastly, H. Reyn"''.

Mirabeau el la Consliluante. 1873. On his eloquence and the share his collabora-

tors had In his speeches, sec Aulard, VAssembl^e Consliluante, 1882. For hit

death ace the curtoua brochure of his physician Cabanis. Journal Je la m"'^"
et de la mon de Mirabeau. Paris. 1791 '". M. S.)
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MXRABEAU, Victok Riqubti, MAUQtria db (17i5-

1789)7 himself a distinguished author and political econo-

mist, but more famous as the father of the great Mirabeau,

B-as born at Pertuis near the old chateau do Jlirabeau on

October l, 1715. He was brought up very sternly by his

father, and in 1729 joined the army. He took keenly to cam-

paigning, but never rose above the rank of captain, owing

to his being unable to get leave at court to buy a regiment.,

In 1737 he came into the family property on his father's

death, and spent some pleasant years till 1743 in literary

companionship with his dear friends Vauvenargues and

Lefranc de Pompignan, which might have continued had

he not suddenly determined to marry—not for money, but

for landed estates. The lady w^hose property he fancied was

^arie Genevieve, daughter of a M. de Vassan, a brigadier in

the army, and widow of the Marquis de Saulveboeuf, whom
be married without previously seeing her on April 21, 1743.

While in garrison at Bordeaux, ilirabsau had made the

acquaintance of Montesquieu, which m:,y have made him
turn his thoughts to political speculations ; anyhow it was

while at leisure after retiring from the army that he wrote

his first work, his Testament Politique (1747), which

demanded for the prosperity of France a return of the

French noblesse to their old position in the Middle Ages.

This work, written under the influence of the feudal ideas

impressed upon him by his father, was followed in 1750

by a book on the Vtilite des Stats Provenciaux, fuU of

really wise considerations for local self-government, which
was published anonymously, and had the honour of being

Bttributed to Montesquieu himself. In 1756 Mirabeau

made his first appearance as a political economist by
the publication of his Ami des Homines ou traite de

la population. This work has been often attributed to

the influence, and in part even to the pen, of Quesnay, the

founder of the economical school of the physiocrats, but

was really written before the marquis had made the

acquaintance of the physician of Madame de Pompadour.
In 1760 he published his Thiorie de I'Impot, in which he
attacked with all the vehemence of his son the farmers-

general of the taxes, who got ^him imprisoned for eight

days at Vincennes, and then exiled to his country estate at

Bignon. At Bignon the school of the physiocrats was
really established, and the marquis surrounded himself

with devotees, and eventually in 1765 bought the Journal
de Fagriculture, du commerce, et des finawes, which became
the organ of the school. He waa distinctly recog-

nized as a leader of political thinkers by Prince Leopold
of Tuscany, afterwards emperor, and by Gustavus HE.
of S^^eden, who in 1772 sent him the grand cross of

the order of Vasx But the period of his happy literary

life was over ; and his name was to be mixed up in

a long scandalous lawsuit. Naturally his marriage

had not been happy; he had separated from his wife

by mutual consent in 1762, and had, he believed,

secured her safely in the provinces by a lettre de cachet,

when in 1772 she suddenly appeared in Paris, and soon

after commenced proceedings for a separation. The poor

marquis did not know what to do ; his sons were a great

trouble to him, and it was one of his own daughters who
had encouraged his wife to take this step. Yet he was
determined to keep the case quiet if possible for the sake of

Madame de Pailly, a S-\vis3 lady whom he had loved since

1756. But his wife would not let him rest ; her plea was
rejected in 1777, but she renewed her suit, and, though
the great Mirabeau had pleaded his father's case, was suc-

cessful in 1781, when a decree of separation was pro-

nounced. This trial had quite broken the health of the
marquis, as well as his fortune ; he sol^d his estate at

Bignon, and hired a house at Argenteuil, where he lived

quietly till bis death on July 11, 1789.

For the whole family of Mirabeau, the one book to refer to 13

Louis de Lomenie's Le/Mirabeau, 2 vols 1878, ana it "greatly to

be regretted that the talented author did not live to treat the Uvea

of the great Mirabeau and his brother. See also Lucas de Mon-

tigny-s°W«K>t>« dc Mirabeau, and, for the marqms s econonucal

views, De la Vergne's £conomUtes fraiu^axs dxi 18- siicle.

MIRAGE. See Light, vol. xiv. p. 600.

MIRAMON, MiGXTEL, a Mexican soldier of French

extraction, was born in the city of Mexico, September 29,

1832, and shot along with the emperor Maximilian at

Queretaro, June 19, 1867. While still a student he helped

to defend the military academy at Chapultepec against the

forces of the United States; and, entering the army in 1852,

he rapidly came to the front during the civil wars that dis-

turbed the country. It was largely due to Miramon's support

of the ecclesiastical party against Alvarez and Comonfort

that Zuloagawas raised to the presidency; and in 1859 he

was caDed to succeed him in that office. Decisively beaten,

however, by the Liberals, he fled the country in 1860, and

spent some time in Europe earnestly advocating foreign

intervention in Mexican affairs ; and when he returned it

was as a partisan of Maximilian. His ability as a soldier

was best shown by his double defence of Puebla in 1856.

MIRAJSTDA, Fbancesco (1754-1816), was born at

Santa F^Jn New Granada, in 1754. He entered the army,

and served, against the English in the American War of

Independence. The success of that war inspired him
with a hope of being the Washington of his own country,

and a belief that the independence of Spanish America

would increase its material prosperity. With these views

he began .to scheme a revolution, but his schemes were dis-

covered and he had only just time to escape to the United

States. Thence he went to England, whera he was intro-

duced to Pitt, but chiefly lived with the leading members
of the opposition—Fox, Sheridan, and Bcmilly. Finding

no help in his revolutionary schemes, he travelled over the

greater part of Europe, notably through Austria and
Turkey, till 'he arrived at the court of Russia, where

he was warmly received, but from which he was dismissed,

though with rich presents, at the demand of the Spanish

ambassador, backed up by the envoy of France. The news
of the dispute between England and Spain about Nootka
Sound in 1790 recalled him to England, where he saw
a good deal of Pitt, who had determined to make use

of him to " insurge " the Spanish colonies, but the peaceful

arrangement of the dispute again destroyed his hopes. In

April 1792 he went to Paris, with introductions to Potion

and the leading Girondists, hoping that men who were work
ing so hard for their own freedom might help his country-

men in South America. France had too much to do in

fighting for its own freedom to help others ; but Miranda's

friends sent him to the front with the rank of general

of brigade. He distinguished himself under Dumouriez,
was intrusted in February 1793 with the conduct of the

siege of Maestricht, and commanded the left wing of the

French army at the disastrous battle of Neerwinden.
Although he had given notice of Dumouriez's projected

treachery, he was put on his trial for treason on May 12.

He was unanimously acquitted, but was soon again thrown
into prison, and not released till after the 9th Thermidor.
He again mingled in politics, and was sentenced to be
deported after the struggle of Venddmiaire. Yet he escaped,

and continued in Paris tiU the coup d'etat of Fructidor
caused him finally to take refuge in England. He now
found Pitt and Dundas once more ready to listen to him,
and the latter sent a special minute to Colonel Picton,

the governor of Trinidad, to assist General Miranda's
schemes in every possible way ; but, as neither of them
would or could give him substantial help, he went to the
United States, where President Adams gave him fair words
but nothing more. Once more he returned to England,
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where Addington might have done something for him but
for the signature of the peace of Amiens in 1802. At the

l)eace, though in no way amnestied, he returned to Paris,

but was promptly expelled by the First Consul, who was
then eager to be on good terms with the court of Spain.

Disappointed in further efforts to get assistance from
England and the United States, he decided to make an
attempt on his own responsibility and at his own expense.

Aided by two American citizens, Colonel Smith and Mr
Ogden, he equipped a small ship, the "Leander," in 1806,

and with the help of the English admiral Sir A Cochrane

made a landing near CarAcas, and proclaimed the Colombian

republic. He had some success, and would have had more
had not a false report of peace between France and
England caused the English admiral to withdraw his

support. At last in 1810 came his opportunity; the

events in Spain which brought about the Peninsular

War had divided the authorities in Spanish America, some
of whom declared for Joseph Bonaparte, others for

Ferdinand VII., while others again held to Charles IV.

At this moment Miranda again landed, and had no difficulty

in getting a large party together who declared a republic

both in Venezuela and New Granada or Colombia. But
Miranda's desire that all the South American colonies should

rise, and a federal republic be formed, awoke the selfish-

ness and pride of individual provincial administrations,

and thus weakened the cause, which further was believed to

be hateful to heaven owing to a great earthquake on

March 26, 1812. The count of Monte Verde, the Bourbon
governor, had little difficulty in defeating the dispirited

forces of Miranda, and on July 26 the general capitulated

on condition that he should be deported to the United
States. The condition was not observed; Miranda was
moved from dungeon to dungeon, and died in 1816 at Cadiz.

There are allusions to Miranda's early life in nearly all memoirs of

the time, but they are not generally very accurate. For his trial see

Buchez et Rour, Histoin Parlcmenlaire, xivii. 26-70. For his

later life see Biggs, History of Miranda's Attempt in South America,
Loudon, 1809 ; and Veggasi, Rcvolucion de la Columbia.

MIRANDOLA. See Pico.

MIRKHOND (U33-1498). Mohammed bin KhAwand-
sh&h bin Mahmud, commonly called !MIrldiw4nd or Jllrk-

hAwand, more familiar to Europeans imder the name of

Mirkhond, was bora in 1433, the son of a very pious and
learned man who, although belonging to an old Bokhara
family of Sayyids or direct descendants of the Prophet,

lived and died in Balkh. From his early youth he applied

himself to historical studies and literature in general. In

Herit, where he spent the greater part of his life, he gained

the favour of that famous patron, of letters, Mir' A If.shir

(born 1440), who served his old school-fellow the reigning

Bultan Husain (who as the last of the Tlmilrides in Persia

ascended the throne of HerAt in 1468), first as keeper

of the seal, afterwards as governor of JurjAn. At the

request of this distinguished statesman and writer^

Mirkhond began about 1474, in the quiet convent of

KhilAsfyah, which his patron had founded in HerAt as a
house of retreat for literary men of merit, his great work on

universal history, the largest ever written in Persian, and
to the present day an inexhaustible mine of information

both to Eastern and Western scholars. It is named
Jiavzai-ussafd fi nrat-ulanhid walmuMk wallchidafd or

Garden of Purity on the Biography of Prophets, Kings, and
Caliphs. That the author has made no attempt at a critical

examination of historical traditions can scarcely be called a

peculiar fault of his, since aknost all Oriental writers are

equally deficient in sound criticism ; more censurable is his

' Mir 'Alishir not only excelled as poet both in Chaghatai, in

vhich his epopees gained him the foremost rank among the classic

writers in that language, and in Persian, but composed an excellent

(adhkirah or biography of contemporary Persian poets.

flowery and often bombastic style, but in spite of this draw-

back, and although, in our own age, the discovery of oldei

works on Asiatic history has diminished to some extent

the value of Mirkhond's Eauzat, it stiU maintains its high

position as one of the most marvellous achievements in

literature from the pen of one man, and often elucidates, by
valuable text-corrections, various readings, and important

additions, those sources which have latelj' come to light.

It comprises seven large volumes and a geographical ap-

pendix ; but internal evidence proves beyond doubt that the

seventh volume, the history of the sultan Husain (1438-
1505), together with a short account of some later evencs

down to 1523, cannot have been vritten by Mirkhond
himself, who died in 1498. He may have compiled the

preface, but the main portion of this volume is probably
the work of his grandson, the equally renowned historian

KhwAndamlr (1475-1534), to whom also a part of the

appendix must be ascribed.

The following is a snmmary of the contents of the other 6Vt

volumes. Vol. L : Preface on the usefulness of historical studies,

history of the creation, the patriarchs, prophets, aud rulers of Israel

down to Christ, and the Persian kings from the mythical times o(

the Peshdadians to the Arab conquest and the death of the lasl

Sasanian Yazdajird III. in 30 A. H. (651 A.D.). Vol. u. : Mohammed,
Abubekr, 'Omar, 'Othman, and 'All. Vol. iiL : The twelve imams
and the Omayyadand'Abbdsid calinhs down to 656 A.H. (1258 A.D.).

Vol. iv. : The minor dynasties contemporary with and subsequent to

the 'Abbasids, down to 778 A.H. (1376 A.D.), the date of the over-

throw of the Kurds by Tuniir. VoL v. : The Moghuls down to Timur's
time. VoL vL : Timur and his successors down to Sultan Husain'a
accession in 873 A.H. (1468 a.d.). The best accounts of Mirkhond's
life are De Sacy's "Notice sur Mirkhond" in his Memoircs sur
divcrses aniiquitis de la Perse, Paris, 1793 ; Jourdain's "Notice d«
I'histotre universeUe de Mirkhond" in the Notices et Extraits, toL
ix., Paris, 1812 (togetherwith a translation of the preface, the history
of the Ismailians, the conclusion of the sixth volume, and a portion
of the appendix) ; Elliot, History of India, vol. iv. \i. 127 sq.

\

Morley, Descriptive Catalogue, London, 1854, p. 30 sq. ; Rieu, Cat.

of Persian ilSS. of the Brit. Mus., vol. i., London, 1879, p. 87 sq.

Mirkhond's patron, Mir'AUshir, to whom the Rauzat is dedicated,
died three years after him (1501).

Besides the lithographed editions of the whole work Id folio, Bombay, 1S53, ani
Teheran, 1852-56, and a Turkish version, Constantinople, 1842, the following
portions of Mirkhond's history have been published by European Orientalists:
Early Kings cf Persia, by D. Shea, London, 1832 (Oriental Translation Fund);
VHistoire de la dynastie des Sassanides, by S. de Sacy fin the above-mentioned
if^moires); Sistoire des Sassanides (le^le Person), by Jaubert, Taris, 1343; His.
toriapriorum regum Persamni, Pers. and Lat., by Jenish, Vienna, l'S2; Mirehondi
historia Taheridarum, Pers. and Lat,, by Slitscherlik, Giittiniiren. 1814, 2d ed.,
Berlin, 1819 ; Bistoria Samanidarum, Pers. and Lat., by Wilken, Gottingen.
1808 ; Histoire det Samanides, translated by Defr^raery, Paris, 1845; Historia
Ohatnevidarum, Pers.fand LaL, by Wilken, Berlin, 1832; Geschiehte der Stdtane ous
dem Oeschlechte Bujeh, Pers. and German, by Wilken, Berlin, 1835; followed by
Erdraann's Erlduterung und Ergdntung, Kazan, 1836 ; Historia Seldsehuckidarvm.
ed, Vuliers, Gie&sen, 1S37, and a German translation by the same; Histoire dtt
Sultans du Kharetm, in Persian, by Defr^mery, Paris, 1842; History cf tfti

Atabets 0/ Syria and Persia, in Persian, by W. Morley, London, 1848; Historia
Qhuridarum, Pers. and Lat., by Mitschcrlik, Frankfort, 1813; Histoire des Su/tant
Churides, translated into French by Defr^mery, Pai-is, 1S44; Vie de Djtnghii-Khan,
in Persian, by Janbert, Paris, 1841 (see also extracts from the same ith volumt
in French translation by Langlfes in vol. vi. of Ifotices et Extraits, Palis, 1799,

p. 192 sq,, and by Hammer in Sur lea origin^ Russes, St Petersburg, 1S25, p.

62 sq.); "TfmiSr's Expedition against Tuktamish Khin," Persian and French
by Charmoy, in ilihnoires de t'Acad. Imper. de St Petersbourg, 1836, pp. 270-321
and 441-471. (H. E.)

MIROPOLIE, a town of Eussia, situated in the govern;

ment of Kursk, district of Suja, 83 miles south-west oi

Kursk and 25 miles from the Sumy railway station. U
is supposed to have been founded in the I7th century,

when it was fortified against the raids of Tartars. The
fertility of the soil led to the settlement of large villages

close by the fort, and the 10,800 inhabitants of this town

are still engaged inostly in agriculture. There is also an

extensive manufacture of boots.

MIRROE. It is only since the early part of the 1 6th

century that mirrors have become articles of household

furniture and decoration. Previous to that time—from the

12th to the end of the 15th century—pocket mirrors or

small hand mirrors carried at the girdle were indispensable

adjuncts to ladies' toilets. The pocket mirrors consisted

of small circular plaques of polished metal fixed in a shallow

circular box, covered with a Ed. Mirror cases were chiefly

made of ivory, carved with relief representations of loTo
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or domestic scenes, hunting, and games, and sometimes
illustrations of popular poetry or romance. Gold and
silver, euameb, ebony, and other costly materials were
likewise used for mirror cases, on which were lavished the

highest decorative efforts of art workmanship and costly

jewelling. The mirrors worn at the girdle had no cover,

but were furnished with a short handle. In 625 Pope
Boniface IV. sent Queen Ethelberga of Northumbria a
present of a silver mirror: and there is ample evidence

that in early Anglo-Saxon times mirrors were well known
in England. It is a remarkable fact that on many of the

sculptured stones of Scotland, belonging probably to the

7th, 8th, or 9th century, representations of mirrors, mirror

cases, and combs occur.

The method of backing glass with thin sheets of metal

for mirrors was well known in the Middle Ages at a time

when steel and silver mirrors were almost exclusively

employed. Vincent de Beauvais, writing about 1250, says

that the mirror of glass and lead is the best of all " quia

vitrum propter transparentiam melius recipit radios." It

is known that small convex mirrors were commonly made
in southern Germany before the beginning of the 16th
century, and these continued to be in demand under the

name of bull's-eyes (Odisert-Auffen) till comparatively

modern times. They were made by blowing small globes

of glass into which while still hot was passed through
the pipe a mixture of tin, antimony, and resin or tar.

^Vhen the globe was entirely coated with the metallic com-
pound and cooled it was cut into convex lenses, which of

course formed small but well-defined images. It appears
that attention was drawn to this method of making mirrors

in Venice as early as 1317, in which year a "Magister de
Alemania," who knew how to work glass for mirrors, broke
an agreement he had made to instruct three Venetians,

leaving in their hands a large quantity of mixed alum and
Boot for which they could find no use.

It was, however, in Venice that the making of glass

mirrors on a commercial scale was first developed; and
that enterprising republic enjoyed a rich and much-pri2ed
monopoly of the manufacture for about a century and a
half. In 1507 two inhabitants of Murano, representing

that they possessed the secret of making perfect mirrors

of glass, a knowledge hitherto confined to one German glass-

house, obtained an exclusive privilege of manufacturing
mirrors for a period of twenty years. In 1564 the mirror-

makers of Venice, who enjoyed peculiar privileges, formed
themselves into a corporation. The products of the
Murano glass-houses quickly supplanted the mirrors of

polished metal, and a large and lucrative trade in Venetian
glass mirrors sprang up. They were made from blown
cylinders of glass which were sUt, flattened on a stone,

carefully polished, the edges frequently bevelled, and the
backs "silvered" by an amalgam. The glass was remarkably
pure and uniform, the "silvering" bright, and the sheets
sometimes of considerable dimensions. In the inventory
of his effects made on the death of the great French
minister Colbert is enumerated a Venetian mirror 46 by
26 inches, in a silver frame, valued at 8016 livres, while
picture by Raphael is put down at 3000 livres.

The manufacture of glass mirrors, with the aid of Italian

workmen, was practised in England by Sir Robert Mansel
early in the 17th century, and about 1670 the duke of

Buckingham was concerned in a glass-work at Lambeth
where flint glass was made for looking-glasses. These old

English mirrors, with bevelled edges in the Venetian
fashion, are still well known.
The Venetians guarded with the utmost jealousy the

eecrets of their varied manufactures, and gave most excep-

tional privileges to those engaged m such industries. By
their statutes any glassmaker carrying his art into a

foreign state was ordered to return on the pain of

imprisonment of his nearest rektives, and should he

disobey the command emissaries were delegated to slay|

the contumacious subject. In face of such a statute

Colbert attempted in 1664, through the French ambassador

in Venice, to get Venetian artists transported to France to

develop the two great industries of mirror-making and

point-lace working. The ambassador, the bishop of

B^ziers, pointed out that to attempt to send the required

artists was to court the risk of being thrown into the

Adriatic, and he further showed that Venice was seUing to

France mirrors to the value of 100,000 crowns and lace to

three or four times that value. Notwithstanding these

circumstances, however, twenty Venetian glass-mirror

makers were sent to France in 1665, and the manufacture

was begun under the fostering care of Colbert in the

Faubourg St Antoine, Paris. But previous to this the art

of blowing glass for mirrors had been actually practised at

Tour-la-Ville, near Cherbourg, by Richard Lucas, Sieur de

Nehou, in 1653; and by the subsequent combination of

skill of both establishments French mirrors soon excelled

in quality those of Venice. The art received a new impulse

in France on the introduction of the making of plate glass,

which was discovered in 1691. The St Gobain Glass

Company attribute the discovery to Louis Lucas of Nehou,
and over the door of the chapel of St Gobain they have

placed an inscription in memory of " Louis Lucas qui in-

venta in 1691 le methode de couler les glaces et instaUa la

manufacture en 1695 dans le ch&teau de Saint Gobain."
Manufacture.—The term "silvering," as applied to the forma-

tion of a metallic coating on glass for giving it the properties of a

mirror, was till quite recently a misnomer, seeing that till about
1840 no silver was used in tie process. Now, however, a large

proportion of mirrors are made by depositing on the glass a coating
of pure silver, and the old amalgamation process is comparatively
'ittle used.

The process of amalgamation consists in applying a thin amalgam
of tin and mercury to the surface of gla^s, which is done on a
perfectly flat and horizontal slab of stone bedded in a heavy, iron
bound wooden frame, with a gutter running round the outer edge
On the surface of this table, which must be perfectly smooth and
level, is spread a sheet of thin tin-foi],somewhat larger than the glass

to be operated on, and after all folds and creases have been com-
pletely removed, by means of stroking and beating with a covered
wooden rubber, the process of " quickening " the foil is commenced.
A small quantity of mercury is rubbed lightly and quickly over the
whole surface, and the scum of dust, impure tin, and mercury is

taken off. Mercury is then poured upon the quickened foil, until
there is a body of it suflScient to float the glass to bo silvered (about

\ inch deep), and, the edge at one of the sides having been cleared
of the scum peculiar to mercury, the glass (scrupulously cleaned
Bimiiltaneously with the above operations) is slid from that side over
the surface of the mercury. Weights are placed over the surface
until the greater part of the amalgamated mercury is pressed out,
the table is then tilted diagonally, by means of dumb-screws, and
all superfluous mercury finds its way to the gutter. The glass
is loft twentj'-four hours under weights; it is then turned over
silvered side up, and removed to a drainer with inclining sholves,
where by slow degrees, aa it dries and hardens, it is brought to a
vortical position, which in the case of large sheets may not bo
arrived at in less than a month. This process yields excellent
results, producing a brilliant silver-white metallic lustre whidi is

only subject to alteration by exposure to high temperatures, or by
contact with damp surfaces ; but the mercurial vapours to which
the workmen are exposed give rise to the most distressing and fatal ,

affections.

In 1835 Baron Liebig observed that, on heating aldehyde with
an ammoniacal solution of nitrate of silver, in a glass vessel, a
briUiant deposit of metallic silver was formed on the surface of the
glass. To this observation is due the modern process of silvering
plass. In practice the process was introduced about 1840; and it

'^
nT ^"'"^'^ °°> ^'^ several modifications, in two distinct ways,

called the hot and the cold process respectively. In the former
method there is employed a horizontal double-bottomed motallio
table, which is heated with steam to from 35° to 40° C. The glass
to bo silvered is cleaned thoroughly with wet whiting, then washed
with distiUed water, and prepared for the sUver with a sensitizing
solution of tin, which is well rinsed ofiT immediately before ita
removal to tho sUvcnng table. The table being raised to tl.e
proper temperature, tho glass la kid, and the dlvering solution at
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once poured over it, before the heat of the table has time to diy
any part of the surface of the glass. The solution used is prepared
as follows:—in half a litre of distilled water 100 grammes of
nitrate of silver are dissolved ; to this there is added of liiiuid

ammonia (sp. gr. 0880) 62 grammes; the mixture is filtered, and
made up to 8 litres with distilled water, and 7 '5 grammes of tartaric

acid dissolved in 30 grammes of water are mixed with the solution.

About 2 '5 litres are poured over the glass for each superficial metre
to be silvered. The metal immediately begins to deposit on the
glass, which is maintained at about 40° C. (104° F.), and in little

more than half an hour a continuous coating of silver is formed.
The silvered surface is then cleaned by very cautiously wiping with
a very soft chamois rubber, and treated a second time with a
solution like the first, but containing a double quantity of tartaric

acid. This solution is applied in two portions, and thereafter the
glass is once more carefully cleared of all unattached silver and
refuse and removed to a side room for backing up.

In silvering by the cold process advantage is taken of the power
of inverted sugar to reduce the nitrate of silver. This process has
been adopted for the silvering of mirrors for astronomical telescopes,

notably for Leverrier's great telescope in the Paris Observatory. For
ordinary mirror silvering the following is the process recommended
by H. E. Benrath. Two solutions are prepared, the fiist of which
contains the silver salt, and the second the sugar jjreparation. For
the silver solution 800 grammes of nitrate of silver and 1 200 grammes
of nitrate of ammonium are dissolved in 10 litres of water, and 1 "3

kilos of pure caustic soda in 10 Litres of water, and of each of these

solutions 1 litre is added to 8 litres of water, which is allowed to

rest till the sediment forms and then decanted. The second solu-

tion—inverted sugar—is prepared by dissolring 150 grammes of loaf

sugar with 15 grammes of vinegar in 0'5 litre of water, and boiling

the solution for half an hour. After cooling it is made up with water
to 4200 cubic centimetres. The silvering is done on horizontal

tables in a well-lighted and moderately heated apartment, and the

glass is cleaned with scrupulous care. For each square centimetre

of glass operated on 15 cubic centimetres of the silver solution

above described are measured out, and from 7 to 10 per cent, of

the solution of inverted sugar is added, both being quickly stirred to-

gether and poured rapidly and evenly over the glass. The reduction

immediately begins, and the solution exhibits tints passing through
rose, violet, and black, till in about seven minutes it again becomes

transparent and the deposit of metal is complete. This first deposit

is extremely thin, and allows the transmission of bluish rays.

The exhausted solution with floating and unattached dust-like

granules of silver is carefully mped oft', the silvered surface washed
with distilled water and again treated with the mixed solutions to the

extent of half the quantity used in the first application. The finished

surface is wiped and washed in the most thorough manner,—for

the least trace of caustic soda left would destroy the mirror. The
further processes are the same in both methods of silvering.

The deposit of- silver on glass is not so adherent and unalter-

able under the influence of sunlight amd sulphurous fumes as

the tin-mercury amalgam, and moreover real silvered glass has a

slightly yellowish tinge. These defects have been overcome by a

process introduced by M. Lenoir, which consists of brushing over

the silvered surface with a dilute solution of cyanide of mercury,

which instantaneously forming a kind ofamalgam renders the deposit

at once much whiter and more firmly adherent than before. To
protect the thin metallic film from mechanical injury and the

chemical action of gases and vapours, it is coated mth shellac

or copal varnish, over which when dry are applied two coatings of

red-lead paint.

Platinum Mirrors.—A cheap process of preparing mirror glass is

to some extent prosecuted in France, whereby a thin but very

adherent deposit of platinum is formed on the glass. A solution of

chloride of platinum with a proportion of litharge and borate of

lead, dissolved in essential oil of spike is applied with a brush to

well-cleaned glass, which is then placed on edge in a mutfle furnace,

and the platinum is thus burned in, forming an exceedingly thin

but brilliant metallic backing having a somewhat grey lustre. It

is used only for the lids of cheap boxes, toys, ornamental letters, &c.

Magic Mirrors.—Hand mirrors of metal are still in common use

in Oriental countries, and espec-ally in Japan and China they con-

tinue to be the prevalent form of looking-glass. In the former

country indeed bronze mirrors are articles ot the greatest importance

in the generally meagre furnishing of houses, and besides possess

a religious significance. They have been known and used from

the most remote period, menHon of them being found in Chinese

literature of the 9th century. The (reputed) first made Japanese

mirror, preserved at Ise, is p.n object of the highest veneration in

Japan, and an ancient mirror, connected Tvith which is a tradition

to tke effect that is was given by the sun-goddess at the foundation

of the empire, is a principal- article of the Japanese regalia. The

mirrors of Japan vary in form and size, but in general they con-

sist of thin disks, from 3 to 12 inches in diameter, of specuhnn

metal with handles cast in one piece. The polished face of the

mirror is slightly convex in form, so that a reflected image is seen

proportionately reduced in size ; the back of the disk is occupied

with characteristic Japanese ornamentation and inscriptions in

bold relief, and its rim is also raised to the back. Much attention

has been attracted to these mirrors by a singular physical peculi-

arity which in a few cases they are found to possess. These are

known as magic mirrors from the fact that when a strong beam of

light is reflected from their smooth and polished surface, and
thrown on a white screen, an image of the raised ornaments and

characters on the back of the mirror is formed with more or less

distinctness in the disk of light on the screen. This peculiarity has

at no time been specially observed by the Japanese, but in China it

attracted attention as early as the 11th century, and mirrors

possessed of this property sell among the Chinese at ten or

even twenty times the price sought for the ordinary non-sensitive

examples. The true explanation of the magic mirror was first

suggested by the French physicist Person, who observed that

the reflecting surface of the mirrors was not uniformly convex,

the portions opposite relief surfaces being plane. There-

fore, as he says, "the rays reflected from the convex portion

diverge and give but a feebly illuminated image, while, on

the contrary, the rays reflected from the plane portions of tho

mirror preserve their parallelism, and appear on the screen as an

image by reason of their contrast with the feebler ilUiminatiou of

the rest of the disk." That such differences of plane in the mirror

surface arise is an accidental circumstance due to the manner in

which it is prepared, a process explained by Professors Ayrton and

Perry, by whom ample details of the history, process of manu-

facture, and composition of Oriental mirrors have been published.

A preliminary operation in polishing the surface consists of scoring

the cast disk in every direction with a sharp tool. The thicker

portions with relief ornament offer more resistance to the pressure

of the tool than the thin flat portions, which tend to yield and form

at first a concave surface, but this by the reaction of its elasticitj'

rises afterwards and forms a slightly convex surface while the more

rigid thick portions are comparatively little affected. This irregu-

larity of surface is inconspicuous in ordinary light, and does not

visibly distort images ; but when the mirror reflects a bright light

on a screen the unequal radiation renders the minute differences of

surface obvious. The ingenious theory of Person has been estab-

lished by experiments communicated by M. Govi to the academy

of Turin in 1864-65, and more recently by investigations of MM.
Bertiu and Dubosq. See Annates de Chimic et de Physique (5th

ser., vol. XX.). (J- P-^-^

Ancient Mirrors.

The mirror of classical antiquity (KaToirrpov, speculum) was

a thin disk of bronze slightly convex on one side and polished,

usually provided with a handle, sometimes mounted on a stand

in the form of a female figure (see Costume, vol. vi. p. 453,

fig. 1), sometimes fixed inside a circular bronze case. The

common size is that of an ordinary hand mirror. Examples

large enough to take in the whole figure appear to have be«ii

rare. Mirrors of glass are mentioned, and though none of them

have been found their existence need not be questioned altogether,

since the process of silvering occasionally employed on bronze mirrors

suggests that an analogous process may have been applied to glass.

But the very large number of mirrors still existing from antiquity

shows that bronze was the regular material employed. The alloy

known as speculum, producing a very hard metal with great reflecting

power, is comparatively seldom met with. Silver mirrors are men-

tioned, but none have as yet been found.

The principal feature of ancient mirrors, especially those of

Etruria, is the design incised on the back (see Etbueia, vol.

viii. p. 643). "While twelve incised specimens are all that are

as yet known from Greece, the number found iu Etruria must

be neariy a thousand. As a rule the subjects incised axe

taken from Greek mythology and legend, the names of the

persons represented being frequently added in Etruscan letters

and orthography. In most cases the style of drawing, the types

of the figures, and the manner of composing the groups are true

to the characteristics of Greek art. Some may have been im-

ported from Greece ; but the greater number appear to have been

more or less faithfully imitated from such designs as occurred on

the almost innumerable printed Greek vases which the Etruscans

obtained from Greece. Even where distinctly Etruscan figures are

introduced, such as the heroes ^lius and Cailius "V ibenna on a

mirror in the British Museum, Greek models are followed.. The

characteristics of Greek art-here referred to date from a little before

400 B.C., and last for some time after. In this period would fall

the majority of the Etruscan mirrors, and to this period also belong

the Greek incised mirrors, among which may be menlioned for their

beauty one representing Leucas and Corinthus, inscribed with their

names (engraved, Monuments tf««, 1873, pi. 3, published by the

Association pour I'encouragementdes Etudes Grecques), and another

in the British Museum (GasetU Arch., ii. pi. 27), on the back of

which is a figure of Eros which has been sdvered over. With this

last-menHoned mirror was found the bronze case used to contain it
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on the back of which is a group of Aplirodito and Eros in repouss^e.

It was found in Creta. But most of the Greek mirroni and mirror-

cases having artistic designs are from Corinth. One bcar« the name
of the artist, 'AwoK\as iwoiti (engraved. Arch. Zeitung, 1862, pi.

166, fig. 1).

Archaic art (aboiit 500 B.C.) is represented by a mirror in tlie

British Museum from Sunium in Attica. The mirror itself is quite

plain, but the stand is composed, of a draped female figure, above

whose head float two cupids. From Etruria there is a comparatively

•mall number with archaif^ incised designs. It maybe concluded that

the luxury of mirrors enriched with incised designs was not freely in-

dulged before 400 B.C. in Etruria and never to any extent in Greece.

A special centre of incised mirrors was the Latian town of Prteneste

(Polestrina), and it is of interest in regard to some of the mirrors

found there that they have inscriptions in early Latin. Artistically

Ihey have a purely Greek character. Plain mirrors ,are found

wherever Greek and Roman civilization spread, and it may be seen

from a specimen found in Cornwall, now in the British Museum,
that the Celtic population of England had adopted the form and
substance of the mirror from their conquerors. This specimen is

enriched with a Celtic pattern incised. The shape of the handle

testifies to native originality. Mirrors were used in Greece, perhaps

rarely, for divination, as appears, for example, from Pausanias (vu.

21, 5), the method being to let the mirror down into a well by
means of a string till it reached close to the surface of the water.

When it was pulled iip after a little it was expected to show the

face of the sick person on whose behalf the ceremony was performed.

This was at Patras.

The principal publications on ancient mirror* are Gcrfaard, Elruikische Spteyel,

B«rlin, 1S^3-G7,4 vols., containing 430 plates; (or the GrccK mirrors, Mylonas,
'EAAnKuca KaTOirrfia, Athens. 1S76. and Dumont, Bulle!. df Corrtsp. Ilellen., 1877,

p. liw : see also Krleileiichs, Klfimre Kunst unit Industrie im Atterthum, DUssel-
dorf, 1S71, p. 18 iq; and 3iarquardt and Moromacn, Handbuch der rUmischm
illfrlhimrr, \-lL pt. 2, p. C70. (A. S. M.)

MIRZAPUK, a district in the North-Western Provinces

of India, lying between 23° 51' 30" and 25° 31' N. lat.,

and between 82° 9' 15" and 83° 0' 36" E. long., is bounded
on the N. by Jaunpur and Benares, on the E. by ShahibAd
and Loh4rdagA, on the S. by SargujA state, and on the W.
by AlIahibAd and Rewah state, and has an area of 5217
square miles. It is crossed from cast to west by the

Vindhya and KAimur ranges. A central jungly plateau

connects these, and separates the valley of the Ganges
from that of the Son.

The population in 1872 was 1,015,203 (males, 520,496; females,
491,707), of whom 949,644 were Hindus, 64,809 Mohammedans,
and 750 Christians. The non-Asiatic population numbered 623.
Only three towns had a population exceeding 5000 :—Mirzapur,
67,274; Chanir, 10,154; and Ahraura, 9091. Out of a Govem-
mont-aisessed area of 3048 square miles, 1313 are cultivated, 497
cultivable waste, and 1233 uncultivable. The part of Mirzapur
which lies north of the Vindhyas is very highly cultivated and
thickly peopled, but the rest of the district consists largely of
ravines and forests, with a very sparse population. Local manu-
factures comprise carpets of a superior description, brass ware, and
ihellac. The E.ost Indian Railway traverses the district, along the
right bank of the Ganges, for a distance of 32 miles. The climate
is slightly warmer and damper than that of districts farther north
and east. The mean annual rainfall is 427 inches.

MirzApur, chief town and administrative headquarters
of the above district, is situated on the south bank
of the Ganges, 56 miles below AllahAbAd (25° 9' 43" N.
lat., 82° S8' 10" E. long.). The population in 1872 was
67,274, of whom 55,917 were Hindus and 11,053 Mo-
hammedans. Up to quite recent years MirzApur v/as
the largest mart in upper India for grain and cotton ; but
of late its commercial importance has rapidly decreased,
owing to the establishz:ent of through railway communica-
tion with Bombay via Jabalpur, and the rise of Cawnpore
to the position of a mercantile centre. Tlie river front
lined with stone tjhdts or flights of stairs, and exhibiting
numerous mosques, Hindu temples, and dwelling-houses of
the wealthier merchants, with highly decorated facades and
richly carved balconies and door-frames, is handsome ; but
the interior of the town is mainly composed of mud huts.
The manufacture of shellac gives employment to about four
thousand persons ; brass ware and carpets are also made,
rho imports consist of grain, sugar, cloth, metals, fruit
ipices, tobacco, lac, salt, and cotton ; the same articles]

»ith manufactured lac-dye, shellac, and ghi, are exported.

MISDEMEANOUR. " The word misdemeanour," says

Russell (Oil Crimes, vol. i. chap, iv.), " is applied to all those

crimes and offences for which the law has not provided a

particular name." Stephen, in his Digest of the Criminal

Law, adopts the following mode of distinguishing between

misdemeanour and other crimes. " Every crime is either

treason, felony, or misdemeanour. Every crime which

amounts to treason or felony is so denominated in the defini-

tions of crimes hereinafter contained. All crimes not so

denominated are misdemeanours." It is customary to speak

of misdemeanour as implying a less degree of crime than

felony (see Felony). "Misdemeanours," observes Russell

in the passage already cited, "have been sometimes termed

misprisions ; indeed the word misprision, in its larger sense,

is used to signify every considerable misdemeanour which

has not a certain name given to it in the law, and it is said

that a misprision is contained in every felony whatsoever,

so that the offender may be prosecuted for misprision at the

option of the crown." Misprision, in a more restricted sense

(or negative misprision), is the concealment of an offence.

Positive misprisions are contempts or misdemeanours of a

public character, e.g., mal-administration of high officials,

contempt of the sovereign or magistrates, &c. The rule

as to punishment, when no express provision has been made
bylaw, is that "every person convicted of a misdemeanour

is liable to fine and imprisonment without hard labour

(both or either), and to be put under recognizances to keep

the peace and be of good behaviour at the discretion of

the court" (Stephen's Digest, art. 22). By 28 & 29 Vict,

c. 67 prisoners convicted of misdemeanour and sentenced

to hard labour shall be divided into two divisions, one of

which shall be called the first division, and when a person

convicted of misdemeanour is sentenced to imprisonment
without hard labour the court may order him to be treated

as a first-class misdemeanant, who shall not be deemed
a "criminal prisoner" within the meaning of that Act.

The Prison Act, 1877 (§§ 40, 41), requires prisoners con-

victed of sedition or seditious libel, or attached for contempt
of court, to be treated as misdemeanants of the first class.

In New York and some other States of the American
Union the legislature has defined felony as any crime

which is or may be punishable with death or imprisonment
in a State prison, all other crimes being misdemeanours.
MISHNAH. The ifishnah, in the most familiar appli-

cation of the name, is the great collection of legal decisions

by the ancient rabbis which forms in each Talmud the text

on which the Gemara rests, and so is the fundamental
document of the oral law of the Jews. The question

What is Mishuah'? was asked, however, as early as the

latter part of the 1st or the early part of the 2d century,

though in a somewhat different eense and for a somewhat
different purpose.^ It will be answered in the course of

this article in all its bearings.

1. Name.—Rabbinic tradition has fixed the pointing

Mishnah (i^J^'P) by giving its status conUrudus as

ilishnath. Although the word Mishtiah is not found in

the Bible, it is no doubt a classical Hebrew term, signi-

fying something closely akin to Mishnek (which term
'occurs more than once there), as maybe seen on comparing
Mikvah with Mihveh, Miknah with Mikneh, Maalah with
Ma'aleh, and Mat'ah -with Mar'eh, each two of which are,

however they may vary in practical application, un-
questionably synonymous terms. The practical signifi-

cations of Mishnah are seven in number:—(1) repeti-

tion, i.e., tradition i^ as such it is the equivalent of the

' See T. B., Kiddushin,i9a.
' The root Shanoh (nJB'), from which ilishnah is immediately de-

rived, is not merely, as is often thought, to Uam, to teach, but to
repeat ; and it is in reality this last meaning which underlies the two
former.
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Scvrepaxreis ot Epiphanius/ Llie (raditiones et SeurepaJcrets

of Jerome,^ the Seuripuia-ii of Justinian,' and the n''3B'

min^ (" tlis second to the law ") of the Arukh*
; (2) re-

citation from memory, in contradistinction to readiiig from
a book f (3) study : aa such it is the equivalent of

Midrash In the former part of its third signification
; (4)

instruction : as such it is the equivalent of Midrash in

the latter part of its third signification j^ (5) system,

style, view, line of study and instruction : as such it is

identical with the Talmudical Shittah ; f (6) a paragraph

of the Mishnah: it is invariably employed in this sense in

the Babylonian Talmud, and is identical with the word
Halakhah, used for the same purpose, in the Palestinian

Talmud ; and (7) the collection of the decisions of the

whole "oral law," i.e., the Mishnah in the concrete sense.

The word Mishnah has three different plurals :—(1) the

traditional Mishnayoth for signification (7), formed on
the analogy of Mikvaoth (not, as some think, on that of

Mikraoth or Midrashoth)
; (2) the correct, though ques-

tioned, Miskniyyoth for signification (6), formed on the

analogy of Parshiyyoth from Parashah (or Parshah), not

to speak of that of Mdasiyyoth from Mctasth; (3), the

somewhat inelegant, but correct, Mishnolh,^ which also

serves for signification (6). Significations (1), (2), (3),

(4), and (5) have, however inconsistent it- may appear

when one takes into consideration their respective equi-

valents, no plural whatever. So much for the Hebrew
Mishnah. The Aramaic Mathnitho • will be spoken of

later.

2. Contents and Nature.—The Mishnah consists chiefly

of Halakhah;^ there is, comparatively speaking, little

Agadah '" to be found in it. It is not, however, as many
think, either a commentary on the Halakhic portions of the

Pentateuch, or on the ordinances of the Sopherim, or on

both together. It rather presupposes the knowledge of,

and respect for, both the Mosaic and the Sopheric laws,

and it only discusses, and finally decides on, the best mode
and manner of executing these. The discussions and
eventual decisions to be found in the Mishnah owe their

existence principally to deep meditation -on these two
kinds of laws, notably on Ihe former, by the rabbis of

various ages, but chiefly by those who lived fifty years

before and one hundred and fifty years after the rise of

Christianity, the names of whom it faithfully gives, along

with their respective discussions and decisions. There are

but few cases to be found in the Mishnah which would
critically come under the denomination of an Halakhah le-

Moskeh mis-Sinai, i.e., an explanation (of a law) as directly

* Hmres., XV. (kot^ ypafi^arfuiv), in fine. Epiphanius was a native

of Palestine, even if he was not, as some think, of Jewish parentage.

Aa a Palestinian writer on Jewish and semi-Jewish matters he mast
have had a more than superficial knowledge of the Jewish traditions

Jthe Mishnah, &c.). And indeed, to judge from the account he gives

of the various Jewish traditions (although the text of this account is

extremely corrupt in every way), he was pretty well informed. For
he tells us that tlie Jews have four kinds of traditions :—such as are

ascribed to Moses (by which he no doubt means the Halakhah le-

Mosheh misStnai) ; such as are asci-ibed to the sons of Asmonasus
(by which he means the Tekanoth, &c. , of the Beth Dino shel Hash-
jTionai\ see T. B.,'Abodah Zarah, 36i}; such as are ascribed to R.

'Akibah (the great teache: and martyr) ; and such as are ascribed to

R. Andan, &c. (Rabbi Yehudah Hannasi).
^ In Isaiam, cap. viii. 11-15.

' Xvv. cxlvi. (Tlipl 'Eppaiaiv) Ke<p. a, in medio.
* Article nJCD (first definition).

5 Contrast Shanoh (HJE') with Kara (NT^).

^ See article MiDEASa, p. 285.

' See Schiller-Szinessy, Vaialogue of Scbrew ilSS. in the .^amoridge

University Library, ii. p. 94.

8 See MS. Add. 464 (University Library, Cambridge), leaf 283d.

' This word, derived from the root Ualokh C^^H), to go, is synony-

mous with Uinhag (custom, practice) and Mishpat (rule), 4c.
'" For the meaning of this term and the Agadic parts which are to

4e found in the Mishnah, see Midrash.

given by God to Moses, and in uninterrupted succession
received from him by the rabbis. Several cases given
under this name in the Mishnah are not bona Jide cases;"
for the test of such an Halakhah is that it must nevei
have been contested by any one.'^

3. Method.—A Mishnah, if genuine, never begins with
a passage of the Pentateuch, and even comparatively
seldom brings direct proof from or gives reference to it.

When there is any exception to this rule it will be found,
on close examination, either that such a paragraph belongs
to a very early age (that of the Sopherim), or that it is to
be found in another work of the " oral law," and is simply
copied in the Mishnah, or, what is more likely, that, if

independent, it belongs to a very late age, or, finally, that
the proof oi the reference thus given is oidy a later addi-
tion. One example of the true method of the Mishnah will,

perhaps, better illustrate the foregoing statement than a
sheet fuU of theorizing on the subject; and this one example
will the more surely suffice because of its mixed (Mosaic
and Sopheric) character. It is the very first paragraph ol

the whole Mishnah, aud runs thus :
" From what time (ol

the day) does (may, should) one read the Shema' ('the
taking upon oneself the yoke of the heavenly kingdom

')

in the evening?" Ih^ Mishnah does not begin : One ie

in duty bound to read the Shemd in the evening, because
it is written (Deut. vi. 7), " And when thou liest down."
For, in the first place, the law to read the Shemd evening
and morning is not unquestionably Mosaic, as the words,
"And thou shalt talk of them, &c.," do not refer to
this passage of the law particularly, but rather to the
words of the Pentateuch in general;^' and, secondly, it is

needless to say that one is id duty bound to recite the
Shemd twice a day, since every Jew readily' acknowledges
this duty and executes it, although it is not Mosaic. This
duty of reading the Shemd, the grounds on which this

duty rests, and how it is best fulfilled, are fully and
ably discussed, developed, and finaUy settled in that
part of the Talmud called Gemara^^—the business of
which it is to discuss the words of the Mishnah and to
show the sources of the tradition, and eventually the pas
sage in the Pentateuch (if on such the case rest) from
which the respective disputants had derived their views, &c.

4. Purpose.—Although it is a book containing Halakhic
decisions, the Mishnah was never intended, as many think,

to enable the reader thereof to decide from it immediately.
This mistake is old '' and widely spread,—but a mistake
nevertheless. The purpose of the Mishnah was and is

simply to exhibit the development of the "oral law"
and the view taken of this development by the rabbis of

various times. For this reason one finds side by side

with the opinions of the majority those also of the

minority, which latter are very carefully given. But
why, since these opinions of the minority can have no
decisional effect ? The Mishnah itself {'Edvyyot/i,^^ i. 5)

^^ See R. Asher b. Yehiel (Harosh), Hilehhoih Mitvaoth (coming
close after this Rabbi's commentary on Niddah, in the printed editions

of the Bab. Talmud), i. 1.

^ There are, however, at least sixteen such bonafide Cases to be found

in the works of the '*oral law."
" See T. B., Berakhoth, on Deut. xi. 19.

** Qemara, or Oemoro, signifies concretely discussion on and final

settlement of the contents of the Mi&hnah, from gemar ("103), to study

deeply, to come to a final result ; which last signification is, to some

extent, to be found also in the Hebrew root gamor ("lb3). Compare

T. B., Bobo Melsio, 33a, and Rashi, in loco.

"^ See T. B., Sotah, lla.
" The word ninj) is variously pointed :

—

'Aduyoth, 'Ediyoth, and, as

in the text, 'Eduyyoth, which last, if the name come from TWWt
because of the testimony of the witnp-ssps on which this Massekheth

chiefly rests, would be the only correct one. But it ought to be

remarked that the Babylonian teachers must have spelled il'Idiyyoih

(best things), since its equivalent is given by them aa Behirto (or

Behirolho). See T. B., BeraJchcth, 27o and elsewhere.
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answers this question : it is that the teacher or the judge

of. later ages may be thus enabled, if he have good grounds

for taking a view different from that of the majority as

given hundreds of years before, to reverse the old decision,

by forming, on the strength of the example before him,

with others who agree with him (or without them, if

only one vote was wanted to reverse the majority) a fresh

majority. Thus the Jewish " oral law " can never becomp

ossified like the laws of the Medes and Persians.

5. Lanyvagt.—The Miihnah is, on the whole, written

in almost pure Hebrew; and even the originally non-

Hebrew words (Aramaic, Greek, Latin, &c.) are so skil-

fully Hebraized that they are a most creditable testimony

to the linguistic powers both of many of the disputants

mentioned in it, whose very words are in most cases given,

and of the editor ' or editors who revised them.

6. Age and Authorship.—R. Yehudah Hannasi (the

Prince), the reputed author' (in reality only the principal

and best among the editors) of the Mishnah, was born

before the year 140 of the Christian era. His name was

in full Yehudah b. Shime'on b. Gamliel b. Shime'on b.'

Gamliel- b. Shime'on b. HLUel. On account of his holy

living he was surnamed Kabbenu Hakkadosh, aijd on

account of his great learning and authority he was called

simply "Rabbi" (" My Teacher" par excellence). Rabbi and

his time, however, are no terminus a quo for the composi-

tion of the Mishnah. For, not- to speak of many isolated

ifishniyyoth which can be brought home to R. Meir, to R.

"Akibah, to HiUel,^ to Yose b. Yo'ezer,* and to others, even

to the earlier Sopherim,^ we find that R. Yose b. Halaphta
of the 1st century already quotes the beginning and end-

ing of a whole Mishnic treatise (Kelim •'), and that in- the

same century (or very early in the 2d) another treatise

consisting of early testimonies I^Eduyyoth '') was put into

order. Moreover, although the phrases Mishnath R.
Eliezer h. Ya'akob^ and Mishnath B. 'Akibah^ do simply
signify the systems, styles, and views of these two
eminent teachers, there can be little doubt that they and
others besides them, presided over colleges in which the

whole Halakhic matter was systematically treated and
regularly gone through. Nor are Rabbi and his tune for

the composition of the Mishnah a terminus ad quern, for the
Mishnah was not brought to a close till a very long time
afterwards. Not only did R. Hiyya Rabbah, R. Hosha'yah
Rabbah, and Shime'on bar Kappara redact Mishnayoth,'^^

but in the Mishnah before us notices are actr.ally found
which reach to the end of the 3d century, if not even later.

The statement that Rabbi was the first to write down the

' The Hebrew spoken in the house of the principal editor of the
ilithnah was so correct that rabbis actually learnt the meaning of
uncommon worda of the Bible from the handmaidens of this house.
See T. B., Rosh Basshanah, 264. As for Kabbi himself, he was not
merely a fine Hebrew scholar, but a fine Greek scholar also. He was
also a purist ; for in T. B. , Sotah, 496, he is reported to have exclaimed,
"Why should any one speak in Palestine 'Sursi' ? Let him fpeak
either Hebrew or Greek !

" In using the word " Sursi " for " Surith
"

(Syriac), he no doubt makes a punninj allusion to the mixed (cut-np)
character of the language, corrupted from Hebrew, Chaldee, Persian,
Greek, and Latin.

' Tliis was the teacher of St Pan).

'i"'.^'*A"°°
»"> *»<:'' well-known AgadicJ^iVAntyyott as t.'iose which

are distinctly ascribed in Abothi.o HiUel, see Mishnah Kidaiishin, iv
]; and contrast it with the language and style of the MUhnah in
general, and that of MatKkhIo Kiddmhin in particular.

* Mtihnah Eduyyoth, vUi 4
» See Mishnal. Maaser ^(, v. 7; Sotah, v. 1, 2; Nega'im, lii.

6 6 r, &c., though a cannot be said that these passages preserve
the teaching of the &.;-/,/>rimia their original purity

' See Mishnah Keli«i, in Jint.

' SeeT. B,, Beraiholh, J3a:'"lt is handed down oraUy (K3n) that
(when R. El'azar b. "Aiaryah was installed

, I.e., redacted

Eduyyoth was on that

M president) gone throu^'li

'T. B., Yebamoth, 41''.,

• Mishnah Synhedrin, i

" See i:ohclelh JiabhaJi „ li i in mtdia.

Mishnah. is untrue, because the thing is impossible. For

the two Talmuds, of which that of Babylonia was not

finished before the 6th century (if then), know, certainly,

nothing of the writing down of the Mishnah. On the

contrary, their language throughout presupposes the Mish-

nah in their time to have been what its name indicates, a

repetition, i.e., a thing acquired by continual recitation,

because, like the other works of the, "or^l law" (Torah

shebbe'al peh), it was to be, and was, handed down orally."

As for the difficulty of keeping in memory such a stu;

pendous and vast work as the Mishnah, it is sometimes

forgotten in this controversy that memory was aided by

a great variety of mnemotechnic means, such as numbers

and names of teachers, and by the existence of other works

of the "oral law," which, although they also were not

written down, could be easily kept in memory because

they rested on letters, words, and verses of the written

Pentateuch. Anyhow, there is ample evidence, both nega-

tive and positive, that the Mishnah as we now have it

was not committed to writing in the times of Rabbi or

for long afterwards. But it certainly does not follow

that no merit is due to Rabbi in connexion with the

Mishnah. His merit in connexion with it is great in

every way. For (1) Rabbi was himself a link in the

chain of tradition, since he had "received" from his

own father and so on up to his ancestor Hillel and even

higher; (2) he gave in the Mishnah his own decisions,

in most cases in accordance with those of the famous R.

Meir, which are thus in a great part secured to us
; (3)

in giving his own decisions he preserved to us also a
good many decisions of the teachers of the 2d century

;

(4) in collecting all these decisions he anxiously ascertained

the genuine formulas of the older Mishniyyoth ;^^ (5) he
did not merely reproduce the formulas which he esteemed
the best, but discussed them anew in his own college,

which was composed of men of the highest eminence, as
is well known; (6) although he gave on the whole the
very language of the teachers who preceded him, he
gauged it, guarding it against the barbarisms which are
so plentiful in the other works of the " oral law " ; and (7)
he scattered the Mishnah broadcast (though only by word
of mouth) over all Palestine and Babylonia by means of

the disciples who flocked to him from all parts of those
countries. If the Mishnah, as it now" exists, is not entirely

his, it certainly belongs to him iti a great measure and ia

more than one sense.

7. Value and Appreciation.—Whatever can be said in

favour of the Agadah applies with equal if not greater
force, to the Mishnah, as the latter is a canonical and
therefore more reliable work of the "oral law:" The
Mislaiah is one of the richest mines of archaeology which
the world possesses. But it waits yet for the master
touch to break the spell which holds it bound. Great,
however, as the value of the Mishnah is, its popu-
larity has never been steady, but has been continually
fluctuating, and that for various reasons. Even Rabbi
in his time had to appeal for due attention to it. Whilst
it was neglected in troublous times by the masses, who
ran after the Agadah,^^ which, besides being consoling,
needed no particular study, it was, in prosperous times,
neglected by the rabbis themselves,
the Bible and the* Talmud." And

through the study of

much more was this

"See particularly T.,B., JBobo Metsio, 33a and 6; and compare
also Kashi, in loco.

See T. Y.
, Ma'aser Sheni, T. 1 ; and compare the preceding note.

" See MiDRASH, p. 285, note 14.
" R. Yohanan said. This Mishnah (Boraitho), that no study can ex-

cel that of Ganara, was taught in the time of (and by) Rabbi himself.
Then the people went after Oemara and neglected the study of the Misfy-
noA. Whereupon he again bade thcni ever run more after Mishnah
than after Gemara. T. B. , Boho Melsi'o, 33b, and Rashi, in toco.
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the case when the Talmud had developed from a mere
etudious activity to two concrete works of large size.

8. The Ultimate Writing Dmim of the Mishnah.—The
troubles of the unhappy Jews had multiplied everywhere.

The masses, as already stated, preferred, in consequence of

these troubles, the Agadah. But the number of the

learned also diminished through these troubles day by day
;

and the comparatively few that remained preferred more
and more the Talmud (in Palestine the Palestinian and in

Babylonia the Babylonian), which was a better field for

the exercise of their ingenuity. The fate of the Mishnah
would- have been sealed had it not been ultimately

written down. But the writing down of Halakhah en

masse had been prohibited in early times. Two considera-

tions, however, ultimately removed all scruples. (1) It

was a time to do something for God, even if by such doings

His law was apparently destroyed.^ Let one (and a minor)
law be disregarded, so that many (and higher) laws be
preserved. The Halakhoth of the Mishnah were numerous
and the students few ; the power of tyranny increased and
that of the memory decreased by reason of the persecution.

(2) The language of the Mishnah, although pure, and in-

deed purer than the language of several books of the Bible,

was so concise and terse that it could not be understood
without a commentary ; and, therefore, even after being
written down, it would virtually retain its oral character.

9. Recensions.—The Mishnah has three principal recen-

sions :—(1) the Mishnah as presented in the work standing
by itself ; (2) that on which the Palestinian Talmud rests

;

and (3) that of the Babylonian Talmud. The first-named

and the last-named Mishnayoth have always been known
as complete ; the second, however, was supposed for

several hundred years to be imperfect, lacking four

Perafcim in Shabbath, two entire Massekhtoth in the Seder

Nezikin, the whole of the Seder Kodoshim, and by far the

greater part of the Seder Tohoroth? But since 1869 this

recension also has been known to have been always com-
plete ; and it is to be found in its entirety in a MS. pur-

chased in that year for the University Library of Cam-
bridge (Add. 470. 1). Besides these three there are many
minor recensions, touching, however, only isolated read-

ings. These last are to be attributed chiefly to copyists.

The origin of the difference between the principal recen-

sions is to be sought in the following two facts:—(1)

Rabbi had himself gone twice through the Mishnah and
had bimself considerably altered the wording of the text;'

and (2) his successors in early and late times had wilfully

altered and corrected the original text.

10. Divisions and Detailed Contents of the Mishnah.—The Mish-
nnh in all recensions is divided into six Sedarini (ordei-s), each of
which contains a number of i/nssctWofA''. (treatises), which stand
in connexion with one another. These are subdivided into Perakim
(chapters), and these again into Halakhoth or Mishnitjyoth (para-

graplis called Mishnoth).' The number of the Scdarim is six,

Slat of the Massekhtoth sixty,' and that of the Perakim 523, or,

' This is a somewhat inexact application of Ps. cxix. 126, but it has
been more than once acted upon both in ancieut and modern time-s by
the Jews. Compare the explanation given in T. B., BerakJwth, 63n.

and Menahoth, 99a.
' Siddah is the only Massekheth of this Seder of which three entire

Perakim are to be found in the printed editions. Compare Schiller-

Szinessy, Oecasional Kotices, &c., i. (Cambridge, 1S78, 8vo) p. 8.

' See T. B. , fiobo Metsi'o, 44a, and elsewhere.
* Wliether the word Massekheth comes from Masokh (^DO, to pour

Into, to mix, &c. ), or from Nasnkh (^D3, to pour, to mix, to weave,

Ac), it signifies in either case here a mould, a form, a frame. Mas-
seklieth has three several plurals :— (1) the common Massekhtoth (not

MassikJitoth) ; (2) the less common Massekhoth (sec MS. Add. 470. 1,

belonging to the University Library of Cambriilge, leaf 69n and else-

where) ; and (3) Massekhliyyoth (niTIDDO), see Midrash Rabbah on
Canticles vi. 8, 9. The Aramaie Massekhto (not Massikhto) has in the

plural Massekhotho, the use of which is, however, very uncommoD.
* Compare above, p. 503.
' Compaxe ilidraah Jiabbah on Canticles vL 8, 9.

with a fourth Perek to Sikkurim, 524.' The following is a schemt
of the whole Mishnah.'

I. Zera'im (on Agriculture, preceded by the Treatise on Thanks-
givings '). (1) £e:roi-A«<A (blessings), in nine chapters

; {2) Pcah
(Lev. xix. 9, &c. ), in eight chapters

; (3) Dcmai (fruit, grain,
&c., doubtful if tithed), in seven chapters ; (4) Kil'ayim (mixtures
of plants, animals, and garments respectively), in nine chaptcis

;

(5) Skebi'ithiye&T of release), in ten chapters
; (6) Tentmoth (gifts

to the priests), in eleven chapters
; (7) Ma'aser Sheni" (Deut. xiv.

22-27), in five chapters
; (8) Ma'aser Jiishon, otherwise Ma'ascroth

(Levitical tithes), in five chapters
; (9) Hallah (Num. xv. 19-21),

in four chapters; (10) 'Orlah (Lev. xii. 23), in three chapters;
and {\l) Bikkurim (Deai. xxvi. 1-10), in three (commonly four)
chapters.

IL IIo'ed (on Festival Times). (1) Shabbath (Sabbath), in
twenty-four chapters

; (2) 'Erubin (mixtures, i.e., ideal union of
divided spaces), in ten chapters

; (3) Pesah (commonly Pesahim,
i.e., Passover), in ten chapters; (4) Kijrpurim (commonly Yoma,
i.e., "the day "[of atonement]), in eight chapters; (5) Shekalim
(Exod. XXX. 12-15), in eight chapters

; (6) Sukkah (Lev. 'xxiii.

34-43),-in five chapters
; (7) Betsah ("an egg," so called from the

beginning of the treatise; also Yom Tob, i.e., on work prohibited,
or permitted, on festivals), in five chapters

; (8) Jiosh Hasshanah
(on the various kinds of new year, as religious or civil, the king's
accession and coronation, &c.), in four chapters

; (9) Tdaniijyoth
(fast-days), in four chapters

; (10) Megillah (reading of the book of

Esther, other readings, itc. ), in four chapters; (11) Hagigah
(festival-offerings), in three chapters; (12) Mashkin (so called from
the beginning of the treatise, but commonly Mded Katan, on work
prohibited, or permitted, on the middle holidays of Passover and
Tabernacles), in three chapters.

III. Nashim (Women). (1) Kashim (so called from the first

distinctive word of the treatise, but commonly Yebamoth, on
sisters-in-law, the levirate, kc), in sixteen chapters; (2) Kethuhoth
(marriage-pacts, settlements, &c.), in thirteen chapters; (3) Nedarim
(vows), in eleven chapters; (4) Nazir (Num. vi. 2-21), in nine
chapters

; (5) GiUin (bills of divorcement and other bills), in nine
chapters; (6) Kiddushin {hetrothsX and marriage), in four chapters;

(7) Sola (mostly Sotcih, Num. v. 12-31), in nine chapters.

IV. Nezikim, commonly A'ciiA'i?! (Damages, &c.; see Exod. xxi.,

xxii. , &c.). (1) Kezildn (commonly Boho Kammo, the Former
Gate, in ten chapters ; Bobo Metsi'o, the Middle Gate, in ten

chapters; and Bobo Balhro,.the Last Gate, in ten chapters"), in

thirty chapters; (2) Synhekrin (courts of justice, &c.), in eleven

chapters; (3) MaJckoth ("forty stripes save one,"&c.), in three

chapters ; (4) Shebu'oth (oaths, &c. ), in eight chapters; [5]'Eduyyoth
(testimonies) or 'Idiyyoth (chiefest or best things '-), in eight chap-

ters
; (6) 'Abodah Zarah (idolatry), in five chapters ; (7) Aboth

(see MiDRAsn, p. 286), in five chapters; (8) Morayoth (judicial

errors, teachings, and decisions), in three chapters.

V. Kodoshim (Holy Things). (1) Zcbahim^^ (sacrifices), in

fourteen chapters ; (2) Menahoth (meat-otferiDgs), in thirteen

chapters ; (3) Shchilath HuUin (slaying animals for common food

;

commonly HuUin, or common food), in twelve chapters ; (4) Be-

khoroth (the first-born of beast and man), in nine chapters ; (5)

'Arnkhim, commonly Erachin (on valuations ; see Lev. xxviL

2-33), in nine chapters
; (6) Temurah (Lev. ix. 10, 33), in seven

chapters
; (7) Karcthoth, not Kcrithoth (sins the punishment of which

is excision), in six chapters; (8) Mc'ilah (Num. v. 6, 7), in six chap-

ters
; (9) Middolh (description of the temple and its measurements ;

see Midrash, p. 286), in five chapters
; (10) Tamid (perpetual or

daily sacrifice), in six (commonly arranged iu seven) chapters ; ;il)

Kinnim (sacrifices of birds), in three chapters.

VI. ToHOROTH (Purifications). (l)A'('/i'«i (impurities of vessels),

in thirty chapters
; (2) Oholoth (Num. xix. 14-16, kc), in eighteen

chapters
; (3) Ncgdivi (plague of lepiosy in man, house, and

garment), in fourteen chaptei-s
; (4) Farah (Num. xix. 1-19), in

twelve chapters ; (5) Tnhoroth (euphemism for impurities), in ten

chapters
; (6) Mikvaoth (religious baths), in ten chapters ; (7)

Niddah (Lev. xv. 19-33), in ten chapters ; (8) Maklishirim (liquids

' Others include, instead of a fourth Perek of Dikkurim, the Perek

Rabli Meir, i.e., the treatise " On the Acquisition of the Law." The

original Mishnah, however, had neither of tliese two Perakim.
8 In this scheme the Cambridge JIS. of the Mishnah is taken as

the groundwork, while the variations in title. &c.. are given from the

common texts.

' Compare St Paul's words, Eph. v. 20, ti>xof)i(rToS>Tts viyTurt

viTfp niyruy.
,

'» On the apparent anomaly of Ma'aser Sheni preceding Maascr

Rishon, see Scliiller-Szinessys Catalogue of Hebreif MSS. t» the

Cambridge University Lil-rary, vol, ii. p. 1, note 4.

" In the Cambridge JIS. Add. 470. 1, Massekhto Xezikiii is given

correctly as one, coiit.iining thirty chapters. Compare T. B., Bob*

Kammo, leaf 102a, 'Abodah Zarah, la. aud Midrash Shemuel, V.

" See p. 503, note 16.

" Also known uudcr .'^tiehitalh Kodoshim.

16—TV*
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pre<1i'iposing for the contraction of impurities, Lev. xi. 34), in six

cliapters
; (9) Zabim (Lev. xv. 2-33), in five chapters; (10) Tebul

Yom (Num. xix. 19), in four chapters ; (11) Ycuiariim. (purification

of the hands), in four chapters ; (12> 'Okotsin (stalks, peel, Jtc, of

fruit), in three chanters.

11. £y.(io/«.—The editions of the ^/isAiuiA, whether as a book

by itself or as contained in the Babylonian Talmud, are too

nurflerous" to bo mentioned here. The edilio princeps of the

AlisAnaK, as a seiiarate book, appeared (with Maimonides's com-

menUry) at Naples in 1492 (see Maimonides), and that as

conUined in the Babylonian Talmud at Venice in 1520-23, both

in folio. As part of the Palestiui.in Talmud the Mishnah came

out also at Venice, in 1523-24, folio. This Talmud, however,

being defective, its Afuhnah naturally is incomplete too (see

p. 505) ; and it is, moreover, " corrected " by the scribe of 1288-89

(see Schiller-Szincssy, Occasional Noticfs, tc, i. pp. 8, 11). The

syndics of the University Press of Cambridge have therefore laid the

learned public under considerable obligations by publishing for the

first time the complete original Mishtiah on which the Palestinian

Talmud rests, from the uniijue MS. preserved in the University

Library.'

12. Translaticnts.—There exist translations of the Mishnah in

lAtin, German, and English. (1) There is a Latin translation by

the brothers Abendana (R. Ya'akob and R. Yitshak). The former

was Haham {Hakham, i.e., chief rabbi) of the Sepharadim in

England, and the latter was teacher of Hebrew and Rabbinic at

Cambridge and Oxford successively. Both brothers, correspond-

ents in 1660 of Buxtorf, were fine Hebrew and Latin scholars (see

Schiller-Szinessy, "The Abondanas," in Jewish World oi Dezerribet

5, 1879). This translation is preserved in the Cambridge Univer-

sity Library MS. Mm. 1. 4-8.= (2) The Abendanas' version was

before Surenhusius when he compiled, from old and new mate-

rials, his Latin translation, which appeared (with the text of the

ifishnah and the translation also of the commentaries of Mai-

monidesand " Bertinoro ") at Amsterdam in 1698-1703, folio. The
great indebtedness of Surenhusius to the Abendanas is a fact either

unknown to or ignored by the bibliographers.' (3) A German
translation by Rabo came out in German letters at Onolzbach in

1760-63, 4to. (4) The vei-sion last-named was in the possession

of the anonymous author of the translation, printed in Rabbinic

letters, in the Vienna edition of the Mishnah with the commentary
Kaph NahcUh, 1817-35, 8vo. This author (or editor) silently

"used" the work of his predecessor. (5) Both these translations

were surpassed in German diction, as well as in correctness of

rendering, by that which came out in Hebrew square letters at

Berlin in 1332-34, 4to, and which, no doubt, belongs to J. M.
Jost the historian. (6) The English translation which came out at

London in 1843, 8vo, by De Sola .md Raphael, extends only over

eighteen treatises.

13. Commentaries.—The commentaries on the Mishnah are

almost as numerous as the editions, and cannot therefore be speci-

ally enumerated hero. The principal and the oldest, however, are

the following. (1) The two Talniuds themselves, of which, at

present,'' the Babylonian is the only (and that but compara-

tively) perfect one, or at all events the more extensive of the two.

It ought, however, to be stated, first, that the Palestinian Talmud
has Gcmara on the whole order Zcra'iiii, whilst the Babylonian

has it on the first " treatise " only of that order (Bcrakholh),

and, secondly, that the Gemarath Shckaliyn in the Babylonian
Talmud is only borrowed from the Palestinian Talmud. (2) The
commentaries on Zera'im, Tohorolh, ic, by Rabbcnu Hai Gaou,
who was the last, most learned, and in every way noblest of the

Geonira.' He flourished in the 10th and 11th centuries. Pirtofthe
commentaries (viz. , that on Tohorolh) has appeared in the collection

* See Mr W, H. Lowe's able edition of this grand work
(
The

.Mishnah on which the Palestinian Talmud rests, Cambridge, 1S83,

8vo).

' According toPicciotto (Sketches of Anglo-Jcwifh History, London,
1875, 8vo, p. 55), R. Yitshak Abendana translated the Mishnah and
its oonimentaries (Maimoniiles and ** Bertinoro "?) also into Sp.Tnisb.

' Surenhusius wai also aided in his grand work by the books and
notes of Guisius (in Berakhoth, Peah, Dimni, KiVayim, Shebiilh,

Terumoth, and Maaseroth, i.-iii. 3), Schmid(in Sluibbuth and 'Erubin),

Houting (Rosh Hasshanah), Lund (Tdanith), Otho (Shekalim),

Wagenseil {Sitah), Cocceius {Makkoth), Fngius {Aboth), Arnokli
(Tnmid), L'Enipereur (Middoth), and Ulmaun (^einAiin and Kare-
Ihoth). But without the Abendanas Sureubusius could never have

commenced, much less executed, the great task he had before him.
* For the probability that the missing parts of the Palestinian

Talmud will one day come to light somewhere in the East, see Schiller-

Szinessy in the Academy, February 23, 1878 ; Ne-Chalia, xi. ; and
Steinschneider, Uandschriften- Verzeichnisse der kOnigliclun Bibliothtk

<u Berlin, ii. , &c. (1878, 4to), )•. 65, where a passage of Palestinian

Qernara oi'Okotsin is actually quoted.
' He was also a poet of no mean standing. See his Musar ITaskel

or Hassekhel), ed. princ. Fano, ISO.I (?), 4to.

Kobets Maase Yede Gemim, fcc. (Beriin, 1856, 8vo). (3) The com-

inentary on various treatises of the B. Talmud, and indirectly on

the Mishnah, by Rabbenu Gershom Meor Haggolah (the "Light of

the Diasporn,"' flourished in the 10th and llth centuries). Frag-

ments of this commentary are incorporated in the ordinary Talmud

editions (e.g., Nedarim, 226, ic), but the greater part lies as yet

in manuscript in various libraries. (4) The commentary of Rabbenu

Hananeel, who lived at Kairawan (in Africa) in the 10th and llth

centuries. His commentary on the Talmud, and thus indirectly

on the Mishnah, is now being published in the Vilna edition of the

Babylonian Talmud.' (5) The commentary of Rashi (oft. 1105) in all

those parts of the B. Talmud on which that " prince of commen-

tators wrote. Here ought to be mentioned also the separate

edilio princeps of this commentary as far as the Mishnah is con-

cerned, which appeared at Leghorn in 1653-54, 8vo. (6) The
supplements and additions to the commentary of Rashi by his son-

in-law Rabbenu Yehudah b. Nathan (cj., T. B., Makkoth, 196,

&c.), and by his grandsons Rabbenu Shemuel b. Meir {vulgo

Rashbam; see Pesahim, 996, and Bobo Bathro, 29a, &c.) and

Rabbenu Shema'yah b. Simhah of Vitri,* who interpreted the Mas-

sekhcth Middoth before Rashi, his grandfather (see Schiller-Szinessy,

Catalogue of the Hebrew MSS. preserved in the University Library

of Cambridge, ii. p. 89). (7) The commentary on the whole

Mishnah by Maimonides (q.v.). (8) The commentary by R.

Abraham b. David of Posquieres (,vulgo Rabad) on 'Eduyyoth (see

editions of the B. Talmud), Kinnim (with two other commen-

taries by Rabbenu Zerahyah Ha'Uevi and R. Asher b. Yehiel, Con-

stantinople, 1751,folio),'andonmanyotherJ/isA)i!!/i/i>rt of the orders

Zerdim and T'cto-ofA (in his "strictures "on Maimonides, Mishneh

Torah, books Zerdim and Tohorah). (9) The commentary cf

R. Shimshon of Sens (who, like the foregoing, was a contemporary

and opponent of Maimonides) on the orders of Zerdim (with supple-

ments taken from the works of the somewhat older R. Yitshak b.

Malkitsedek) and Tohorolh." (10) The commentary by R. Meir ot"

Rothenburg (the celebrated captive of Rudolph of Hapsburg); see

under (13) below. (11) The commentary by R. Asher b. Yehiel

(a disciple of the foregoing, who died at Toledo in 1327) on twenty-

one treatises of the orders i. and vi. (12) The commentary on the

whole Mishnah, by Rabbenu 'Obadyah di Bertinoro (flourished in the

15th and 16th centuries), the editions of which are very numerous.

(13) The commentary on the whole Mishnah, by R. Yomtob Lip-

maun Heller (flourished in 16th and 17th centuries). This famous

teacher, rabbi in some of the greatest congregations of the Je'^s

(Prague, Vladimir, and Cracow), incorporated much of t'>e com-

mentary of R. Meir of Rothenburg ; compare under (10).

14. Works Subsidiary and Auxiliary to the Mishnah.—These Math
may be summed UD under the word Mathnitho. Mnlhnithc is nitha

ostensibly the Aramaic equivalent of the Hebrew Mishnah ; in

reality, however, it signifies and comprises, not merely every-

thing which is understood under that name, but also Boraitho

(in full, Mathnitho Boraitho), i.e., four other works of the oral

law, and many literary notices of Mishnio and pie-Mishnic times

besides, which are scattered throughout the Talmuds and other

early Rabbinic works.

The first of these is Tosephto. As its name indicates, Tosrphto Tosepht

is "Addition," i.e., to the canonical Mishnah. All Mishnah
teachers from time immemorial, notably R. 'Akibah and R.

Yehudah Hannasi, left out, when they taught M^ishnah, a largt

mass of kindred and explanatory matter, which they only

occasionally and supplementarily mentioned, i.e., when absolutely

wanted. The chief collection of this additional matter, not incor-

porated in the system of the canonical Mishnah, is called Toi'phcth

in Hebrew and Tosephto (or Tosiphta as some less correctly write it)

in Aramaic. The Aramaic singular and the Hebrew plural occur

already in the Talniuds and Midrashim.^" Tosephto shares with

the Mishnah, which it enlarges and explains, the number of orders

and treatises, but not that of chajiters, of which it has only 452.

The oldest collection of Tosephtic matter, even as the oldest

collection ot Jlishnic matter, is due to R. 'Akibah. But, whilst

* In the synod called together by Rabbenu Gershom, among several

" ordinances" was also one that no Jew is allowed to marry more than

one wife.

' Hix commentary on Pesuhim appeared at Paris in 1868, and that

on Makkoth at Leipsic in 1876, both in 8vo.
* These writers (together with Rabbenu Meir another son-in-law and

Rabbenu Ya'akob another grandson of Rashi) are the first of the so-

called Tosaphists, whose activity continued down to the early part of

the llth century.
^ Whether the commentary on Tamid printed under his nam«,

together with that of R. Asher b. Yehiel on the same treatise (Prague,

1725, 4to), is really his is still matter of dispute.
'" See T. Y., Shabbath, viii. 1, &c. ; T. B., Synhedrin, 86o and else-'

where ; Midrash Kabbah on Ecclesiastes v. 8, ic. There can bo little

doubt that in some places the word SflBDin ought to be transliterated.

Tosephotho (i.e., as plural).
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the ifishnah, as a work, -was first sifted by his aisciple E. Meir,

Tosephto, BB a work, was first sifted by another disciple R. Nehemyah
;

and just as R. Meir's Mish'nah was sifted again by Eabbi and others

after him, and was not written down before the 6th century, so

Tosephto was sifted again by K. Hiyya, R. Hosha'yah, and others,

md was not written down in its entirety before the 6th century.

It is no wonder, tlien, that it now contains matter of a considerably

later age. Tosephto is not merely of great help for understanding

the JUishnah, which is, in a certain sense incomplete without it,

but for the precise and exact knowledge of Jewish archeology and
other sciences, and in its Agadic parts, of which there are many, for

the Greek Scriptures also. Here ought also to be mentioned Abolh
de-Rabbi Nathan, which is, no doubt, Tosephto to the i/ishnah of

Aboth Tosephto used to be printed till within the last forty years ^

as an appendix 'to the Riph, i.e., the EiUkhoth Rab Alphes (a

compendium of the Talmud by R. Yitshak b. Ya'akob Al-Phesi,

or Al-Phasi, i.e., of Fez, ob. 1103), which appeared first with this

appendix at Venice, 1521-22, folio. Here, however, it was not

edited critically or printed with even ordinary care. But in the

Vienna edition of the Babylonian Talmud (1860-72) it came out,

for the first time, worthily after a MS. till then uncoUated which
is preserved in the Court Library. Dr Zuckermandel has since

Enblished it from the Erfurt and Vienna MSS., with collations.' A
atin translation of Tosephto (with the Hebrew text) is to be found,

under the name of Tosaphta, in Blasius Ugolinus's ThcsauTus

ATUiquilaium Sacramm (ivii.-xx.). It comprises, however, only

the orders Zera'im, ilded, and Kodoshim, and came out at Venice
.in the years 1755-57, £oUo.

The second of these pieces of literature is Meihillo. This word
is the Aramaic equivalent of the Hebrew Middah (measure), and
hence signifies mould, form, i.e., of Scriptural exegesis, notably of

part or parts of the Pentateuch. As such it might, of course,

stand for any kind of commentary on any book of the Pentateuch,

and have been composed by any one. And we find, indeed, that

Mekhilto signified at one time a commentary on the books Exodus,
Leviticus, Numbers, and Deuteronomy, either by R. Yishma"el or by
R. 'Akibah,' at another time a commentary on Exodus, by R.

Shime'on b. Yohai,* and at another time again a commentary on the

last four books' of Moses, by (Shime'on) Ben 'Azzai.' Mekhilto

now, however, means a commentary on the greater part of Exodus,

ascribed to E. Yishma'el (flourished in the 1st century) ; although,

in reality, this teacher cannot have been the author of the book,

seeing that his name is more than seventy times mentioned in it.

The reason why the ancients called the book by his name is, no
doubt, because the first words of the real work are Amar Raibi
Yishmdel. Like the other works of the "oral law," JtfeiAtiio was
not written down before the 6th century, a fact which accounts

also, in part at least, for the loss of several portions of this com-
mentary, which, at present, only extends from xil 1 to xxv. 3,

with several gaps between. That Mekhilto was once fuller than it

is now we know, not only from a statement made by Maimonides
and others, but from a MS. (Add. 394. 1, in the Univei-sity Library

of Cambridge, leaf 40i), where an extract is gifen by a Franco-
Germin author of the 12th or 13th century. The Talmud knows
the name Mekhilto, and actually quotes Boraithoth (non-canonical

Mishniyyoth) which are to be found in our book; and yet the

existing Mekhilto can scarcely have been known to the teachers of

the Talmud. Mekhilto is by some called Midrash and by others

Mishnah; both names are in a certain sense correct. It is Mid-
rash in substance, inasmuch as it contains exegesis, and in form,

inasmuch as it is subdivided into Parshiyyoth and follows the order

of the Scriptural verses. But it is Mishnah in substance, inas-

much as it not only deals with the groundwork of the Mishnah,

but consists of Boraithoth (non-canonical Mishniyyoth), and in

form, inasmuch as it is, like the canonical Mishnah, divided into

itassekhtoth. These latter are nine in number, and are called re-

spectively (1) Dephisha (with 18 Parshiyyoth and 1 Pethihto or

introduction),- (2) Beshallah (with 6 Parshiyyoth and 1 Pethihto),

(3) De-ihiretha (with 10 Parshiyyoth), (4) Vayyassa' (with 6 Par-

shiyyoth), (5) 'Amalek (with 2 Parshiyyoth), (6) Yithro (with 2

Parshiyyoth), (7) Bahodesh (with 11 Parshiyyoth), (8) Nezikin and
Kaspo (with 20 Parshiyyoth), and (9) Shabbetho (with 2 Par-
^iijyoth—1 in the pericope Ki thissa and 1 in that of Vayyakhel).

Mekhilto was published first at Constantinople in 1515, under
the name of Sepher Hammekhillo, and in 1545 at Venice as Mid-
rash Bammekhilto. In 1712 it appeared at Amsterdam with a

commentary. In 1744 it appeared again at Venice with a Latin

translation by Blasius Ugolinus ( TAm. Antiq. Sacr., xiv.). In 1801

it appeared at Leghorn with a diflerent commentary. In 1844 it

' That on the order Zerdim came ont at Vilna in 1799, 4to; but

In its entirety it came only out between 1837, 1841, and 1871, folio.

' Issued at Pasewalk and Treves from 1877 to 1882, 8vo.

' See Maimonides's preface to the Mishneh Torah.
* See Nahmanidcs's commentary on the Pentateuch (on Gen. xlii, 31).

• See Ttihasin Hasshalem (ed. Filipowski, London and Edinburgh,

W67. 8Te),"p. 30, coL 2.

came out at Vilna with a new commentary. All these are in folio.

The best and cheapest editions with commentaries are those by
Weiss (1865) and Friedmann (1870), both printed at Vienna, and
in 8vo.

The third of tnese pieces of literature is Siphro. Both Leviticus
itself, because it is the most difficult of all Mosaic books, and
the oldest Rabbinic commentary on it, because it is the mosi;
difficult of all commentaries on the Scriptures, have been from tim*
immemorial known under the name of Siphro (i.e., the. Book).'
This book and this commentary are also called Torath Kohanim,
and the former is spoken of in the Talmud already as Siphro
debe Rub.'' This latter expression has led many great men (among
others Maimonides) ' to ascribe the authorship of this commentary
to Rab (Abba Arikho, a nephew and disciple of R. Hiyya). But
such a view is erroneous in the extreme, as the book is, so far as
form and substance go, both older and later than Rab, paradoxical
as this statement may appear. It is older in its origin and in

its matter, for not merely do all the anonymous Boraithoth which
are to be found in- it belong to R. Yehudah b. Il'ai, a teacher
of the 1st century, but one of the sons of Rabbi (of the 2d
century) had actually taught another rabbi two-thirds of a third,

i.e., two-ninths, of this work.' It is later than Rab, for in it are

found one "authority" and several "results" of much later date

than that of this great Babylonian teacher.'" The fact is, the word
Rab in the phrase Siphro debe Rab is not a proper name at all,

but simply stands for "teacher," and debe Rab thus signifies "ol
a school," a terih used for any teacher and any school of any time.

Although most of the Boraithoth which it contains are as old. as

the 1st century, this book as such cannot have been written down
earlier than the 6th, in accordance with the treatment, in this

respect, of all the other Halakhic works of the "orallaw." Siphro,

although it bears on the pericopes and verses of Leviticus, and is

on account of this fact by many called a Midrash, is in reality

Mishnah,"—a natne borne out by the nature of its contents, which
are mostly Mishnic, and sometimes represent actual canonical

Mishniyyoth. Siphro exhibits a curious conglomeration of matter.

It opens with the "Rules of the Interpretation of Scripture,"

ascribed to R. Yishma'el,—a BoraitJw which, although important

in itself, is not more important for this than for any other com-
mentary on the Pentateuch. And this conglomerate nature shows

itself even more strikingly in form; for Siphro contains as forma

of division Dibburim, Mekhilto, Parshiyyoth (some of which mean
pericopes, whilst others mean chapters), Perakim, and Piskoth.

All this points, of course, to various divisions of the book made at

various times. Whilst none of these divisions can be later than

the 12th century, '- the earliest is at least as old as the 2d, and belongs

perhaps to the 1st.'' Siphro is chiefly of importance for the under-

standing of the Mishnah of the orders Kodoshim and Tohoroth (which

were, no doubt, the earliest Mishniyyoth put into "order") ; but,

whilst it is a sure help for the Mishnah, iheMishnah is no sure help

for it : Siphro is a genuine specimen of the "oral law," inasmuch

as it cannot be mastered without a teacher. Owing to the difiiculty

of understanding it, Siphro has not been often studied, and conse-

quently not often printed. The editio princcps is of 1545 ; the

second edition with the commentary Korban Aharon is of 1609-11,

both at Venice. The third edition with the just-named commen-

tary is of 1702, and came out at Dessau. .The fourth edition, with

a Latin translation, is to be found in Blasius Ugolinus's Thesaurus

Antiquitatum Sacrarum, &c., Venice, 1744 (vol xiv.). All these

are in folio. The fifth edition, with the commentary 'Azaralh

Kohanim (Vol. i.), appeared at Vilna, 1845, 4to. The sixth edition,

with the commentary 'Asirith Baephah, appeared at Lemberg,

1848, folio, "fhe seventh edition, with the commentary Hattorah

Veham-Mitn-ah, appeared at Bucharest, 1860, 4to. "The eighth

edition, with the commentary of B. Abraham b. David of Pos-

quieres, &c., appeared at Vienna, 1862 ; and the ninth edition,

with the commentary by R. Shimshon of Sens, appeared at War-

saw, 1866, both in folio.

The fourth of these pieces of literature is Siphcre. Siphere, or

Siphere debe Rab, which in earlier times certainly included the

oldest Rabbinic commentaries on Exodus, Numbers, and Deu-

teronomy (and perhaps also that on Leviticus), means now the

oldest Rabbinic commentary on the last two books of Moses only.

• See T. B., Berakhoth, ISb, and Rashi, wi oco. The Siphro said

hero to have been studied by Benaiah the son of Jehoiada may well

have been our Leviticus, though of course it cannot have been the

Siphro with which we are here concerned.

^ Jbid.
' Preface to Mishneh Torah.
' See T. B., Kiddushin, 33a.
"> See the pericope Kedoshim, vi.

" Its original founder (R. Yehudah b. Il'ai) identifies MishtuJi ind

Midrash, T. B., Kiddushin, 49a.
1= They were known to R. Abraham b. David (Rabad).

" T. B. , Kidd-jshin, 33o.
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Both boolcs are divided into Pisl-oth (paragraphs), of which Sijihere

on Numbare has 161, whilst that on Deuteronomy has 357. The

ancient division into Borai'.hoth cannot now be uccurately

traced. The work corarcences no* at Numbers v. 1, and goes to

the end of Deuteronomy. The pass-ises anonymously given in

Sifherc are ascribed by the Babylonian Talmnd ' to K. Shime'on b.

Yoh.ii, the favourite disciple of R. 'Akibah, and the reputed author

of the Zoliar. But although he is no doubt the virtual author of

Sipktrc, seeing that most Borailhoth wliicb are to bo found therein

arc his, ho cannot be, technically speaking, its author. For, iu the

6rst place, ho is not ouly repeatedly named in the book, hut several

times actually contradicted by others ; and, secondly, there are

several p^^sages, anonymously given, in the book, which can only

be the result of "Talmudio " study, and must be consequently pos-

terior to the composition of the Talmud. The fact is that Siphere,

like the other works of the "oral law," was not written down
before the 6th century. It ought to be mentioned here that the

rabbis of the 11th, 12th, and 13th centuries, and even somewhat

later, speak also of another Sipherc which they variously designate

as Siphtre Panim Shtni, Siphcre shel Panim Sheni, Siphere Bemid-

bar Sinai, Siphere Ztitla, and Siphcre simj<\y. To judge from the

extracts which have come down to us, that work must not only

have been of much later date, but also of far less value than the work
in our hands. Siphcre appeared for the first time in 1545, and with

t Latin translation by Blasius Ugolinus, in his Thesaurus, &c.

(vol. XV.), in 1744,—both at Venice, and in folio The third

edition appeared at Hamburg in 1789, and the fourth at Sulzbach

in 1802, both in 4to. The filth editi»n, with the commentary Zcni
Abraham, appeared in two volumes, of which the first was printed at

Dyhernfurtin 1811 and the second at Radawell in 1820, both in

folio. The sixth and best edition is that of Friedmann (Vienna,

1864), and the seventh is that of Lemberg, 1866, both in 8vo.

There is also a fifth piece of Slishnic literature known specially

by the name Boraitho. Besides the Eoraithoth constituting

Tcsfphto, Mekhilto, Sipkro, and Siphcre, there are huudrcds of

other Borailhoth to be found scattered about in both Talmuds.
These are, however, mere fragments of tho vast Mishnaijolh (entire

Mishnic works-) composed oy Bar Kappara, Rabbi Hiyya, and
hundreds of other teachers, which in course of time must have
perished. There is, however, enough left of the Mishnah, canonical
and non-canonical, to prove the correctness of the cabbalistic

remark that ^fishnah is the equivalent of Neshamah (soul). This
is no mere trifling based on the fact that the two words dUCD.
nOt'J) accidentally consist of the same letters ; it is rather an
enunciation of an intrinsic truth : what tho soul {Neshamah) is to
the body, the Mishnah is to Mosaism. The soul gives life to the
body, and the Mishnah gives life to the Pentateuch. For the letter
killeth, but tho spirit giveth life ! (S. M. S.-S.)

SIISKOLCZ, capital of the Cis-Tisian county of Borsoa,
Hungary (4S° 6' N. lat., 20° 49' E. long.), is picturesquely

situated in a valley watered by the Szinva, 90 miles north-
east from Budapest, with which, as also with Debreczen
and Kassa (Kaschau), it is directly connected by railway.

Miskolcz is one of the most thriving provincial towns in

the kingdom, and has many fine buildings, including Roman
Catholic, Greek Catholic, Lutheran, and Calvinist churches
and schools, a Minorite convent, synagogue, Hungarian
theatre, hospital, l-oyal and circuit courts of law, salt and
tax offices, and the administrative bureaus for the county.
There are manufactories of snuff, porcelain, boots and shoes,

and prepared leather, and both steam and water mills. The
trade is chiefly in grain, wheaten flour, \\-ine, fruit, cattle,

hides, honey, wax, and the agricultural ptoducls of the
neighbourhood. The great fairs, held five times a year,
are much resorted to by strangers from a distance. Not
far from the town are stone quarries and iron mines. At
the end of 1880 the (civil) population amounted to 24,343,
of whom the majority were Magyars by nationality.

During the 16th and 17th centuries Miskolcz suffered much from
the desolating hordes of Ottomans who then ravaged the country,
as also from the troops of various Transylvanian princes and leaders,
especially those of George Rakoczy and Emcric Tbkblyi. In 1781,
1843, and 1847 it was devastated by fire, and on the 30th August
1878 a great jiortion of the town was laid in ruins by a terrific storm.
(See HuNOAKV, vol. xii. p. 374.)

MISREPRESENTATION. See Fraud.

' Synhedrin, 86i.
' According to T. B., TTagigah, 14a, there existed at one time no

less than six or scveji hmidred Mishnah ordeis.

MISSAL,^ the book containing the liturgy, or office of

the mass, of the Latin Church. This name {e.g., Missale

Gothicum, Francorum, Gallicanum Vetus) began to super-

sede the older word Sacramentary (Sacramentarium, Liber

Sacramcntorum) from about the middle of the 8th century.

At that period the books so designated contained merely

the fixed canon of the mass or consecration prayer

(actionem, precem canonicam, canonem actionis), and the

variable collects, secretaeor orationes super oblata, prefaces,

and post-communions for each fast, vigil, festival, or feria,

of the ecclesiastical year; for a due celebration of the

Eucharist they required accordingly to be supplemented by

other books, such as the Anlip/ionaruim, afterwards called

the Graduate, containing the proper antiphons (introits),

responsories (graduals), tracts, sequences, offertories, com-

munions, and other portions of the communion service

designed to be sung by the schola or choir, and the Lection-

anum (oxEi>istulanum and Evnngelislnrlum) with the proper

lessons. Afterwards missals began to be prepared contain-

ing more or less fully the antiphons and lessons as well as

the prayers proper to the various days, and these were called

tiiissalia plenaria. All modern missals are of this last de-

scription. The Missale Eumamtm ex decreto SS. Concilii

Tridentini resiilulum, now in almost exclusive use through-

out all the churches of the Latin obedience, owes its present

form to the council of Trent, which among its other tasks

undertook the preparation of a correct and uniform liturgy,

and entrusted the work to a committee of its members. This

committee had not completed its labours when the council

rose, but the pope was instructed to receive its report

when ready and to act upon it. The " reformed missal

"

accordingly was promulgated by Pius V. on July 14, 1.570,

and its universal use enjoined on all branches of the Catholic

Church, the only exceptions allowed being in the case of

churches having local and independent liturgies which
had been kept in unbroken use for at least two centuries.*

It has subsequently undergone slight revisions under
Clement Vm.(160i) and Urban VIII. (1634); and various

new masses, both obligatory and permissive, universal and
local, have been added by the competent authority.

Although the Roman is very much larger in bulk than any
other liturgy, it need hardly be explained that the com-
munion office to which it relates is not in itself inordinately

long. By much the greater part of it is contained in the

"ordinary" and "canon" of the mass, usually placed
about the middle of the missal, and occupies, though in

large type, only a few pages in any printed cojiy. The
work owes its bulk and complexity to two circumstances.

On the one hand, in the celebration of the sacrifice of the

mass practically nothing is left to the impulse or discretion

of the officiating priest; everything—what he is to say,

the tone and gestures with which he is to say it, the cut
and colour of the robe he is to wear— is carefully prescribed
either in the general rubrics prefixed to the text, or in the
running rubrics which accompany it.^ On the other hand,
the Roman, like all the Western liturgies, is distinguished

' .tfissalis (so., liber), Missale, from Missa ; see vol. viii. p. 652.
* The English miss.il consequently continued to be used by English

Catliolics until towards the end of the 17th century, when it was
superseded by the Roman through Jesuit influence. Tlie Gallican
liturgy held its ground until much more recently, but has now suc-
cumbed under the Ultramontanism of the bishops.

' In all the older liturgies the comparative absence of rubrics is

conspicuous and sometimes perplexing. It is very noticeable in the
Roman Sacramcntarics, but the want is to some extent supplied by
the very detailed directions for a high poniifical mass in the various
texts of tho Ordo Romanus mentioned below. That there was no
absolutely fixed set of rubrics in use in France during the 8th century
is shown by the fact that each priest was required to write out an
account of his own practice ("libellum ordinis") and present it for
approbation to the bishop in Lent (see BJuje, Cap. Reg. Frai :, i.

824, quoted in Smith's Liicl. of Chr. Antiq., li. 15^1).
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from those of the Eastern Church by its flexibility.

Partly by conscious egort, no doubt, but partly also by

happy accident, a well-marked distinctive character has

been given in one or all of the above-mentioned respects

to the office for each ecclesiastical season, for each fast or

festival of the year,' almost for each day of the week ; and

provision has also been made of a suitable communion ser-

vice for many of the special and extraordinary occasions both

of public and of private life. This richness of variety is seen

not only in the collects but also in the lessons and antiphonal

parts of the service, passages of Scripture in the selection and

collocatior of which an exquisite delicacy of religious and

aesthetic instinct has been for the most part strikingly shown.

The different parts of the Roman communion office are

not aU of the same antiquity. Its essential and character-

istic features are most easily caught, and their rationale

best understood, by reference to the earliest Sacramentaries

(particularly the Gregorian, which was avowedly the basis

of the labours of the Tridentine committee), to the

Gregorian Antiphonary, and to the oldest redaction of the

Ordo Romanus.^ The account of the mass (qualiter Missa

Komana celebratur) as given by the Sacramentarium

Gregorianum, is to the efl"ect that there is in the first place

"the Introit according to the time, whether for a festival

or for a common day ; thereafter Kyrie Eleison. (In

addition to this Gloria in Excelds Deo is said if a bishop

be [the celebrant], though only on Sundays and festivals

;

but a priest is by no means to say it, except only at

Eastertide. When there is a litany (quando letania agitur)

neither Gloria in Excelsis nor Alleluia is sung.) After-

wards the Oratio is said, whereupon follows the Apostolus,

also the Gradual and Alleluia. Afterwards the Gospel is

read. Then comes the Offertorium,^ and the Oratio super

oblata is said." Then follow the Sursum Corda, the Pre-

face, Canon, Lord's Prayer and "embolism" {iii.^aKitT}x.a

or insertion, Libera nos, Domine), given at full length

precisely as they still occur in the Roman missal.

In every liturgy of all the five groups a passage similar

to this occurs, beginning with Sursum Corda, followed

by a Prefact and the recitation of the Sanctus or

Angelic Hym" The "canon" or consecration prayer,

which in aU of them comes immediately after, invariably

contains our Lord's words of institution,, and (except in the

Nestorian liturgy) concludes with the Lord's Prayer and
" embolism." But within this framework there are certain

differences of arrangement, furnishing marks by which the

various groups of liturgies can be classified (see vol. xiv.

p. 709 sq.). Thus it is distinctive of the liturgy of

Jerusalem that the " great intercession " for the quick and

the dead follows the words of institution and an Epiklesis

(tTTixXijo-ts ToC TTvcv/taTos ayiov) or petition for the descent

of the Holy Spirit upon the gifts ; in the Alexandrian the
" great intercession " has its place in the Preface ; in the

East Syrian it comes between the words of restitution and
the Epiklesis ; in the Ephesine it comes before the Preface

;

while in-the Roman it is divided into two, the commemora-
tion of the living being before, and that of the dead after,

the words of institution. Other distinctive features of the

Roman liturgy are (1) the position of the "Pas" after the

consecration, and not as in all the other liturgies at a very

early stage of the service, before the Preface even ; and

(2) the absence of the Epiklesis common to all the others.^

' For the genealogical relationships of the llrman with other

liturgies, th? reader is referred to the article Litubot (vol. xiv. 706

sq. ), where some account is also given of the three Sacramentaries.

For the doctrines involved in the " sacrifice of the mass," see

EccHABisT, vol. viii. p. 650 sq.

- Some editions do not mention the Offertory here.

' This was one of the points discussed at the council of FloreflSe,

and Cardinal Bessarion for a time succeeded in persuading the Greeks

to give up the Epiklesis.

The words of its "canonical prayer" are of unknown
antiquity ; they are found in the extant manuscripts of the

Sacramentarium Gelasianum, and were already old and of

forgotten authorship in the time of Gregory the Great, who,
in a letter to John, bishop of Syracuse {Registr. Epist., vii.

64), speaks of it as " the prayer composed by a 'scholastic'

"

(precem quam scholasticus composuerat). The same
letter is interesting as containing (.• regory's defence, on the

ground of ancient use, of certain parts of the Roman ritual

to which the bishop of Syracuse had taken exception as

merely borrowed from Constantinople. Thus we learn

that, while at Constantinople the Kyrie Eleison was said by
all simultaneously, it was the Roman custom for the clergy

to repeat the words first and for the people to respond,

Christe Eleison being also repeated an equal number of

times. Again, the Lord's Prayer was said immediately
after the consecration aloud by all the people among the

Greeks, but at Rome by the priest alone.

The somewhat meagre and imperfect liturgical details

furnished by the Sacramentarium Gregorianum are supple-

mented in a very full and interesting manner by the succes-

sive texts of the Ordo Romanus, the first of which dates

from about the year 730. The ritual they enjoin is that

for a pontifical high mass in Rome itself ; but the differences

to be observed by a priest "quando in statione facit missas"
are comparatively slight. Subjoined is a precis of Ordo
Romanus I.

It is first of all explained that Rome has seven ecclesia!.tical

regions, each with its proper deacons, subdeacons, and acolvt»a.

Each region has its own day of the week for high ecclesiastical

functions, which are celebrated by each in rotation. [This accounts
for the Static ad S. Mariam, Majorem, ad S. Crucem in Jerusalem,
ad S. Petrum, &c., prefixed to most of the masses in the Gregorian
Sacramentary , and still retained in the " Proprium de Tempore" of

the Roman missal.] The regulations for the assembling and
marshalling of the procession by which the pontiff is met and then
escorted to the appointed station are minutely given, as well as foi

the adjustment of his vestments " ut bene sedeant," when the
sacristy has been reached. He does not leave the sacristy Lntil the
Introit has been begun by the choir in the church. Before the
Gloria he takes his stand at the altar, and after the Kyrie E'eison
has been sung (the number of times is left to his discretion) h«
begins the Gloria in Excelsis, which is taken up by the choir. Dur.
ing the singing he faces eastward; at its close he turns round for &
moment to say " Pax vobis," and forthwith proceeds to the Oratio.*

This finished, all seat themselves in order while the subdeacon
ascends the ambo and reads [the Epistle]. After he has done, the
cantor with his book (cantatorio) ascends and gives out the response
(Responsum) with ihe Alleluia and Tractus in addition if the season
calls for either. The deacon then silently kisses the feet of the
pontiff and receives his blessing in the words " Dominus sit in corde
tuo et iu labiis tuis." Preceded by acolytes with lighted candles
and subdeacons burning incense, he ascends the ambo, where he reads
the Gospel. At the close, with the words "Pax tibi'' and
"Dominus vobiscum," the pontiff,' after another Oratio, descends
to the " senatorium " accompanied by certain of the inferior clergy,

and receives in order the oblations of the rulers (oblationes princi-

pum), the archdeacon"who follows taking their "amulas" of wine
and pouring them into a larger vessel ; similar offerings are received

from the other ranks and classes present, including the women.
This concluded, the pontiff and archdeacon wash their hands, the

offerings being meanwhile arranged by the subdeacons on the altar,

and water, supplied by the leader of the choir (archiparaphonista),

being mingled with the wine. During this ceremony the schola

have been engaged in singing the Offertorium; when all is ready the

pontiff signs to them to stop, and enters upon the Preface, the sub-

deacons giving the responses. At the Angelic Hymn {Sanctxts) all

kneel and continue kneeling, except the pontiff, who rises alone

and begins the Canon. At the words "per quern hsec omnia" the

archdeacon lifts the cup with the oblates, and at " Pax Domini sit

semper vobiscum " he gives the peace to the clergy in their order,

and to the laity. The pontiff then breaks ofT a particle from the

consecrated bread and lays it upon the altar; the rest he places on
the paten held by the deacon. It is then distributed while Agnus
Dei is sung. The pontiff in communicating puts the particle into

the cup, saying, '
' Fiat commixtio et consecratio corporis et sangiiinis

Domini nostri Jesu Christi accipientibus nobis in vitam oeternam."

Those present communicate in their order under this species also.

* Quam collectam dicunt, Ord. Ron. II.

•* After singing "Credo in unum Deum," Ord. Rom. II.
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As the poDtiGT desccDds into the scnatorium to give tlie communion,

tlie schola begins "'« communion Antiphan, and continues singing

the Psalm until, nil the people liaving communicated, they receive

the sign to begin the Gloria, after which, the verse having been

•sain repeated, they stop. The celebrant, then, facing eastward,

offsrs the Oratio ad Complendum, wliich being finished the arch-

deacon says to the people, " Ite, missa est." they responding with

"Deo gratias."

To complete our idea of the Roman communion office as it

n-as prior to the end of the 8th century we must now turn to

the Gregorian Antiphonarius sive Gradualis Liber ordinatus

per circuium anni, which as its name implies contains those

variable portions of the mass which were intended to be

sung by the schola or choir. It gives for each day for

crhich a proper mass is provided—(1) the Anl'phona (Anti-

phona ad Introitum) and Psalmus
; (2) the Responsorium

and Versus, wiih its Alleluia and Versvs
; (3) the

Offertorixtm and Versus ; (4) the Communio and Psalmus.

Borne explanation of each of these terms is necessary. (1)

The word Ani'phon (avTitjxitvov, Old English Anlefn,

English Anlhem) in its ecclesiastical use has reference

to the very ancient practice of relieving the voices of the

singers by dividing the work between alternate choirs. In

one of its most usua' meanings it has the special si^ifica-

tion of a sentence (usually scriptural) constantly sung by

one choir between the verses of a psalm or hymn sung by

another.' According to the Roman liturgiologists it was

Pope Celestine who enjoined that the Psalms of David

should be sung (in rotation, one presumes) antiphonally

before mass ; in process of time the antiphon came to be

eung at the beginning and end only, and the psalm itself

was reduced to a single verse. In the days of Gregory

the Great the introit appears to have been sung precisely

as at present,—that is to say, after the antiphon (proper

and par excellence), the Psalmus with its Gloria, then the

antiphon again. (2) The Responsorium,, like the Greek

pntiphon, derives its name from the responsive manlier of

singing. As introduced between the epistle and gospel it

was probably at first a comparatively long passage, usually

au entire psalm or canticle, originally given out by the

cantor from the steps from which the epistle had been

read (hence the later name Graduale), the response being

taken up bj" the whole choir. (3) The Offertorium and
Comm/unio colTespond to the "hymn from the book of

Psalms " mentioned by early authorities (see, for example,

Augustine, Retr., ii. 11 ; Ap. Const., viii. 13) as sung

before the oblation and also while that which had been

offered was being distributed to the people. ^A very

intimate connexion between these four parts of the choral

service can generally be observed ; thus, taking *the first

JSunday in the ecclesiastical year, we find both in the

Ardiplwnary and in the modern Missal that the tintiphon

is Ps. XXV. 1-3, the psalmus Ps. xxv. 4, the responsorium

(graduale) and versus Ps. xxv. 3 and xxv. 4, the offertorium

and versus Ps. xxv. 1-3 and Ps. xxv. 5. The communio
is Ps. Ixxxv. 12, one of the verses of the responsorium

being Ps. Ixxxv. 7. In the selection of the introits there

are also traces of a certain rotation of the psalms in the

Psalter having been observed.

The first pages of the modern Roman missal are occupied

with the Calendar and a variety of explanations relating

to the year and its parts, and the mannsr of determin-

ing the movable feasts. The general rubrics (Rubricx

Generates ilissalit) follow, explaining what are the various

kinds of mass which may be celebrated, prescribing the

hours of celebration, the kind and colour of vestments to

be used, and the ritual to be followed (ritus celebrandi

missam), and giving directions as to what is to be done in

case of various defects or imperfections which may arise.

The Prseparaiio ad Missam, which comes next, is a short

pianual of devotion containing psalms, hymns, and prayers

to be used as opportunity may occur before and aftei

celebration. Neyt comes the proper of the seasor.

(Proprium Missarum de Tempore), occupying more thah

half of the entire volume. It contains the proper introit,

collect (one or more), epistle, gradual (tract or sequence),

gospel, offertory, secreta (one or more), communion, and

post-communion for every Sunday of the year, and alsO

for the festivals and ferias connected with the ecclesiastical

seasons, as well as the offices peculiar to the ember days,

Holy Week, Easter, and Whitsuntide. Between the office

for Holy Saturday and that for Easter Sunday the ordinary

of the mass {Ordo Mi-ssx), with the solemn and proper pre

faces for the year, and the canon of the mass are inserted.

The proper of the season is followed by the proper of the

saints (ProprMm Sanctoruin), containing what is special

to each saint's day in the order of the calendar, and by the

Commune Sanctorum, containing such offices as the com-

mon of one martyr and bishop, the common of one nartyr

not a bishop, the common of many martyrs in paschal time,

the common of many martyrs out of paschal time, and the

like. A variety of masses to be used at the feast of the

dedication of a church, of masses for the dead, and of votive

masses (as for the sick, for persons journeying, for bridegroom

and bride) follow, and also certain benedictions. Most

missals have an appendix also containing certain local

masses of saints to be celebrated " ex indulto apostolico."

Masses fall into two great subdivisions :—(1) ordinary or

regular (secundum ordinem ofEcii), celebrated according

to the regular rotaHon of fast and feast, vigil and feria, in

the calendar
; (2) extraordinary or occasional (extra ordinem

officii), being either "votive" or "for the dead," and from

the nature of the case having no definite time prescribed

for them. Festival masses are either double, half-double,

or simple, an ordinary Sunday mass being a half-double.

The difference depends on the number of collects and

secretaB ; on a double only one of each is offered, on a half-

double there are two or three, and on a simple there may
be as many as five, or even seven, of each. Any mass

may be either high (missa solennis) or low (missa privata).

The distinction depends upon the number of officiating

clergy, certain differences of practice as to what is pro-

nounced aloud and what inaudibly, the use or absence of

incense, certain gestures, and the like. Solitary masses

are forbidden ; there must be at least an acolyte to give

the responses. The vestments prescribed for the priest are

the amice, alb, cingulum or girdle, maniple, stole, and

chasuble (planeta) ; see Costume, vol. vi. p. 462. There

are certain distinctions of course for a bishop or abbot. The
colour of the vestments and of the drapery of the altar varies

according to the day, being either white, red, green, violet,

or black. This last custom does not go much further back

than Innocent III., who explains the symbolism intended.

Subjoined is an account of the manner of celebrating

high mass according to the rite at present in force.

1. The priest who is to celebrate, having previously confessed (if

necessary) and having finished matins and lauds, is to seek leisure

for private prayer (fasting) and to use as he has opportunity the
"prayers before mass " already referred to. How the robing in the
sacristy is'next to be gone about is minutely prescribed, and prayers
are given to bo used as each article is put on. The sacramental
elements having previously be en placed on the altar or on a credence
table, the celebrant enters the church and takes his stand beforo

the lowest step of the altar, having the deacon on- his right and the
subdeacou on his left. After invoking the Trinity (In nomine
Patris, &c.) he repeats alternately with those who are with him the
psalm " Judica me, Deus," which is preceded in the usual way by an
antiphon (Intrcibo ad altare Dei), and followed also by the Gloria
and Antiphon.' The versiclo "Adjutorium nostrum," with its

' This antiphon is not to be confounded with the Antiphona ad
Introitum further on. This use of the 43d Psalm goes as far back at

least as the end of the 11th century, being mentioned by Micrologus

(1080). It is omitted in masses for the dead and during Holy Wedt
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response "Qui feoit," is followed by the " Confiteor,"' said alter-
nately by the priest and by the attendants, who in turn respond with
the prayer for divine forgiveness, "Misereatur." The priest then
gives the absolution (" Indulgentiam "), and after the versicles and
responses beginning " Deus, ta conversus " he audibly says,
"Orsmas," and ascending to the altar silently offers two short
prayers, one asking for forgiveness and liberty of access through
Christ, and another indulgence for himself " through the merits of
thy saints whose relics are here." Receiving the thurible from the
daacou he incenseo the altar, and is thereafter himself incensed by
the deacon. He then reads the Introit, which ia also sung by the
choir ; the " Kyrie Eleison " is then said, after which the words
" Gloria in Excelsis " ' are sung by the celebrant and the rest of the
hyinn completed by the choir.

2. Kissing the altar, and turning to the people with the formula
" Dominus vobiscnm," the celebrant proceeds with the collect or col-
lects proper to the season or day, which are read secretly. The
epistle for the day is theu read by the subdeacon, and is followed
by the gradual, tract, alleluia, or sequence, according to the time.'
This finished, the neacon places the book of the gospels on the
altar, and the celebrant blesses the incense. The deacon kneels
before the altar and offers the prayer " Munda cor meum," after-

wards takes the book from the altar, and kneeling before the
celebrant asks his blessing, which he receives with the words
" Dominus sit in eovde tuo. " Having kissed.the hand of the priest,

he goes accompanied by acolytes with incense and lighted candles
to the pulpit, and with a " Dominus vobiscnm " and minutely pre-
scribed crossings and incensings gives out and reads the gospel for the
day, at the close of which " Laus tibi, Christe " i? said, and the book
is brought to the celebrant and kissed with the words " Per evan-
gelica dicta deleautur nostra delicta. " The celebrant then standing
at the middle of the altar sings the words " Credo in unnm Deum."
and ihe rest of the Nicene creed is sung by the choir. *

3. With " Dominus vobiscum " and " Oremus " the celebrant
proceeds to read the Offertory, which is also sung by the choir.
This finished he receives the paten with the host from the deacon,
and after offering the host with the prayer beginning " Suscipe,
Sahcte Pater " places it npon the corporaL The deacon then
ministers wine and the snbdeacon water, and before the celebrant
mixes the water with the wine he blesses it in the prayer " Deus
qui humanse. " He then takes the chalice, and having offered it

(" Olfer'mus tibi, Domine ") places it upon the -orporal and covers
it with the paU. Slightly bowing over the altar, he then offers the
prayer "In spirita humilitatis," and, lifting up his eyes and
stretching oat his hand^j, proceeds with "Veni sanctilicator."

After blessing the incense ('
' Per intercessionem beati Michaelis

archangeli
'

) he takes the thurible from the deacon and incenses the
bread gnd wine and altar, and is afterwards himself incensed as well

as the others in their order. Next going to the epistle side of the
altar he washes his fingers as he recites the verses of the 26th Psalm
beginning " LavabT). " Eefurning and bowing before the middle of

the altar, with joined hands he says, " Suscipe, sancta Trinitas," then

turning himself towards the people he raises his voice a little and
says, "Orate, fratres" ("tliat my sacrifice and yours may be
acceptable to God the Father Almighty "), the response to which
is " Suscipiat Dominus sacrificium de manibaa tuis," &c.

He then recites the secret prayer pr prayers, and at the end
says, with an audible voice, "Per omnia sacula saeculorum"

<iJ. "Amen").
4. Again saluting with a " Dominus vobiscum," he lifts up his

hands and goes on to the " Sursum Corda " and the rest of the Pre-

face. A different intonation is given for each of the prefaces.' At
the Sanctus the handbell ia rung. If there is a choir the Sanctus

is sung while the celebrant goes on with the Canoh.' After the

words of consecration of the wafer, which are said
'

' secretly, dis-

tinctly, and attentively," the celebrant kneels and adores the

host, rising elevates i^ and replacing it on the corporal again

' A form very similar to the present is given by Miorologus, and it

ia foreshadowed even in Uturgical literature of the 8th century.
'^ During Lent and Advent, and in masses for the dead, this- is

omitted. In low masses it is of course said, not sung (if it is to be

eaid). It may be added that Una early position of the Gloria in

Excelsis is one of the features diatinguislung Roman from Ephesino

use.
' The tract is peculiar to cert,iin occasions, especially of a mournful

nature, and is sung by a single voice. By a sequence is understood a

more or less metrical composition, not in the words of Scripture, having

s special bearing on the festival of the day. See, for example, the

eequenoe, " Lauda Sion SaJvatorem," on Corpus Christi day.

* On certain days the Credo is omitted,

•Now eleven; they were at one time much more numerous.
' The approved usage appears to be in that case that it is enng aa

far as ' Hosanna in Excelsis " before the elevation, and " Benedictus

qui venit " is reserved till afterwards. In France it was a very com-

mon custom, made general for a time at the requestor Louis XII., to

ging " s<ilutaris hostia " at the elevation.
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adores it (the bell meanwhile being rung).' The same rite ia
observed when the chalice ia consecrated. Immediately before the
Lord's Prayer, at the words " per ipsum et cum ipso et in ipso

"

the sjgn of the cross is made three times over the chalice with the
host, and towards the close of the " embolism " the fraction of the
host takes place. After the words " Pax Domini sit semper vobis-
cum the emission of the particle into the cup takes place with
the words "Hso commixtio et consecratio, " kc. The celebrant
then says the Agnus Dei three times.

6. While the choir sings the Agnus Dei and the Communion, the
celebrant proceeds, still " secrete," with the remainder of the office
wbich though prmted as part of the canon is more conveniently
called the Communion and Post-communion. After the prayer for
the peace and unity of the church ("Domine Jesu Christe, qui
dixiati

_
) he salutes tiie deacon with the kiss of peace, saying, " Pax

tecum
' ; the subdeacon is saluted' in like manner, and then conveys

the ' pax " to the rest of the clergy who may be assisting. The cele-
brant then communicates under both species with suitable prayers
and actions, and afterwards administers the sacrament to the other
communicants if there be any. Then whilff the wine is poured into
the cup for the first ablution he says, " Quod ore sumpsimus "

:

having taken It he says, "Corpus tuum, Domine." After the second
ablution hegoesto the book aiid reads the Communion. Then turn-
ing to the people with " Dominus vobiscum " he reads the Post-
communion (one or more); turning once more to the congregation he
uses the old dismissal formula " Dominus vobiscum " (R Et cum
spiritutuo), and "Ite, missa est" [or " Benedicamus Domino," in
those masses from which "Gloria in E.xcelsis" has been omitted]
{R. Deo Gratias). Bowing down before the altar he offers the prayer
'^Placeat tibi, sancta Trinitas," then turning round he makes the
sign of the cross over the congregation with the words of the
benediction (" Benedicat ").' He then reads the' passage from the
gospel of John beginning with " In principio erat Verbum," or
•l^e the proper gospel of the day.' (j. g. bL.)

MISSIONS. Tlie history ot Christian missions may,
for practical purposes, be best divided into three chief
periods—(1) the primitive, (2) the mediaeval, and (3)
the modern. None of these periods can be neglected, for
they have an intimate connexion with each other, and
illustrate the activity respectively of individuals, of the
church in her corporate capacity, and of societies.

1. The Primitive Period.

• Christian missions had their origin in the example and
the command of our Lord Himself (Matt. xxvLii. 19); and
the unparalleled boldness on the part of the Founder of

Christianity, which dared to anticipate for the Christian
faith a succession of efforts which should never cease to

cause its propagation to be vmdertaken as "a distinct

and direct work," has been justified by the Toice of history. '"

Whereas other religions have spread from country to

country as component parts of popular opinion, have
travelled with migration or conquest, have passed in the

train of things and by the usual channels of communica-
tion, the first foundations of the church had hardly been
laid before individual missionary activity marked the life

of each one of the circle of the apostles.

Of the actual details of their labours we have been per-

mitted to know but little. Tliree only of the immediate
followers of the Saviour have any conspicuous place in the

apostolic records, and the most illustrious in the whole
domain of missionary activity, St Paul, did not belong

to the original twelve. His activity took the form of

journeys and voyages, chiefly to large towns, where his

message found a point of contact either with the Jewish

'

synagogue or the aspirations of the Gentile world. The

'

result of his labours and of those of his successors

\ The history of the practice of elevating the host is somewhat
obscure. It seems to have arisen out of the custom of holding up the

oblations, aa mentioned in* the Ordo Romanus (see above). The
elevation of the host, as at present practised, was first enjoined by
Pope Honorius III. The use of the handbell at the elevation is still

later, and was first made general by Gregory XI.
• The benediction is omitted in masses for the dead.

• The reading of the passage from John on days which fiad not,

proper gospel was first enjoined by Pius V.
" Davison, On Prophtcy, p. 278.
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ft-aa that towards the middle of the 2d century the

church had gradually extended its conquests through Asia

Minor, Greece, Italy, southern Gaul, and northern Africa.'

Ecclesiastical history can tcU but little of the church's

earliest teachers, and the infancy of many of the primitive

congregations is wrajiped in hopeless darkness. \Vhatever

was effected was due to the evangelizing labours of

individual bishops and clergy, who occupied themselves " in

season and out of season," and toiled zealously and

effectively in the spread of the church, though leaving no

record of their devotion. Amongst the most distinguished

representatives of this indiWdual activity in the 4th and

5th centuries may be mentioned Ulfila, the " apostle of

the Goths," about 325; Frumentius, a bishop of Abyssinia,

about 327 ; Chrysostom, who founded at Constantinople

in 40-1 A.D. an institution in which Goths might be trained

to preach the gospel to their own people f Valentinus, the

" a|K)stle of Noricum," about 440 ; and Honoratus, who from

his monastic home in the islet of Lerins, a"bout 410, sent

forth numerous labourers to southern and western Gaul,

to become the leading missionaries of their day among
the masses of heathendom in the neighbourhood of Aries,

Lyons. Troyes, Metz, and Nice.

2. The Medueval Period.

With the 5th century the church found a very different

element proposed to her missionary energies and zeaL

Ker outposts of civilization had scarcely been planted when
she was confronted with numberless hordes which had long

been gathering afar off in their native wilds, and which

were now precipitated over the entire face of Europe.

Having for some time ceased to plead for toleration, and
learnt to be aggressive, she not only stood the shock of

change but girded herself for the difficult work of calming

the agitated elements of society, of teaching the nations a

higher faith than a savage form of natiire worship, of

purifying and refining their recklessness, independence,

and uncontrollable love of liberty, and fitting them to

become members of an enlightened Christendom.

(a) The Celtic Missionaries.—The first pioneers who went
forth to engage in this difficult enterprise came from the

secluded Celtic churches of Ireland and the Scottish

Jttighlaads, which, though almost forgotten amidst the

desolating contest which was breaking up the Roman world,

were no sooner founded than they sent forth "armies of

Scots" to pour back upon the Continent the gifts of

civilization and the gospel. Of many who deserve

mention in connexion with this period, the most prominent
were—Columba, the founder of the famous monastery of

lona, and the evangeUzer of the Albanian Scots and
northern Picts ; Aidan, the apostle of Northumbria

;

Columbanus, the apostle of tlie Burgundians of the Vosges

;

Callich or Gallus, the evangelirer of north-eastern Switzer-

land and Alemannia; Kilian, the apostle of Thuringia;
and Trudpert, the martyr of the Black Forest. The
zeal of these singular men at the head of ardent disciples

seemed to take the world by storm. Travelling generally
in companies, and carrying a simple outfit, these Celtic

pioneers flung themselves on the Continent of Europe, and,
not content wifh reproducing at Annegray or Luxeuil the
willow or brushwood huts, the chapel and the round tower,
which they had left behind in Derry or in the island of Hy,
they braved the dangers of the northern seas, and pene-
trated as. far as the Faroes and even far distant Iceland.'

(f') The English Missionaries.—Thus they laid the
foundations, awing the heathen tribes by their indomitable
spirit of self sacrifice and the sternness of their rule of life.

'Justin, DM. c 117; TertuU., Apol., 37: Id., Adv. Jud., 7.
' Tleodoret, HE., v. 30.
•Seo A. W. HiJaon. ••Soots on the Continent," Remaiiu. p. 256
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But, marvellous as it was, their work lacked the element

of permanence ; and it became clear that if Europe was to

be carried through the dissolution of the old society, and

missionary operations consolidated, a more practical system

must be devised and carried out. The men for this work

were now ready. Restored to the commonwealth of nations

by the labours of the followers of Augustine of Canterbury

and the Celtic missionaries from lona, the sons of the

newly evangelized English churches were ready to go forth

to the help of their Teutonic brothers in the German

forests. The energy which warriors were accustomed to!

put forth in their efforts to conquer was now " exhibited in

the enterprise of conversion and teaching "
' by Wilfrid on

the coast of Friesland,* by Willibrord in thi neighbourhood

of Utrecht,6 by the martyr-brothers E-cald or Hewald

amongst the " old " or continental Saxons,' by Swidbert

the apostle of the tribes between the Ems and the Yssel,

by Adelbert, a prince of the royal house of Northumbria,

in the regions north of Holland, by Wursing, a native of

Friesland, and one of the disciples of Willibrord, in the

same region, and last, not least, by tuj famous Winfrid

or Boniface, the "apostle of Germany," who went forth

first to assist Willibrord at Utrecht, then to labour in

Thuringia and Upper Hessia, then, vrith the aid of his

kinsmen Wi -libald and Willibald, their sister Walpurga,

and her thirty companions, to consolidate the work of

earlier missionaries, and finally to die a martyr on the

shore of the Zuyder Zee.

(c) Scandinavian MissioTis.—Devoted, however, as were

the labours of Boniface and his disciples, the battle was

not yet nearly won. AH that he and they and the emperor

Charlemagne after them achieved for the fierce untutored

world of the 8th century seemed to have been done in vain

when, in the 9th, "on the north and north-west the

pagan Scandinavians were hanging about every coast, and

pouring in at every inlet; when on the east the pagan

Hungarians were swarming like locusts and devastating

Eiuope from the Baltic to the Alps ; when on the south

and south-east the Saracens were pressing on and on vnt\i

their victorious hosts. It seemed then as if every pore of

life were choked, and Christendom must be stifled and
smothered in the fatal embrace." ^ But it was even now
that one of the most intrepid of missionary enterprises

was undertaken, and the devoted Anskar went forth and

proved himself a true apostle of Denmark and Sweden,
sought out the Scandinavian viking in his native home and
icy fiords, and, after persevering in the face of apparently

insurmountable difiiculties and hardships, handed on the

torch of self-denying zeal to others, who "casting their

bread on the waters " saw, after the lapse of many years,

the close of the monotonous tale of burning churches and
piUaged monasteries, and taught the fierce Northman to

lay aside his old habits of piracy, and giaduaUy learn

respect for civilized institutions.

(d) Slavonic MissioTis.—Thus the "gospel of the

kingdom " was successively proclaimed to the Roman, the

Celtic, the Teutonic, and the Scandinavian world. A
contest still more stubborn remained with the Slavonic

tribes, with their triple and many-headed divinities, their

powers of good and powers of evil, who could be ap|iroached

only with fear and horror, and propitiated only with
human sacrifices. Mission work commenced in Bulgaria

during the latter part of the 9th century ; thence it

extended to Moravia, where two Greek missionaries—Cyril

and Methodius—provided for the people a Slavonic Bible

* Church, Gi/ls of CivithaUoti, p. 330.
» BeJe, //.£., v. 19.
• " Annal. Xantenses," Perti, Hon. Germ., ii. 220.
' Bede, /I.E., v. 10.
' See Lightfoot, Ancient and .Modern iliisioa
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and a Slavonic Liturgy ; theace to Bohemia, and so

onwards to the Scythian wlds and level steppes, where

arose the Kussian kingdom of Ruric the Northman, and

where about the close of the 10th century the Eastern

Church " silently and almost unconsciously bore into the

world her mightiest offspring." * But, though the baptism

of Vladimir and the flinging of the triple and many-headed

idols into the waters of the Dnieper was a heavy blow to

Slavonic idolatry, mission work was carried on with but

partial success ; and it taxed all the energies of Albrecht,

bishop of Bremen, of Vicilin, bishop of Oldenburg, of

Bishop Otto of Bamberg the apostle of the Pomeranians,

of Adalbert the martyr-apostle of Prussia, to spread the

word in that country, in Lithuania, and in the territory of

the Wends. It was not till 1168 that the gigantic four-

headed image of Swantevit was destroyed at Arcona,

the capital of the island of Riigen, and this Mona of

Slavonic superstition was included in the advancing

circle of Christian civilization. As late as 1230 human
sacrifices were stiU being offered up in Prussia and

Lithuania, and, in spite of all the efforts of the Teutonic

Knights to expel by force the last remains of heathenism

from the face of Europe, idolatrous practices still lingered

amongst the people, while in the districts inhabited

by the Lapps, though successful missions had been

inaugurated as early as 1335, Christianity cannot be said

to have become the dominant religion till at least two

centuries later.

(e) Moslem ARssioiis.—The mention of the order of the

Teutonic Knights reminds us how the crusading spirit had

affected Christendom, and exchanged the patience of a

Boniface or an Anskar for the fiery zeal of the warrior of

the cross. Still it is refreshing to notice how even now
there was found the famous Raymond Lully to protest

against propagandism by the sword, to urge on pope after

pope the necessity of missions amongst the Moslems, and

to seal his testimony with his blood outside the gates

of Bugiah in northern Africa (June 30, 1315). Out
of the crusades, however, arose other efforts to bear the

banner of the cross into the lands of the East, and to

develop the work whicho Nestorian missionaries from

Baghdad, Edessa, and Nisibis had already inaugurated

along the Malabar coast, in the island of Ceylon, and

in the neighbourhood of the Caspian Sea. In 1245

the Roman pontiff sent two embassies, one to charge

the Mongol warriors to desist from their desolating inroads

iiito Europe, the other to attempt to win them over to

the Christian faith. The first, a party of four Dominicans,

sought the commander-in-chief of the Mongol forces in

Persia ; the second, consisting of Franciscans, made their

way into . Tartary, and sought to convert the successor

of Oktai-Khan. Their exertions were seconded in 1253

by the labours of another Franciscan whom Louis IX. of

France sent forth from Cyprus,^ while in 1274 the

celebrated traveller Marco Polo, accompanied by two

learned Dominicans, visited the court of Kublai-Khan,

and at the commencement of the 14th century two

Franciscans penetrated as far as Peking, and kept alive a

flickering spark of Christianity in the Tartar kingdom,

even translating the New Testament and the Psalter into

the Tartar language, and training youths for a native

ministry.'

(/) Missiims to India and the New World.—These ten-

tative missions in the East were now to be supplemented by

others on a larger scale. In 1486 the Cape of Good Hope
was rounded by Dias, and in 1508 the foundations of the

» Stanley, Eastern. Church, p. 294.

SNeander, vii. 69; HakUiyt, 171; Hue, i. 207.

' Neander, viL 79; Gieseler, iv. 259, 260; Hardwick, TJiddle Ages.

235-337. i

Portuguese Indian empire were laid by Albuquerque.

Columbus also in 1492 had landed on San Salvador, and
the voyages of the Venetian Cabot along the coast of North
America opened up a new world to missionary enterprise.

These bold discoverers had secured the countenance of the

pope on the condition that wherever they might plant a
flag they should be also zealous in promoting the extension

of the Christian faith. Thus a grand opportunity was
given to the churches of Portugal and Spain. But the

zeal of the Portuguese, even when not choked by the rising

lust of wealth and territorial power, took too often a
one-sided direction, repressing the Sj'rian Christians on
the Malabar coast, and interfering with the Abyssinian
Church,* while the fanatic temper of the Spaniard,

maddened by his prolonged conflict with the infidel at home,
betrayed him into methods of propagating his faith which
we cannot contemplate without a shudder, consigning, in

Mexico and Peru, multitudes who would not renounce
their heathen errors to indiscriminate massacre or abject

slavery.^ Their only defender for many years was the

famous Las Casas, who, having sojourned amongst them
till 1516, has drawn a terrible picture of the oppression

he strove in vain to prevent.* Some steps indeed were
taken for disseminating Christian principles, and the pope
in granting territory to the crowns of Spain and Portugal

had specially urged this duty, and had been instrumental

in inducing a band of missionaries, chiefly of the mendicant
orders, to go forth to this new mission field.' But the

results were scanty. Only five bishoprics had been
established by 1520, and the number of genuine con-

verts was small. In settling, however, his realm the

conqueror of Mexico evinced no little solicitude for the

spiritual welfare of his charge; and the labours of the

devoted men whom he begged the emperor to send out

were successful in banishing every vestige ot *he Aztec

worship from the Spanish settlements.*

{g) The Jesuit Missions.—It was during the period at

which we have now arrived that the great organization of

the Jesuits came into existence, and one of the first

of Loyola's associates, Francis Xavier, was also one of the

greatest and most zealous missionaries of his or any other

era. Encouraged by the joint co-operation of the pope

and of John III. of Portugal, and strongly tinged like

Loyola with ideas of chivalry and self-devotion, he disem-

barked at Goa on the 6th of May 1542, and before his

death on the Isle of St John (Hiang-Shang), December 2,

1552, he had roused the European Christians of Goa to a

new life, laboured with singular success amongst the Para-

vars, a fisher caste near Cape Comorin, gathered many
converts in the kingdom of Travancore, visited the island

of Malacca, made his way to and founded a mission in

Japan, thence revisited Goa, and impelled by the quenchless

desire to unfurl the banner of the cross in China, had set

out thither to fall a victim to malignant fever at the

early age of forty-six, within sight of that vast empire whose

conversion had been the object of his holy ambition.

The immediate successor of Xavier, Antonio Criminalis,

was regarded by the Jesuits as the first martyr of their

society (1562). Mattheo Ricci, an Italian by birth, was

also an indefatigable *>issionary in China for twenty-seven

years, while the peculiar methods of unholy compromise

with Brahmanism in India followed by Robert de' Nobili

drew dovrn the condemnatory briefs of pope after pope, and

were fatal to the vitality of his o\vn and other missions.

* Geddes, History of the Church of Malabar, p. 4 ; Neale, Eastern.

'lurch, ii. 343.
K T» 11. /^ 1 ..J- »t .--. I 01Q :;; m&Church, ii. 343.
' Prescott, Conquest of Mexico, i. 318, iii. .

' Relacion de la De-itrutjcion de las Indias.

' Prescott, Mexico, iii. 218 n.

I Prescott, iu. 219.

218.
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Other representatives of the same order worked with

success in evangelizing the Spanish settlement of Paraguay

in 1582, while their defeated foes the Huguenots sent

forth under a French knight of Malta a body of devoted

men to attempt the formation of a Christian colony at Kio

Janeiro. By the close of the 16th century the unflag-

ging zeal of the Jesuits led to a more complete development

and organization of the missionary system of the Koman
Church. To give unity and solidity to the work of missions,

a. committe* of cardinals was appointed under the name
of the "Congregatio de propaganda fiie," and to it was
entrusted the entire management of the mission, conducted

under the superintendence of the pope. The scheme origin-

ated with Gregory XIII., but was not fully organized till

forty years afterwards, when Gregory XV. gave it plenary

authority by a bull dated June 2, 1622. Gregory's suc-

cessor, Urban Vin., supplemented the establishment of the

congregation by founding in connexion with it a great

missionary college, where Europeans might be trained for

foreign labours, and natives might be educated to undertake

mission work wherever new colonies were settled. At
this college is the missionary printing-press of the Eoman
Church, and its library contains an unrivalled collection of

literary treasures bearing on the particular work. From its

walls have gone forth numbers of devoted men, who have
proved themselves able to promote in a singular degree the

enlargement of the boundaries of the church by means of

material as well as spiritual forces

3. The Modem Period.

This last period of missionary activity ia distinguished

in a special degree by the exertions of societies for the
development of missio.i work.

As contrasted with the colossal display ot power on the
part of the Church of Rome, it must be allowed that the
churches which in the 16th century broke off from their

allegiance to the Latin centre at first presented a great
lack of anxiety for the extension of the gospel and the
salvation of the heathen. The causes of this, however, are
not far to seek. The isolation of the Teutonic churches
from the vast system with which they had been bound up,
the conflicts and troubles among themselves, the necessity

of fixing their own principles and defining their own rights,

concentrated their attention upon themselves and their own
home work, to the neglect of work abroad.

Still the development of the maritime power of England,
which the Portuguese and Spanish monarchies noted with
fear and jealousy, was distinguished by a singular anxiety
for the spread of the Christian faith. Edward VI. in his
instructions to the navigators in Willoughby's fleet, Cabot
in those for the direction of the intended voyage to Cathay,
good old Hakluyt, who promoted many voyages of dis-
covery in addition to writing their history, agree with
Sir Humphrey Gilbert's chronicler that "the sowing of
Christianity must be the chief intent of such as shall make
any attempt at foreign discovery, or else whatever is builded
upon other foundation shall never obtain happy success
or continuance." When on the last day of the year 1600
Queen Elizabeth granted a charter to George, earl of
Cumberland, and other "adventurers," to be a body-
corporate by the name of "The Governor and Company of
Merchants of London trading with the East Indies," the
exi)ressed recognition of higher duties than those of' com-
merce may by some be deemed a mere matter of form,
and, Xo use the words of Bacon, " what was first in God's
providence was but second in man's appetite and intention."
Yet a keen sense of missionary duty marks many of the
chronicles of English mariners. Notably was this the case
with the establishment of the first English colony in
America, that of Virginia, by Sir Walter Raleigh. The

philosopher Heriot, one of his colleagues, labouicd ioT the

conversion of the natives, amongst whom the first baptism

is recorded to have taken place on August li, 1587.'

Raleigh himself presented as a parting gift to the Virginian

Company the sum of £100 " for the propagation of the

Christian religion " in that settlement.^ When James I.

granted letters patent for the occupation of Virginia it

was directed that the "word and service of God be

preached, planted, and used as well in the said colonies

as also as much as might be among the savages bordering

among them"; and the honoured names of Nicolas Ferrar,

John Ferrar, Dr Donne, and Sir John Sandys, a pupil of

Hooker, are all found on the council by wluch the home
management of the colony was conducted.

In the year 1618 was published The True Honour of

Navigation end Navigators, by John Wood, D.D., dedicated

to Sir Thomas Smith, governor to the East India Company,
and much about .the same time appeared the well-known
treatise of the famous Grotius, De Veritaie Religionis

Christians, written for the express use of settlers in distant

lands. The wants, moreover, of the North American
colonies did not escape the attention of Archbishop Laud
during his ofiicial connexion i\ith them as bishop of

London, and he was developing a plan for promoting a

local episcopate there when his troubles began and his

scheme was interrupted. During the Protectorate, in

1649, an ordinance was passed for "the promoting and
propagating of the gospel of Jesus Christ in New England "

by the erection of a corporation, to be called by the name
of the President and Society for the Propagation of the

Gospel in New England, to receive and dispose of moneys
for the purpose, and a general collection was ordered to be
made in aU the parishes of England and Wales; and
Cromwell himself desired a scheme for setting up a council

for the Protestant religion, which should rival the Roman
Propaganda, and consist of seven councillors and four

secretaries for different provinces.' On the restoration of

the monarchy, through the influence of Richard Baxter
with Lord Chancellor Hyde, the charter already granted
by Cromwell was renewed, and its powers were enlarged.

For now the corporation was styled " The Propagation of
the Gospel in New England and the parts adjacent in

America," and its object was defined to be "not only to
seek the outward welfare and prosperity of those colonies,

but more especially to endeavour the good and salvation of

their immortal souls, and the publishing the most glorious
gospel of Christ among them." On the list of the
corporation the first name is the earl of Clarendon, while
the Hon. Robert Boyle was appointed president. Amongst
the most eminent of its missionaries was the celebrated
John Eliot, who, encoiu-aged by Boyle, and assisted by him
wth considerable sums of money, brought out the Bible in

the Indian language in 1661-64, having revealed at the end
of the Indian grammar which he had composed the secret of

his success : "prayer and pains, through faith in Jesus Christ,
will do anything." Boyle displayed in other ways his zeal

for the cause of missions. He contributecl to the expense
of printing and publishing at Oxford the four Gospels and
the Acts of the Apostles in the Malay language, and at his
death left £5400 for the propagation of the gospel in

heathen lands.

The needs of the colonial church soon excited the attention
of others also, and great effoits were made by Bishop
Beveridge, Archbishop Wake, Archbishop Sharpe, Bishop
Gibson, and afterwards by the philosophic Bishop Berkeley,
and Bishop Butler, the famous author of the Analogy, to

' Hakluyt, Voi/a./es, iii. 345.
•Oldy, Life of haleiuh, p. 118.
» Ncale, Illstorn of .A'cw Euyland, i. p. 260 : Burnet, malory e/

All oum Thnes, i. p. 132.
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develop the colonial church and provide for the wants of the

Indian tribes. In 1696 Dr Bray, at the request of the gover-

nor and assembly of Maryland, was selected by the bishop of

London as ecclesiastical commissary ; and, having sold his

effects, and raised money on credit, he sailed for Maryland
in 1699, where he promoted, in various ways, the interests

of the church. Keturning to England in 1700-1, and
supported by all the weight of Archbishop Tenison and
Bishop Compton, he was graciously received by William III.,

and received letters patent under the great seal of

England for creating a corporation by the name of the
" Society for the Propagation of the Gospel in Foreign

Parts" on the 16th of June 1701.

With the establishment of this corporation the era of

the activity of societies for carrying out mission work may
be said to commence, though the opening of the 18th

century saw other movements set on foot for the same
object. Thus in 1705 Frederick IV. of Denmark founded

a mission on the Coromandel coast, and inaugurated the

labours of Ziegenbalg, Schultze, and Schwartz, whose
devotion and success told with such remarkable reflex

influence on the church at home. Again in 1731 the

Moravians illustrated in a signal degree the groiving

consciousness of obligation towards the heathen. Driven

by persecution from Moravia, hunted into mountain-caves

and forests, they had scarcely secured a place of refuge in

Saxony before, "though a mere handful in numbers, yet

with the spirit of men banded for daring and righteous

deeds, they formed the heroic design, and vowed the

execution of it before God, of bearing the gospel to the

savage and perishing tribes of Greenland and the West
Indies, of whose condition report had brought a mournful
rumour to their ears." And so, literally with " neither

bread nor scrip," they went forth on their pilgrimage, and,

incredible as it sounds, within ten years they had established

nissions in the islands of the West Indies, in South
A.merica, Surinam, Greenland, among the North American
tribes, in Lapland, Tartary, Algiers, Guinea, the Cape of

flood Hope, and Ceylon.^

Such were the preparations for the more general move-
ments during the last hundred years, and the manifesta-

tion of missionary zeal on a scale to which it would be diffi-

cult to find a parallel in Western Christianity.

The progress that has been made may be best judged of

from consideration of the following details :
—

(o) At the close of the last century there were only seven
missionary societies in existence, properly so called. Of these

three only, the Society for the Propagation of the Gospel in

Foreign I'arts, the Halle-Danish Society, and the Moravians, had
been at work for the greater part of the century, whilst four, the
Church Missionary Society, the Baptist Missionary Society, the
I^ndon Missionary Society, and the Dutch Society at Rotterdam,
began their work only in its tenth decade. To-day these seven
have, in Europe and America alone, increased to upwards of

seventy, and to these must be added, not only several independent
societies in the colonies, but numerous missionary associations on a
amaller scale, the offspring of English and American societies.

(6) The following chronological lists illustrate the growth of
missionary societies in Britain and the United States :

—

Great Britain and Ireland.
1691. Christian Faith Society tor the West Inoies.
1698. Society for Promoting Cltristian Knowiedge.
1701. Society for tiio Propa;:ation of tlie Gospei in Foreign Parts.
1732, Moravian (Episcopai) Missions of the United Brethren.
^1792. Baptist Missionary Society.

1795, London Missionaiy Society.
179C. Scottish Missionarj- Society.
1799. Churcli Missionary Society.
1799, licliRious Tract Society.
1801. British and Foreign Bible Society.

1803, London Society for Promoting Chriattanity among the Jews.
1813. Wcaleyan Missionar>' Society,

1817, General Baptist Missionary Society,
1823. Colonial and Continental Ciiurch Society,

1829, Church of Scotland Mission Boards,
National Bible Society of Scotland,

' Holmes, Hist. Sketches of the Missions of the United Brethren,

p. 3; Grant, Bampton Lectures, p. 190.

831. Trinitarian Bible Society,
832. Wcslcyan Ladies' Auxiliary for Female Education In Foreign Countrieu
834, Society for Promoting Female Education In the East,
836, United Secession (now United Presbyterian) Foreign Missions.
836, Colonial Ml^sio^ary Society.
840. Foreign Aid Society.

Coral Missionary Fund.
840. Wcbh Caiiinlstic Methodist Missionary Society.
841. Colunial Bi.shoprics Fund.
841. Edinburgh Medical Missionary Society.

Waldensian Missions Aid Fund,
843. British Society for tlie Propagation of the Gospel among the Jewi.
843, Fiee Church of Scotland Missions.
843. Primitive Methodist African and Colonial Missions,

Methodist New Connexion in England Foreign Missions.
844. South American Missionary Society.
849, Evangelical Continental Society,
852, Indian Female Normal School Society.
853. Lebanon Schools,
855. Presbyterian Church in England Foreign Ulasltms.
8-56. Turkish Missions Aid Society.
856. United Methodist Free Churches Foreign Missions,
858, Christian Vemncuiar Education Society for India,
860. Central African Mission of the English Universities.
960. British Syrian Schools.

Melanesian Mission
865, Ladies' Association for Promoting Female Edncatlon among the Heatbeiv
866, China Inland Mission,
867, Delhi Female Medical Mission.
867. " Friends" Foreign Mission AssociatiOD.
868. Cape Town Aid Association.
869. " Friends" Mission in Syria and Palestine.

Irish Presbyterian Missions.
:. Spanish and Portuguese Chuixh Aid Society.
Columbia Mission.

Original Secession Church Indian Mission.
877. Cambridge Mission to relhi.
880. Church of England Zenana .Missionary Society.

United States of America.

733. Corporation for the 'Piopagailon of the Gospel In New England.
787. Society for Propagating the Gospel among the Indians at Boston.
800. New York Missionary Society.

Connecticut Missionary Society for Indians.
803. United States Mission to the Cherokees.
806. Western Missionary Society for Indians.
810. Board of Commissioners for Foreign Missions.
814. Baptist Missionary Union.
819. Methodist Episcopal Church Missionary Society.

833. Free-will Baptist Foreign Missionary Society in India.

835. Foreign Missions of the Protestant Episcopal Churclt.
837. Board of Foreign Missions of the Presbyterian Church.
837. Evangelical Lutheran Foreign Missionary Society.
842. Seventh Day Baptist Missionary Society

Strict Baptist Missionary Society.

843. Baptist Free Missionary Society.

845. Methodist Episcopal Church, South.
845. Southern Baptist Convention.
846. American Missionaiy Association.

857. Board of Foreign Missions of (Dutch) Reformed Church.
859. Board of Foreign Missions of United Presbyterian Church.

American United Brethren, Moravian.
United States German Evangelical Missionary Society.

American Mexican Association.

Indian Home Missionary Association

Indian Missionary Association.

Local Baptist Missionary Society,

Women's Union Zenana Missionary Society.

(c) At the beginning of the present century the total sum con,

tributed for Protestant missions can hardly be said to have
amounted to £50,000; in 1882 the amount raised by British con-

tributions alone to foreign missions amounted to upwards of

£1,090,000,= thus divided :—

Church of England Missions f460,935
Joint Societies of Churchmen and Nonconfoi-mists 153,320
Nonconformist Societies, English and Welsh 313,177

Scottish and Irish Societies 155,767

Roman CathoUc SocieUes 10,910

(d) At the same date it is calculated that there were about 5000
heathen converts under instruction, not counting those belonging

to the Roman Catholic missions. At the present day the converts

from heathenism may be estimated certainly at no less than

1,800,000, a single year (1878) showing an increase of about 60,000.

(«) When the Society for the Propagation of the Gospel was

founded in 1701, there were probably not twenty clergymen of the

Church of England in foreign parts. The spiritual condition of

the settlers in America and elsewhere was terrible in the extreme,

and no effort was then made by the church to win over the heathen

to Christ. But now the position which the church holds in the

IJritish colonies and dependencies and many parts of heathendom
is recognized by all. In those regions where the society labours,

and which before it commenced its work were spiritually the
" waste places " of the earth, there are, including the American

Church (the first fruits of the society's efforts), 138 bishops, more

than 6000 clergy, and upwards of 2,000,000 memberS of the

communion.

The above tables sufficiently indicate how varied are the

missionary agencies now at work, covering the heathen

' See Scott Robertson, Analysis of British ContrHnUions to foreign

Missions, 1883,
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world with a network of mission outposts, which within

the last century have won nearly two millions of converts

to the Christian faith.

The continuity of missionary enthusiasm maintained

through the primitive, the medieval, and the modern periods

of the church's history, operating at every critical epoch,

and surviving after periods of stagnation and depression,

is a very significant fact. It is true that other religions

have been called missionary religions, and that one of them

occupies the first place in the religious census of mankind.*

But the missionary activity of Buddhism is a thing of the

past, and no characteristic rito distinguishing it has found its

way into a second continent ; while, as for Mohammedanism,

the character of its teaching is too exact a reflexion of the

race, time, place,, and climate in which it arose to admit

of its becoming universal' These and other religions of

the far East may still maintain their hold over millions, but

it must be admitted that their prospect of endurance in

the presence of advancing Christianity is very small, and

it is difficult to trace the slightest probability of their

harmonizing with the iijtellectual, social, and moral progress

of the modern world. With all its deficiencies, the Christian

church has gained the "nations of the future," and whereas

in the 3d century the proportion of Christians to the

whole human race was only that of one in a hundred and

fifty, this has now been exchanged for one in five,' and it

is indisputable that the progress of the human race at this

moment is entirely identified with the spread of the

influence of the nations of Christendom.

Side by side with this continuity of missionary zeal,

a noticeable feature is the immense influence of individual

energy and the subduing force of personal character.

Around individuals penetrated with Christian zeal and self-

denial has centred not merely the life, but the very

existence, of primitive, mediceval, and modern missions.

What Ulfila was to the Gothic tribes, what Columba

and his disciples were to the early Celtic missions, what

Augustine or Aidan was to the British Isles, what Boni-

face was to the churches of Germany and Anskar to

those of Denmark and Sweden, that, on the discovery of a

new world of missionary enterprise, was Xavier to India,

Hans Egedo to Greenland, Eliot to the Red Indians,

Martyn to the church of Cawnpore, Marsden to the Maoris,

Carey and Marshman to Burmah, Heber, Wilson, Milman,

and DuS to India, Gray, Livingstone,- Mackenzie, Steere,

Callaway to Africa, Broughton to Australia, Patteson to

Melanesia, Mountain and Feild to Newfoundland, Crowther

to the Niger Territory, Brett to Guiana. At the most

critical epochs such men have ever been raised up, and the

reflex influence of their lives and self-denial has told upon
the church at home, while apart from their influence the

entire history of important portions of the world's surface

would have been altered.

If from the agents themselves we turn to the work that

has been accomplished it will not be disputed that the

success of missions has been marked amongst rude and
aboriginal tribes. AVhat was true in the early missions

has been found true in these latter times. The rude and
ba.barous northern peoples seemed to fall like " full ripe

fruit before the first breath of the gospel." The Goths

and the Vandals who poured down upon the Roman empire

were evangelized so silently and rapidly that only a fact

here and there relating to their conversion has been

preserved. Now this is exactly analogous to modern

experience in the South Seas, America, and Africa.

We must here content ourselves with a cursory survey

> Mnx MUller, Chipa, iv. p. 265.

V* Newman, Orammar of As3cn(, p. 424.
» Lightfoot, Comparaiivt Projras ofA ncitnl and Modem ifiuioHS.

of what missionary enterprise has accomplished in those

regions and among the more civiUzed nations of Eastern

Asia.

The South i'au.—That missions have done much in these regions

in suppressing cannibalism, human sacrifices, and mfanticide

humanfeing the laws of war, and elevating the social condition of

women, is a fact confirmed by the researches of Memicke, Waltz,

Gerlaud, Oberlandcr, and even of Darwin.
., , ,

In Australia work among the aborigine^, wherever it has been

zealously conducted, has been blessed with signal success. Amongst

the Papuans the Moravian stations of Ebenezer in the district of

Wimmera, and Ramahyuck in that of Gippshnd, can point to

their little villages of 125 native Christian inhabitants, their

cleanly houses, and their well-ordered churches. In the district of

South Adelaide, at Point Macleay, the Scottish Presbyterian Mission

has been similarly successful, while in New Zealand the native

population was converted almo.st within a single generation. In the

islands north and north-west of Australia the Dutch missionaries

have been especially successful in the Minahassa (see Celebes),

of whose 114,000 inhabitants more than 80,000 have been won

over to the Christian faith, forming 195 communities with 125

schools ; and in southern Borneo, the Rhenish Mission in the south

and the'Society for the Propagation of the Gospel in the north hav*

been enabled to establish themselves firmly, while the former

society has also done a great work among the Battaks in Sumatra.

Amongst the dark-coloured races of Polynesia missionary work has

made great advances through the labours of the London Missionarjr

Society, the Wesleyans, and the American Board. Making Tahiti

its basis of operations, the first-named society has carried on

missionary operations in the islands of Australasia, Hervey, Samoa,

Tokelau, and Ellice, while the American Board has witnessed

equally favourable results in the Sandwich Islands, and in Micronesia

(Caroline, Marshall, and Gilbert Islands) the agents of the Hawaiian

Association are actively at work under the direction of American
missionaries. In Melanesia the Society for the Propagation of the

Gospel, the Wesleyans, the London Missionary Society, and the

Presbyterians are all actively engaged. The Fiji group stands out

as one of the most promising centres of Christian civilization, and
the governor, Sir A. Gordon, was enabled to report in 1879 that, out of

a population of about 120,000, 102,000 are now regular worshippers

in the churches, which number 800, while over 42,000 children are

in attendance in 1634 Christian day schools. The Xoyalty Islands

have been occupied partly by Roman Catholic missions and partly

by the London Missionary Society, while in the New Hebrides the

missionaries of the Free Church of Scotland and of the Presby-
terian churches of Canada, New Zealand, and Australia, in spite

of many obstacles, the unhealthiness of the climate, aud the variety

of the dialects spoken, have upwards of 3000 natives receiving
Christian teaching, 800 communicants, and 100 native teachers.

On the islands of Banks, Santa Cruz, and Solomon, the English
Episcopal Church is achieving no little success, sending native youths
for months at a time to Norfolk Island to receive instruction, whcuca
they return again in order to spread the knowledge of truth at home.
These islands will ever be famous in connexion with the martyr
death of the noble Bishop Patteson.

Tits Uncivilized Peoples of America.—The quiet humble labours
of the Moravians have accomplished much in Greeniajid and
Labrador, whilst among the Indians of Canada and the people of
Hudson's Bay the Society for the Propagation of the Gospel has
not laboured in vain, nor the Church Missionary Society in the
dioceses of Rupertsland, Red River, Saskatchewan, and Moosonee.
At Columbia, on the coast of the Pacific, apractic.il missionary genius
named William Duncan has succeeded in civilizing a body of Indiana
degraded by cannibalism, and at his Metlakahtla mission stands
at the head of a community of some thousand persons, which has a
larger church than is to be found between there and San Francisco.
Testimony to the value of the results achieved was borne in 1873
by Lord Duffarin, then governor-general of Canada, who declared
that he could hardly find words to express his astonishment at what
ha witnessed. Amongst the Indian tribes of the United States
work is carried on by the Moi-avians. the American BoarJ of Jlissions,
the Presbvteriana of the North and South, the Baptists, the Epis-
copal Methodists, and the American Missionary Society ; and the
result 13 that 27,000 Indians, divided amongst the 171 communitiej
of different denominations (includingthe Roman Catholic) are in full
membership with the church, and have 219 places of worship
besides 366 schools attended by about 12,222 Indian children. The
Cherokces, the Choctaws, the Creeks, the Chickasaws, have their
own churches, schools, and academics, and may compare favourably
both intellectually and morally with their white neighbours in
Missouri, Arkansas, and Texas.' Amongst the negroes in the United
States more than 1000 places of worship have been built since the

.''l"i»^^''"'j'
'^^ *">»'''';^n Missionary Association alone has

erected 26 academies with about 6000 student^ for tho purpose of

See Chiistlieb, Forei^ Miitiona, p. 'Ibid., pp. 98, 99.
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preparing freed slaves to ha teachers and missionaries. Amongst
the Indians on the Essequibo and Berbice in British Guiana, the

missions of the Society for the Propagation of the Gospel have been
rapidly extended, and now upwards of half the Indian population
are members of Christian churches. In the British West Indies,

through the united labours of various missionary societies, out of

1,000,000 inhabitants upwards of 248,000 are returned- as regular

members of the churches, 85,000 as communicants, while 78,600
children receive instruction in 1123 day schools, of which number
about 45,000 belong to Jamaica.

Passing to the southern promontory of South America, we find

that the self-denying labours of Allen Gardiner are beginning to

justify the devotion that prompted them. The London South
American Missionary Society not only carries on its operations in

the Falkland Islands, where youths from Tierra del Fuego receive

iustruction, but has founded stations in Tierra del Fuego itself, has
r9used the natives of Patagonia from their spiritual deadness, and
has extended its labours even to the Indians in Brazil.

Africa.—Here there are three great a-egiona of missionary activity,

•—on the west coast, in the south, and in some parts of the east.

The largest and most fruitful mission field in West Africa is

that of Sierra Leone, where at least seven-eighths of the people
are now Christians, though the first mission does not date nirther
back than the present century;- arid important results have also

been obtained in Senegambia (on the Pongas), in Old Calabar, and
in the republic of Liberia. On the Gold and Slave Coasts the
labours of English Wesleyan missionaries and Of the North German
missionary societies have been crowned with no small success, while
the Basel Society, which celebrated its jubilee in 1878, has extended
its sphere of activity to Ashantee, translating the Scriptures into

the native languages, and changing primeval marshes into bright-

l6oking Christian villages. In the Yoruba lands the Church
Missionary Society has 11 stations, 5994 Christians, and 1657
scholars, whUe on the Niger we are confronted with the interesting

spectacle of negro preachers and teachers labouring under the

coloured Bishop Crowther, carrying on a work which within the
last few years was consecrated by the blood of martyrs.

South Africa ha for some time been a centre of missionary
i.ctivity. Here thirteen British and Continental associations have
proved that all the South African races, Hottentots and KaSres,
Fingoes and Bechuanas, Basutos and Zulus, are capable of attaining

a considerable degree of Christian civilization, and can hot only be

instructed in handicraft and agriculture, but trained as ministers

and teachers. A single instance of this is afforded in British

Kaffraria by the Lovedale Institute of the Free Church of Scotland,

where youths from all the above-mentioned tribes are taught along
with Ejfropeans, and every Sunday sixty students proclaim the

gospel in the neighbouring villages. In the cause of mission work
here few ever laboured more zealously than the late Bishop Gray,
whose diocese, when first constituted, included the whole colony

of the Cape, but whose successor has now for his suffragans the

bishops of Grahamstown, Maritzburg, St Helena, Bloemfontein,
Zululand, St John's, and Pretoria,

East and East Central Africa, so long neglected, is now being
rapidly occupied by missionary enterprise. Here the island- of

Madagascar has been in great part evangelized, while on the island

of Mauritius the Anglican Mission has developed pre-eminent

results. On the mainland, the coast of Zanzibar calls for special

notice. Here the little island of the same name has long been the

eeat of the Universities Mission to Central Africa, and the heroic

Bishop Steere has not only erected a cathedral on the site of the

former slave-market, but translated the New Testament Into

Sawahili, a language which can be understood by the tribes around,

the lakes, and even in Uganda.
China.—"O mighty fortress I when shall these impenetrable

biazen gates of thine be broken through?" was the mournful
exi'lamation of Valignani, the successor of Xavier, as he gazed in

sadoess :A the mountains of China. The words well express the

incudible difficulties which this largest and most thickly peopled

heathen land in the world, with its petrified constitution and
culture of three thousand years, presents in the Way of missionary

effort. The country itself, the people, their speech, their manners,

their religion, their policy, seemed to unite in opposing an insuper-

able barrier, but history has to record how efforts have been made
by many bodies, and at many times, to break it down. An early

Nestorian Church established itself in the empire, but was either

uprooted, or died out in course of time. In the 16th century the

Jesuits undertook the task, and in spite of the persecutions which
they have undergone the missions of the Roman Church, with their

numerous foreign clergy and their hosts of natives of different

ecclesiastical degrees, have attained no small measure of success.

Before the country was really opened to foreigners by the treaty

of Tientsin, pioneers proceeded thither from America, and from
the London Missionary Society. The labours of Dr Legge
in translating and reducing to system the Chinese classics are

1 Sec Lijjhtfoot, Ancient and Modtm ifiitions, p. 10.

well known. At the present day it is estimated that there are

upwards of 29 societies at work in the country, with about 260
ordained missionaries and 63 female teachers, and the number is

constantly increasing. These societies, of which the largest pro-

portion belongio England, and the next largest to America, support,

it is estimated, 20 theological schools, 30 higher boarding schools

for boys with 611 scholars, 38 for girls with 777 scholars, 177 day
schools for boys with 4000 to 5000 pupils in attendance, 82 for girls

with 1307, while 16 missionary hospitals and 24 dispensaries are

under the direction of medical missionaries, whose work in China has

been recognized almost from the first as the source of the greatest

blessing. The mission centres stud the east coast from Hong Kong
and Canton to the frontiers of Manchuria in the north ; thence

they advance little by little every year into the interior, whUe as

yet the western provinces are scarcely touched by missionary effort.

The literary labours of the various societies have been carried on

with the utmost perseverance ; and on the foundations laid by a

Morrison and a Milne later toilers have been enabled to raise a

superstructure of translations of various portions of the Bible, as

well as various Christian books and religious and general periodicals

which constitute a means of vast importance towards gradually

gaining over this land of culture. At Peking a Russian mission

has been labouring for more than one hundred and fifty years.

The Society for the Propagation of the Gospel and the Church
Missionary Society have lately opened up new centres in this

almost limitless country.'
Japan,—Of the missions in Japan it is as yet too early to fore-

cast the futuj'e. The signing of the commercial treaties of 1854

and 1853 with America and England was followed' in 1859 by
effoi'ts on the part of the American churches to extend a knowledge
of Christianity, and in these Bishop Williams, an accomplished

Japanese scholar, proved himself a valuable leader and guide.

Soon afterwards other societies found their way into the country,

and in March 1872 the first Japanese congregation, of 11 converts,

was constituted in Yokohama. Within the last eight years these

11 have increased to 1200, while the American missions have been

supplemented by those of the Church Missionary Society and the

Society for the Propagation of the Gospel Nearly every mission

has what may be called a high school for girls, and these institu-

tions are very popular. Thousands of copies also of the Gospels

have been circulated in Japanese, and representatives of nearly all

the missions are engaged in translating the entire New Testament,

while a Russo-Greek mission has established itself in the north, and

is advancing steadily, having already made about 3000 converts.'

Thus, when it is considered that in the beginning of the 17th

century the Japanese Government drove out the Portuguese and

massacred the native Catholic converts, and prohibited all Christians

unde- pain of death from ever setting foot in the country, and when

it is borne in mind that many of these old laws against Christianity

have not yet been repealed and that the old distrust of strangers is

still plainly discernible among the governing classes, it is clear that,

while there is much ground for hope, effectual results can only be

the work of time.

iTidia.—What is ti-ue of China and Japan applies with tenfold

force to India. Here the results achieved resemble those which were

attained in the conflict between Christianily and the religion of old

pagan Rome, with its mass of time-honoured customs interwoven

with the literature, institutions, and history of the empire.

Against the influence of prestige and settled prejudice the wave of

the gospel beat for centuries in vain. Slowly and gradually it was

undermining the fabric, but no striking results were immediately

visible. So also in India with the Hindu proper Christianity has

hitherto made inappreciable progress, while among the rude

aboriginal or non-Aryan tribes its success has been remarkable.

Independently of Roman Catholic missions upwards of twenty-eight

societies are earnestly engaged in the English mission field, and the

folloning figures will give some idea of the progress that has been

made during the last twenty or fliirty years. In British India,

including Burmah and Ceylon, it is estimated that in 1852 there

were 22,400 communicants and 128,000 native Christians young

and old; in 1862 these had increased to 49,681 communicants and

213,182 native Christians; in 1872 there had been a further in-

crease to 78,494 communicants and 318,363 native Christians, while

in 1873 the latter figures rose to 460,000. When we look at the

share that each of the societies lias had in this increase, we find

that the Society for the Propagarion of the Gospel and the Church

Missionary Society together have since 1850 increased in member-

ship from 61,442 to upwards of 164,000; the London Missionary

Society from 20,000 to upwards of 48,000 ; the Presbyterian

missions of Scotland, England, Ireland, and America from 800 to

10,000 ; the Basel mission in India from 1000 to 6805 ;
the Baptist

missionary societies (including the American as well as the English)

from 30,000 to 90,000; the five Lutheran socieries from 3316 to

about 42,000. In some places the progress made has been excep-

» Tlie Roman Catholic .Mission bad 404,530 conveits In China In 1876, with a

yearly increase of about 2000.

s Christlieb, Foreign Missuim. p. 222.
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tionally rapid. In CiidJspah, e.g., in the Telupu territory, Iho

Society for the Propagation of the Gospel and the London Slission-

ary Soi iety laboured side by side for u['.vards of thirty years without

winning over more than 200 converts. Then on a sudden there

sprang up a revival among the noncaste population, and the 200

became nearly 11,000. Among the Kols, alter five years' waiting,

the Gossner missionaries baptized their first converts in 1850; now
in the Gorman and English stations together these amount to about

40,000. Since the famine, however, in 1878-79, the increase of new
converts lias been still more rapid, and the practical experience of

the superiority of Christian iiity to heathen selfishness and of the

helplessness of their heathen deities, united with the effect produced

by persistent missionary labour in past years, brought thousands
into the fold of the church. Thus in the Tinnevclly district, where
the Church Missionary Society carries on its operations, upwards of

11,000 heathens applied in 1878 to Bishop Sargent and his native

clergy for instruction preparatory to baptism.' In the same district,

in connexion with the Society for the Pro|iagation of the Gospel,

between July 1877 and the end of June 1878 upwards of 23,564
persons betook themselves to Bishop Caldwell and his feljow-

tabourers for Christian leaching. Thus the English Church mis-

aions in Tinnevelly and Ramnad received in little more than a year
and a half an increase of 35,000 souls,' and the Propagation Society
is now proclaiming the gospel in nearly six hundred and fifty

villages in the Tinnevelly district, amongst not merely food-seeking
"rice Christians " but those who have had the courage to face severe

Crsecutiou for joining the Christian church. Encouraging progress

3 also been made among the Santals and the Karens in tSurmah
and Pegu. Siwaking generally, it may be said that the largest

proportion of native converts is in the south, in the presidency of
Madt^; next to southern India the most fruitful field is Burniah,
where the American Baptist missions are carrying on a successful
work among the Karens, while the Propagation Society has founded
many schools on the Ii-awadi, and penetrated up to Rangoon, and
beyond British territory to Mandalay; next in pointof numbersstand
Bengal and the North- West Provinces. Here the largest contingent
is supplied by the missions in Chutia Nagpiir, among the aboriginal
tribes of the Kols, while the Santal mission also presents many
promising features. For the Punjab district and that of Sind,
the Church Missionary Society has planted in Lahore a flourishing
theological seminary for Christian Hindus, Sikhs, and Mohammed-
ans, and Christianity has advanced thence by way of Peshawar
into A/ghanistan and Kashmir. It thus appears that by far the
greatest measure of success has been obtained amongst the aboriginal
races and those who are either of low caste or of no caste at all,

while the real strongholds of the Hindu religion and civilization
still stand out like strong fortresses and defy the attempts of the
besiegers. Still the disintegrating agency of contact with Christi-
anity is working out its slow but sure results. " Statistical facts,"
writes Sir Bartle Frere, "can in no way convey any adequate idea
of the work done in any part of India. The effect is often enormous
where there has not been a single avowed conversion. The teaching
of Christianity amongst 160 millions of civiUzea inaustrious Hindus
and Mohammedans in India is effecting changes, moral, social, and
political, which for extent and rapidity in effect are far more extra-
ordinary than any that have been witnessed in modem Europe."
"The number of actual converts to Christianity in India," says
Lord Lawrence, "does not by any means give an adequate result
of missionary labours. There are thousands of persons scattered
oyer India who from the knowledge they have acquired either
directly or indirectly through dissemination of Christian truth
and Christian principles have lost all belief in Hinduism and
Mohammedanism, and are in their conduct influenced by higher
motives, who yet fear to make an open profession of the change
in them lest they should be looked upon as outcasts and lepers
by their own people." To some such a negative result may at
first eight appear discouraging ; but, read by the light of history,
it marks a natural, almost a necessary, stage of transition from
an ancient historical religion to Christianity. The Brahma Somaj
is not the first instance where a system too vague and shadowy
and too deficient in the elements of a permanent religion has
filled the interval between the abandonment of the old and the
acceptance of a new faith. The cultured classes amongst the
Greeks and Romans experienced in their day, after the popular
mythology had ceased to satisfy, a period of semi-scepticism beforo
Christianity had secured its hold. Meantime in India the indirect
agencies which are at work—the results of war and conquest, of
European science and European literature, of the telegraph and
the railway, the book and the newspaper, the college and the school,
the change of laws hallowed by immemorial usage, the disregard of
tune-honoured prejudices, the very presence of Europeans in all
parts of the country—all those various influences are gradually
bringing about results analogous to that to which Sir James Mack-
intosh relerred in a conversation with Henry Martyn, when the

' Abstract of Church ^fissi<mary Society a Report for 1879, p. 13.
' Raport of the Propagation Society for 1879, p. 81 sq.

Oriental world was made Greek by the mcccssors of Alexander !»

order to make way for the religion of Christ But when to these

indirect influences wo add the effects of direct missionary instruc-

tion, of training schools like those of the Free Church of Scotland

in Madras, of Bishop Sargent in Tinnevclly, of Bishop Cotton in

the North- West Provinces, of Zenana missions now carried on on an

extensive scale amongst the female population, of the numerous

missionary presses at work circulating tliousands of copies of the

K.ily Scrip;arc3 and of Christian books, it is obvious that, small

and insignificant as these agencies may seem compared with the

magnitude of the work required to be done, there has been a

great advance made during recent years. The present century

of missions may favourably compare with the primitive and
mediceval a.^es of the church, and the continuity of the missionary

spirit operating, as we have seen, after long periods of stagnation

and depresiion is the best guarantee of its ultimate and more com-
plete succesj at the close of the present epoch, during which, to use

Karl Ritter's expression, " almost all the rivers of tlie earth have

begun to run in double currents, and nearly all the seas and rivers

have become the seas and rivers of civilization." (G. F. M.)

MISSISSIPPI. The territory drained by the Missis-

sippi river and its tributaries includes the greater part

of the United States of America Ijang between the Alle-

ghany Mountains on the east and the Rocky Jlountains

on the west, and has an area (1,244,000 square miles) con-

siderably larger than all central Europe. The central artery

through which the drainage of this region passes is called

the Mississippi river for about 1 300 miles above its mouth.
The name is then usurped by a tributary, while the main

The Mississippi and its Tributaries,

stream becomes known as the Missouri. From its remote
sources in the Rocky Mountains to the Gulf of Mexico
the total length of the river is about 4200 miles. The
other principal tributaries are the Ohio, the Arkansas, and
the Red River, but the Yazoo and the St Francis often
make dangerous conttibutic ds in seasons of flood.

The tables given below exhibit the hydraulic features
of the Mississippi and its principal tributaries.

Below the influx of the Ohio the Mississippi traverses
alluvial bottom lands liable to overflow in flood seasons.
The soil is of inexhaustible fertility, producing large crops
of corn in the northern portion, cotton in the middle dis-

trict, and sugar, rico, and orange groves near the mouth.
These bottom lands, averaging about 40 miles in width,
extend from north to south for a distance of 500 miles,
having a general southern slope of 8 inches to the mile.
The river winds through them in a devious course for 1100
miles, occasionally on the east side washing bluffs from 100
to 300 feet in height, but usually confined by banks of its

own creation, which, as with all sediment-bearing rivers
of like character, are highest near the stream itself. The
general lateral slope towards the foot hills is about 6 inches
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in 5000 feet, but the normal fall in the first mile is about

7 feet. Thus apparently following a low ridge through the

bottom lands, the tawny sea sweeps onward with great

velocity, eroding its banks in the bends and rebuilding

them on the points, now forming islands by its deposits,

and now removing them as the direction of the flow is

modified by the never-ending changes in progress. Chief

ajnong such changes is the formation of cut-offs. Two
e7'oding bends graduaUy approach each other until the water

forces a passage across the narrow neck. As the channel

distance between these bends may be many miles, a cascade

perhaps 5 or 6 feet in height is formed, and the torrent

rushes through with a roar audible for miles. The banks

dissolve like sugar. In a single day the course of the river

is changed, and steamboats pass where a few hours before

the plough had been at work. The checking of the current

at the upper and lower mouths of the abandoned channel

soon obstructs them by deposit, and forms in a few years

one of the characteristic crescent lakes which are so marked
a feature on the maps.

The total area of the bottom lands is about 32,000
square miles, of which only a narrow strip along the

immediate banks of the main river and of its principal

bayous and tributaries has even yet been brought under
cultivation. A proper system of protection against overflow

would throw open 2,500,000 acres of rich sugar land,

7,000,000 acres, of the best cotton land in the world, and
1,000,000 acres of corn land of unsurpassed fertility.

The work of embankment began in 1717, when the

engineer De la Tour erected a dyke or levee 1 mile long to

protect the infant city of New Orleans from overflow.

Progress at first was slow. In 1770 the settlements

extended only 30 miles above and 20 miles below New
Orleans ; but by 1828 the levees, although quite insufficient

in dimensions, had become continuous nearly to the mouth
of Red River. In 1850 a great impulse was given to

systematic embankment by the U.S. Government, which
gave over to the several States all unsold swamp and over-

flowed lands within their limits to provide a fund for re-

claiming the districts liable to inundation. The action

Tributaries of the Lower Mississippi.

River.
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reautting from this caused alurm in Louisiana, for the great

bottom lands above were believed to act as reservoirs to

receive the highest flood wave ; ana it was imagined that

if they were closed by levees the lower country would

b- overwhelmed whenever the river in flood rose above

its natural lianks. The aid of the Government was in-

voked, and Congress immediately ordered the necessary

investigations and surveys. This work was placed in

charge of Captain (now General) Humphreys, and an

elaborate report covering the results of ten years of investi-

g:\tion was published just after the outbreak of the civil

war in 1861.' The second of the tables given above, and

indeed most of the physical facts respecting «ie river, are,

quoted from this standaid authority.

To understand the figiues of the table it should be noted

that at the mouth of Red River, 316 miles above the passes,

the water surface at the lowest stage is only 5 j^ feet above

the level of the Gulf, where the mean tidal oscillation is

about 1 fV feet. The river channel in this section is there-

fore a freshwater lake, nearly without islands, 2600 feet

wide and 100 feet deep along the deepest line. At the

flood stage the surface rises 50 feet at the mouth of Red
River, but of course retains its level at the Gulf, thus giving

the head necessary to force forward the increased volume

of discharge. Above the mouth of Red River the case

is essentially different. The width increases and the depth

decreases ; islands become numerous ; the oscillation be-

tween high and low water varies but little from 50 feet

until the mouth of the Ohio is reached—a distance of

about 800 miles. Hence the general slope in. long distances

is here nearly the same at all stages, and the discharge

is regxilated by the varying resistances of cross section, and

by local changes in slope due to the passage of flood waves
contributed by the different tributaries. The effect of

these different physical conditions appears in the compara-

tive volumes which pass through the channel. At New
Orleans the maximum discharge hardly reaches 1,200,000
cubic feet per second, and a rising river at high stages

carries only about 100,000 cubic feet per second more than

when falling at the same absolute level ; while just below

the mouth of the Ohio the maximum flood volume reaches

1,400,000 cubic feet per second, and at some stages a

rising river may carry one-third more water than when
(ailing at the same absolute level

The percentage of sedimentary matter carried in suspen-

sion by the water varies greatly at different times, but is

certainly not dependent upon the stage above lew water.

It is chiefly determined by the tributary whence the water

proceeds, but is also influenced by the caving of the banks,

which is always excessive when the river is rapidly falling

after the spring flood. In long periods the sedimentary

matter is to the water by weight nearly as 1 to 1500, and
by bulk as 1 to 2900. The amount held in suspension

and annually contributed to the Gulf constitutes a prism
1 mile square and 263 feet high. In addition to this

amount a large volume, estimated at 1 mile square and
27 feet high annually, is pushed by the current along the

bottom and thus transported to the Gulf.

The mean annual succession of stages for long periods
is quite uniform, but so many exceptions are noted that
no definite prediction can safely be made for any particular

epoch. The river is usually lowest in October. It rises

rapidly until checked by the freezing of the northern
tributaries. It begins to rise again in February, and attains

its highest point about the Ist of April. After falling a few
feet it again rises until, early in June, it attains nearly the
same level as before. After this it rai)idly recedes to low-
water mark. As a rule the river is above mid-stage from
January to August inclusive, and below that level for the
remainder cl tje jc-j.

It has been established by /oeasurement ana ooservation

that the great bottom lands above Red River before the con-

struction of their levees did not serve as reservoirs to

diminish the maximum wave which passed through

Lou;s;ana in great flood seasons. They had ah-eady become

filled by local rains and by water escaping into them from

the Mississippi through numerous bayous, so that at the

date of highest water the discharge into the river near their

southern borders was fully equal to the volume which the

wave had lost in passing along their fronts.

In fine, the investigations between 1850 and 1860 estab-

lished that no diversion of tributaries was possible
; that no

reservoirs artificially constructed could keep back the spring

freshets which caused the floods ; that the making of cut-

offs, which had sometimes been advocated as a measure of

relief, so far from being beneficial, was in the highest degree

injurious; that, while outlets within proper limits were

theoretically advantageous, they were impracticable from

the lack of suitable sites ; and, finally, that levees properly

constructed and judiciously placed would afford protection

to the entire alluvial region.

During the civil war (1861-65) the artificial embankments

were neglected ; but after its close large sums were expended by the

States directly interested in repairing tbem. The work was dons

without concert upon defective plans, and a great flood early in

1874 inundated the country, causing terrible suffering and loss.

Congress, then in session, passed an Act creating a commission of

five engineers to deteimine and report on the best system for the

permanent reclamatioi of the entire alluvial region. Their report,

rendered in 1875, endorsed the conclusions of that of 1861, and

advocated a general levee system on each bank. This system

comprised—(1) a main embankment raised to specified heights

sufficient to restrain the floods; and (2), where reasonable security

against caving required considerable areas near the river to be

throivn out, exterior levees of such a height as to exclude ordinary

high waters but to allow free passage to great floods, which as a

nJe only occur at intervals of five or six years. The back country

would thus be securely protected, and a safe refuge would be pro-

vided for the inhabitants and domestic animals living upou the

portion subject to occasional overflow. An engineering organisa-

tion was proposed for constructing and maintaining these levees,

and a detailed topographical survey was recommended to determine

their precise location. Congress promptly approved and ordered

the survey ; but strong opposition on constitutional grounds was
raised to the construction of the levees by the Government.

In the meantime complaints began to be heard respecting the

low-water navigation of the river below the mouth of the Ohio.

Forty-three places above the mouth of Red River afforded depths

of less than 10 feet, and thirteen places depths less than 5 feet, the
aggregate length of such places being about 150 miles. A board
of five army engineers, appointed in 1878 to consider a plan of

relief, reported that 10 feet could probably be secured by narrow-
ing .the wide places to about 3500 feet with hurdle work, brush
ropes, or brush dykes designed to cause a deposit of sediment,
and by protecting caving banks, whe- necessary, by such light and
cheap mattresses as experience should show to be best suited to the
work. Experiments in these methods were soon begun upon tlw
river above Cairo, and have since proved of decided benefit.

In June 1879 Congress created a commission of seven members
to mature plans to correct, permanently determine, and deepen the
channel, to protect the banks of the river, to improve and give
safety to navigation, to prevent destructive floods, and to promote
and facilitate commerce. Up to 1882 appropriations amounting
to £1,285,000 were made to execute the plans of this commission,
but with provisos that none of the funds were to be expended
in repairing or building levees for the protection of land against
overflow, although such levees might be constructed if necessary
to deepen the channel and improve navigation. Acting under this
authority, the commission have allotted considerable sums to repair
existing breaks in the levees ; but their chief dependence is upon
contracting the channel at low water by promoting lateral deposits,
and upon protecting the high-water banks against caving by mats of
brush, wire, &c., ballasted where necessary with stone,—substan-
tially the plans proposed by the army board of 1878.
The bars at the efllux of the passes at the mouth of the Mississippi

have long been recognized as serious impediments to commerce.
The river naturally discharges through three principal branches, the
south-west pass, the south pass, and the north-east pass, the latter
through two channels, the most northern of which is called Tass k
I'Outre. The ruling depth on the several bars varies with the
discharge ov"»- thera, which in turn is controlled by the successive
adTmcc;. or the passes. In the natural condition the greatest
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depth does not exceed 12 o' 13 feet. The first appropriation by
Congress to secure increased depth was made in 1837, and was ex-

pended in. an elaborate surrey and in a system of dredging by
Duckets, but the plan of a ship canal was also discussed. At tho
next appropriation, made in 1852, a board of officers, appointed
by the war 'department, recommended trying in succession—(1)

stirring up the bottom by suitable machinery, (2) dredging by
buckets, (3) constructing parallel jetties 5 miles -long at the
siiuth-west pass, to be extended as found necessary, (4) closing

lateral outlets, and (5) constructing a ship canaL A depth of 18
feit was secured by the first plan, and was maintained until the
available funds were exhausted. Under the next appropriation

(1856) an abortive attempt was made to apply the plan of jetties

ito tho south-west pass. This failed from defects in execution by
the contractors, but a depth of 18 feet was finally secured by diedg-

/'ing and scraping. The report of 1861 discussed the subject of bar
• formation at length Although it approved the plan of jetties and
closure of outlets as correct m theory, the stirring up of the bottom
by scrapers during the flood stages of the river (six months annually)
•vas recommended by it as the most economical and least objection-

ftble After the war this recommendation was carried into effect

lor several years with improved machinery, giving at a moderate
annual cost a depth at times reaching 20 feet at extreme low water,

but experience indicated that not much morei than 18 feet could be
steadily maintained. This depth, entirely satisfactory at first, soon
became insufficiein <_ meet the growing demands of commerce, and
in 1873 Major HowtU, the engineer In charge, revived tho pro-

ject of a ship canal. The subject was discussed carefully by a board
of army engineers, the majority approving a ship canal In 1874
Congress constituted a special board which, after visitin» Europe
and examining similar works of improvement there, reported

in favour of constructing jetties at the south pass, substantially

upon the plan used by Mr Caland at the mouth of the Meuse
;

and in March 1875 Captain J. B. Eads and associates were authorised

by Congre-53 to open by conti'act a broad and deep channel through
the south pass upon the general plan proposed by this board. TMs
contract called for " tho maintenance of a channel of 30 feet in depth
ind 350 feet in width for twenty years " by " the construction of

thoroughly substantial and permanent works by which said channel

may be maintained for all time after their completion. " The jetties

were to be not less than 700 feet apart. The sum of £1,080,000 was
to be paidjfor obtaining tnis • hannel and £412,000 for maintaining

it for twenty years. In addition thf cortractors were authorised to

use any materials on the public lands suitable for and needed in the

work. The south pass was 1 %^ miles long. It had an average width
of 730 feet and a minimum nterior channel depth of 29 feet. The
distance from the 30-fooi, ;U' ve inside the pass across the bar to

the 30-foot curve outside was 11,900 feet. The minimum depth at

average flood tide on the bar was about 8 feet. The discharge at

the mouth was about 57,00r cubic feet of water per second, trans-

porting annually about 22 million cubie yards of sediment in sus-

pension to the Gulf. A small island and shoal existed at the head

of the pass, the channel there having a°minimum depth of 17 feet.

The work was begun on June 2, 1875, and has been so far success-

ful that during the year ending June 30, 1882, a channel was main-

tained having a least depth of 30 feet between the jetties and extend-

ing through the bar. Its least width was 20 feet, the average

being 105 feet. The 26-foot'ch4ilnel had a least width of 200 feet,

except for a few days. In the pass itself the 26-foot channel had
a least width of 60 feet. A very powerful dredge-boat was at work
between and beyond the jetties 87 days, of which 51 were devoted

to the channel in the Gulf A deepening of 6 feet has occurred

in Pass h, I'Outre near its head since 1875. Up to the present

time the work has proved of great benefit to the commerce of New
Orleans.

For further details, see BiVER ENorNBEBiNO. (H. L. A.)

MISSISSIPPI, one of the Southern States of the

American Union, derives its name Itom the river which

fof more than 500 miles forms iiis T7estern boundary
between the 35th and Slst paralltis of north latitude,

separating it from Arkansas and Louisiana. The boundary
with the latter State is continued along the 31st parallel,

for 110 miles, to the Pearl river, and then down the Pearl

to its mouth. The Gulf of Mexico, eastward from the

mouth of Pearl river, completes the southern boundary.

On the north the 35th parallel, from the Mississippi river

to the Tennessee, separates the State from Tennessee, and
the boundary then follows the latter river to the mouth
of Bear Creek, in 34° 53' N. lat. and 88° 15' W. long.

The eastern boundary of the State, separating it from

Alabama, follows a line drawn from the mouth of Bear

Creek about seven degrees west of south to what was

" the north-vrestem comer of Washington county on the

Tombigbee," and thence due south to the Gnlf of Mexico.

Ship, Horn, Cat, and Petit Bois Islands, and those nearer

the shore, form a part of Mississippi. The extremo kngth
of the State, north and south, is 330 miles, and its

maximum breadth is 188 miles. Under the United States

surveys, begun in 1803, the State has been divided into

townships and sections, except such parts as were at the

first owned by individuals. The area of the State is given

in the census reports for 1880 as 46,340 square miles.

Topography.—There are no mountains in Mississippi,

but a considerable difference of level exists between the

continuously low. flat, alluvial region lying along and
between the Mississippi and Yazoo rivers, called " the

Bottom," and nearly all the remainder of tho Stat«, which
is classed as upland. The latter part, comprising five-

sixths of the whole, is an undulating plateau whose general

elevation above the water of the Gulf of Mexico increases

to 150 feet within a few miles of the coast, and varies

elsewhere from 150 to 500 or 600 feet. Some exceptional

ridges are probably 800 feet high. The streams of this

region flow in valleys varying in width from a few hundred
yards to several miles. The fall of each river is not great,

and is quite uniform. Usually a considerable part of t/:o

valley of each larger stream is several feet above its pre :'!5)t

high water mark, and forms the " hommock," or " second

bottom ' lands. On some of the rivers the lowest part of

the valley, subject to overflow, is several miles in width,

and bears a resemblance to the Mississippi Bottom.

Ridges or plateaus everywhere in the upland region

divide the contiguous basins of creeks and rivers, descending

more or less abruptly to their valleys. In the north-eastern

part of the State, almost level prairies cover large areas

overlying a Cretaceous formation called Rotten Limestone.

A line of abrupt bluffs, extending southward from the

north-west comer of the State, divides the upland region

from the Bottom, where the general surface lies below

the high-water level of the Mississippi river. A few low

ridges, running north and south, and embracing about

200,000 acres, are barely aibove high water. The culti-

vated lands in the Bottom lie on theso, and on the borders

of the rivers and the numerous lakes and bayous, where

the siirface is slightly elevated. Low swamps or marshes,

in which flourish 'arge cypress trees (Taxodium distichvm),

lie between the streams, and frequently receive the surface

drainage from their banks. Large forest trees and dense

cane-brakes (Aj-undinaria gigantea) occupy the drier

ground. The Mississippi river is prevented from flooding

the Bottom during high water by a system of levees or

embankments built by a fund derived partly from taxation

on the land and partly from the proceeds of the sale of

public lands in the State classed as " swamp lands," which,

were given over for this purpose by Congress. The only com-

pensation for the injury done when breaks in the levees

(" crevasses ") occur is the deposit of alluvial matter left by

the overflow, which adds to the productiveness of the

already wonderfully fertile soil. Tho present levee system

usually protects about one-fourth of the 4,000,000 acres

in the Bottom. Many crescent-shaped lakes (" cut-offs ")

occur in the Bottom. Similar phenomena present them-

selves in the channels of the other rivers having wide

bottoms.

The voliune of water in the streams varies greatly during

the year, and is usually largest between the months of

January and AprU. During high water aU the larger

streams are navigable by steamboats. These ply u^pon the

Mississippi, Tennessee, and Yazoo rivers throughout tho

whole year. The rivers flowing into the Gulf aie much

obstructed by sand-bars, and are chiefly used foi floating

logs to the saw^mills on the coast.
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The best and only deep harbour on the coast is the well-

protected roadstead inside of Ship Island. It has a depth

of 27 feet, a firm clay bottom, and is readily accessible to

lighters from the shallower harbours along the coast.

Climate.—Near the \v,iters of the Gulf of Jlexico the climate is

much milder than in the northern parts of the State. On the

southern borders tlie temperature rarely fnlls to 32° Fahr., or exceeds
95°, the annual mean being about 68°. The orange, lemon,
almond, banana, and olive can bo grown without protection. In
the latitude of Vicksburg the temperature ranges from 98° to 20°,

very rarely lower ; the annual mean is 65°. The range in the
northern part of the State is from 98° to 15°, or rarely 10 , and the
annual mean is 61°. The first and last hoar-frosts occur, in the

central parts of the State, usually in the latter parts of October and
March. The ground is seldom frozen to the depth of 3 inches, and
only for a few days at a time. The rainfall on the coast is 60 to 65
inches per annum, and at the northern boundary 50 inches. While
about two-thirds of this precipitation occurs in winter and spring,

a month seldom passes without several inches of rainfall.

Land and sea breezes in the south, and variable winds elsewhere,

make the heat of summer tolerable. In healthfulness Mississippi

compares favourably with other States. The average death-rate of

thirteen States, variously situated, as given in the census of 1880,

is 1*38 per cent. ; that of Mississippi is 1'19 per cent. Where the

surface is flat and poorly drained malarial fevers are prevalent during
the warm season. Yellow fever has become epidemic after importa-
tion, but strict quarantine has been successful in preventing it.

Geology.—In accordance with an Act of the legislature passed in

1850, an agricultural and geological survey of the State was begun,
which continued, with interruptions, until 1871. Two reports have
been published, one in 1854 and another in 1860.

The geological structure of the State is comparatively simple,

and closely related to that of the adjacent States. The older

formations are nearly all overlaid by deposits of the Quaternary
period, which will be described last. In the extreme north-
eastern portion are found the oldest rocts in the State,—an ex-

tension of the Subcarboniferous formatisn which underlies the
Warrior coal-fields of Alabama. The strata here show some traces

of the upheaval which for.med the Appalachian mountain chain,
whose south-west termination is found iu Alabama. When this

chain formed the Atlantic mountain-border of the continent, except-

ing this north-east corner, Mississippi had not emerged from the
waters of the ancient Gulf of Mexico. As the shore-line of the
Gulf slowly receded southward and westward, the sediment at its

bottom gradually came to the surface, and constituted the Cretaceous
and Tertiary formations of this and adjacent States. Wherever
stratification is observed in these formations in Mississippi, it

shows a dip west and south of 20 or 30 feet to the mile. The
Cretaceous region includes, with the exception of the Subcarboni-
ferous, all that part of the State eastward of a line cutting the
Tennessee boundary in 89° 3' W. long., and drawn southward
and eastward through the towns of Ripley, Pontotoc, %nd Stark-
Tille, crossing into Alabama in latitude 32° 45'. Four groups of
Cretaceous strata have been determined in Mississippi, defined by
lines having the same general direction as the one just described.
The oldest, bordering the Subcarboniferous, is the Eutaw or
Coffee group, characterized by bluish-black or reddish laminated
clays, and yellow or grey sands, containing lignite and fossil resin.
Westward and southward to the city of Columbus is the
Tombigbee sand group, consisting chiefly of fine-grained micaceous
sands of a greenish tint, with many marine fossils. Next in
order, westward and southward, is the Rotten Limestone group,
made up of a material of great uniformity,—a soft chalky rock,
white or pale blue, composed chiefly of tenacious clay, and white
carbonate of lime in minute crystals. Borings show the total
thickness of this group to be about 1 000 feet. Fossils are abundant,
but species are few. The latest Cretaceous is the Ripley group,
lying west of the northern part of the last-named group, and
characterized by hard crystalline white limestones, and dark-
coloured, micaceous, glauconitic n'lrls, whoso marine fossils are
admirably preserved. One hundred and eighty species have been
described. The total thickness of the Cretaceous is about 2000
feet. Deposits of the Tertiary period form the basis of more than
half the State, extending from the border of the Cretaceous west-
ward nearly or quite to the Yazoo and Mississippi Bottom, and
southward to within a few miles of the Gulf coast. Seven groups
of the Tertiary strata have been distinguished. Beginning nearest
the Cretaceous, the Flatwoods group is characterized by grey or
white clays, and a soil which responds poorly to tillage. The
Lagrange group, lying to the west of the last, is marked by grey
clays and sands, fossil plants, and beds of lignite or brown coal,
sometimes 8 feet in thickness. The Buhrstono group, lying south-
westward from tho last, is characterized by beds of white siliceous
clays, and of silicified shells, and sandy strata containing glauconite
in valuable ouantities. The Claiborne group lies south of tho
last, and is slightly developed in Mississippi, but well-marked in

Alabama. The Jackson group, south-west of tho last two, is

made up chiefly of soft yellowish limestones or marls, containing

much clay, and sandy strata with glauconite. Zeuglodon bones

and other marine fossils are abundant. The Vicksburg group lies

next in order south-westward, and is characterized by crystalline

limestones and blue and white marls. Marino fossils are very

abundant. More than one hundred and thirty species have been

determined. The Grand Gulf group, showing a few fossil plants

and no marine fossils, extends southward from the last to within

a few miles of the coast.

The oldest formation of the Quaternary -period is the "orange
sand" or "stratified drift," which immediately overlies all the

Cretaceous groups except the prairies of tho Rotten Limestone,

and all the Tertiary except the Flatwoods and Vicksbuig groups

and parts of the Jackson. Its depth varies from a few feet to over

200 feet, and it forms the body of most of the hills in the State.

Its materials are pebbles, clays, and sands of various colours from
white to deep red, tinged with peroxide of iron, which sometimes
cements the pebbles and sands into compact rocks. The shapes of
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Geological Map of Mississippi State.

these ferruginous sandstones are very fantastic,—tubes, hollow

spheres, plates, &c., being common The name stratified drift is

used by the geologist of Alabama to indicate its connexion with
tho northern drift. Tlie fossils are few, and in some cases probably
derived from the underlying formations. Well-worn pebbles of

amorphous quartz, agate, chalcedony, jasper, &c., are found in the
stratiaed drift along the western side of the Tertiary region of

the State, and from Columbus northward. "While this forma-

tion is not well understood, it seems tolerably well established

that the melting of the great glaciers of the north furnished the
water which brought with it fragments of the rocks over which
it passed, and flowed into the Gulf with a current which was
most rapid where the pebbles were dropped, but overspread the
remainder of the State with a gentler flow, leaving sands and
clays " (E. A. Smith). The second Quaternary formation is the
Port Hudson, occurring within 20 miles of the Gulf coast, and prob-
ably outcropping occasionally in the Mississippi Bottom. Clays,
gravel, and sands, containing cypress stumps, drift-wood, and
rnastodon bones, are characteristic. The loess or blulT formation
lies along the bluffs bordering the Bottom, ne.arly continuously
through tho State. Its fine-grained, nnstratified silt contains tha
remains of many terrestrial animals, including fifteen mammals.
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• The surface and subsoil of nearly all the upland region of

Mississippi, the southern part being the exception, is composed of

yellow loam or brick-clay containing no fossils, and showing no
stratification. The soil of the Rotten Limestone region is similar in

its general make up, but is black, and contains more lime and
clay. Both are regarded as an independent aqueous deposit, pos-

terior to the stratified drift and bluff formations, and anterior

to the alluvium of the present . epoch. The "second bottoms,"

probably, are later than the yellow loam, and belong to the " terrace

epoch." The latest formation, alluvium, is strongly marked, and
covers a large area in the Yazoo and Mississippi Bottom, and along

other Streams.

The following are the equivalents of the Mississippi groups in

Paaa's Oeology

:

—
(Mi AlluTlain AllnTlmn.

r. I 20c Loam and loesa., Loam and loess.
<lo»temai7. _ < 205 Port Hudson Port Hudson.

liOa Drift„ StratiSed drift.

^ TT„~^ i Grand Gulf.
f^ff" i Vlcksturg.

•tertiary. .19a Eocene..... Middle | ij^^tm'e.

I T™~ J Buhrstono, Lagrange,
'•'^''"-

1 Flatwoods.
( Ripley

(1»" Upper.
J jj^^i Limestone.

Cretaceons •<
1 TomWgljee.

(18a .Lower .,
| coffee.

SabcaibonUerous „ - Keokuk.

Minerals.—Metallic ores are not found in Mississippi in paying

quantities. The only valuable minerals are sandstones and lime-

stones, marls, sands, lignite or brown coal, and fire-clays. None of

these have been extensively brought into market. Potable water is

found almost everywhere. Artesian wells furnish it in the Rotten

Limestone region, when bored into the underlying Coffee strata.

i'aun«.— Mississippi affords perhaps no species which are not

found in the neighbouring States. There are thirty or forty species

of Mammalia, the most remarkable being the American opossum,

still quite abundant. The ieur (Cervxis virginianus), black bear

(Ursm americanus), wolves (Canis lupus and Lupus ainericanus),

catamount (Fells ccncolor), and wild-cat {Lyncus rufus) have much

decreased in number, and may, like the buffalo and elk, shortly

become extinct. About one hundred and fifty species of birds

are found during at least part of the year. Many are seen only

in transitu, and about twenty species from the north spend the

winter here. The mocking bird (Mimus polyglottus), the Tnost

remarkable songster, is very abundant. The wild turkey (Meleagris

gallipavo) survives by virtue of its wary and watchful character.

Over fifty species of Replilia have been found, prominent among

which is the alligator (A. mississippiensis), which attains a length

of 12 or 15 feet, and is common in the southern river bottoms.

The rattlesnake, moccasin", and copperhead, venomous serpents, are

occasionally found. About halt of the sixty-three species of fish

abounding in the fresh and salt waters of the State are valuable

for food. The edible oysters and- crustaceans of the coast are

remarkably fine. .

j^ora.—Originally nearly the entire State was covered with a

growth of forest trees of large size, mostly deciduous. The under-

growth was kept down by annual burnings by the natives, and

the <Tound became carpeted with grasses and herbs. Over 120

species of forest trees are found ; many valuable ones are abundant,

and their timber constitutes ^ large item in the resources of the

State. Of the 15 species of oak the most valuable are the liv3-oak

(Q virens), found near the coast, and the white-oak (Q. alba),

widely distributed. The cypress {Taxodium distichum) is yerj

abundant in the bottoms. Various species of hickory, the chest-

nut, black walnut, sweet gum, cucumber tree, cottonwood (Populus

ddtmdes), red cedar, elms, holly, magnolias, maples, ash, persun-

mon, sycamore, tupelo, and many others valuable for their timber,

are abundant and of large size. The long-leaved pine {P. austrahs)

forms the principal forest growth south of lat. 32 15
.

It atUins

a diameter of 2 or 8 feet, has a tall and shapely trunk, and its

timber is unsurpassed in the variety of its uses. The census reports

estimate the merchantable timber of this species now standing in

the State at 18,200,0.00, (iOO feet, board measure. The amount cut

in 1880 was 108,000,000 feet. The short-leaved pine (P. mUis),

ahnost as valuable, is found in various parts, the quanti^ now

standing being estimated at 6,775,000,000 feet. The total value

of the pine timber of the State is about $250,000,000.
_ _

Agriculture is the leading industry in Mississippi. Over

300 000 of the population are directly engaged in the cultivation ot

4 895 000 acres of land. The character of the soil is varied, and

ail is productive, except that in the Flatwoods region and in the

district covered with long-leaved pine, where only the T-all^l^^™

fertae. At least half the State is exceptionally fertile Not more

than one-fourth of the arable land has been brought ^to culti-

vation and two millions of acres of the best lands in the State,

lying in the Bottom, might be made arable by proper drainage.

Cotton is the chief agricultural product; in 1880 Mississippi

tanked first among the States in the amount rauefi. The crop ol

1879-80 amounted to 955,808 bales, worth $43,000,000. There

were produced also of cotton seed 28,000,000 bushels, worth

§3,000,000; of Indian com, 21,340,800 bushels ; of oats, 1,959,620

bushels ; of wheat, 218,890 bushels ; of rice, 1,718,950 lb. Small

quantities of rye, barley, molasses, and tobacco, and abundant crops

of potatoes, yams, pease, and a^ garden vegetables, are annually

produced.
Fruits of various kinds flourish in many parts of the State, and,

with early vegetables, are largely shipped to the northern markets

in spring and early summer. The value of the cotton crop is

about three times as great as that of all the other products of

the soil, which are sometimes insufficient for home consumption.

Economically this specialization of agriculture is to be regretted

;

but successful efforts are being made to diversify it by growing

other crops to which the soil and climate are equally well suited.

Manufactures.—The principal articles manufactured are lumber,

cotton and woollen goods, cotton seed oil, and agricultural imple-

ments.
Fopulatim.—The number of inhabitants according to the different

census returns from 1850 is given in the following table :

—

Census.
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Floridi at firet sxtfndeJ eastward from the Mississippi river along

the Gulf coasts, with its northern limit at the 3l6t parallel of north

latitude. Soon afterwards the northern boundary was fixed at a

line dra\vn eastward from the point where the Yazoo river unites

with the MississippL

l/ndcr British rule the Natchez country, which had been deserted

since the massacre of 1729, and th» aouthpro part of the present

State of Mississippi, rapidly filled with settlers, many of them

emigrants froru the Atlantic colonics. Cotton, indiyo, and sugar

were cultivated, and negro sUves continued to be freely introduced.

During the revolutionary war of the Atlantic colonics, West

Florida, being far removed, remained undisturbed until 1779. Spain

and England being then at war, Galvez, the governor of Now
Orleans, aided by sympathizers with the revolutionary colonists.

took possession of the whole cf West Florida for the king of Spain.

At the peace of 1783 England acknowledged the 31st jiarallel as

the southern boundary of the United States, and ceded West

Florida to Spain. The district between the 31st parallel and the

p.irallel through the mouth of the yazoo was therefore claimed by

the United States and by Spain, the latter being in possession.

After tedious uegotiations the latter power relinquished the district

in March 1798, and Congress at once formed it into "the Mississippi

Territory," which extended from the Mississippi river eastward

between the two above-mentioned parallels of latitude to the

Chattahoochee river.

The State of Georgia claimed as a part of its domain all of the

district east of the Mississippi river, and between the 31st and 35th

parallels. In 1802 it ceded its claims to the Federal Government
for certain considerations, and in 1804 Congress extended the

limits of the Mississippi Territory northward to the 35th parallel.

Nearly all of the Territory was then owned by the native Indians.

The Choctaws occupied the southern part, and the Chickasaws the

northern part of what is now the State of Mississippi. In 1812
the United States troops occupied Spanish West Florida, and the
district east of Pearl river and south of lat. 31° was added to the
ilississippi Territory. The Territory was divided by the present
line between Alabama and Mississippi, and the State of Mississippi
admitted into the Union in 1817. In 1830-32 the native tribes

exchanged their lands for others west of the Mississippi river and
were nearly all removed, and a rapid influ.x of settlers followed.
In January 1861 the State seceded from the Federal Union, and,
ioining the Southern Confederacy, furnished a large numljor of
troops during the ciril war. It was the field of many important
jampaigns, and suffered great losses. Exhausted by the conflict,

and harassed by processes of political reconstruction, the State was
in a deplorable condition for several years. But within the last
decade an era of prosperity commenced, marked by a large increase
in population ana great activity in agricultural and other pursuits.

Lileralure —GajATT^, Hiitory of Louiiiana; ilonette, Jliitort/ o/ l/ie Valley oj
llu itiitiisippl. New Vork. 184S; Clulboinc. Mississippi as a ProviMc. Terntory,
and Sialf, Jackson, 1880; Walles. Agriculture and Geology of ifississippi, Jackson,
13i4; HHirard, Agrieultun and Geology o/ Sfissltsippi, Jackson, 18S0; Smith'
Oulline 0/ I fie Geology of Alabama, Jlonigomery, 1880; Wall, Handbook of Mis-
ttttippi, Jackson, 1882. /^^ B_ F \

MISSOLONGHI, or Mesoloxohi (Me<ro\oyyiov), a city
of Greece, the chief town of the nomarchy of Acarnania
and .iEtolia, situated on the north side of the Gulf of
Patras, about 7 miles from the coast, in the midst of a
shallow lagoon, \\-ith a population of 6324 in 1879, is

notable for the siege of two months which Mavrocordatos
with a handful of men sustained in 1821 against a Turkish
army 11,000 strong, and for the more famous defence of
1825-26 (see vol. xi. p. 125). Byron died there in 1824,
and is commemorated by a cenotaph.
MISSOURI, a Central State of the American Union,

lying almost midway between the Atlantic and the Rocky
Mountains, British America and the Gulf of Me.\ico. Its
eastern boundary is the Mississippi, separating it from
Illinois, Kentucky, and Tennessee. North and south its
boundaries with Iowa and Arkansas respectively are
mainly coincident with the parallels of 40° 30' and 36° 30'

N. lat.; but a small peninsula between the Mississippi
and St Francois rivers stretches 34 miles farther south
between Arkansas and Tennessee. The western border,
with Nebraska, Kansas, and the Indian Territory, is
nearly coincident with the course of the Missouri to the
junction of that stream with the Kansas, and then follows
the meridian of 17° 40' W. of Washington (94° 43' W
of Greenwich). The area of the State is 65,350 square
miles, the extreme length from north to south 282 miles,
the extreme width 348 miles. Missouri is divided into

a northern and southern portion by the Missouri river,

flowing 400 miles in a generally easterly direction from

its junction \\'ith the Kansas to the point 12 miles above

St Louis where it unites with the Mississippi. Northern

Missouri has a surface broken and hilly, but not moun-
tainous. It is mainly prairie land, well watered by streams,'

and fit for agriculture ; but there is a good deal of timber

in the eastern parts, especially along the bold bluffs of the

two great rivers. Southern Missouri is almost equally

divided between timber land in the east and prairie in

the west. In its south-western portion rises the table-land

of the Ozark hills (highest point 1600 feet above the sea).

The Osage, the Gasconade, and other streams flow north-

ward and eastward into the Missouri. The south-eastern

lowlands form an undulating country, readily drained after

rain, with fertile ridges generally running north and south,

occasional abrupt isolated hills, forests of oak, hickory,

elm, maple, ash, locust, willow, persimmon, pecan, chestnut,

and cherry trees, and in the lowest parts swamps and
morasses. High rocky blufi's extend along the banks of

the Mississippi from the mouth of the Meramec river to

Sto Genevieve, rising sometimes precipitously to the

height of 350 feet above the water, and low bottom lands

wilji many lakes and lagoons extend from Ste Genevieve

to the Arkansas border. The south-east corner of the

State is 275 feet above the sea, the north-east corner 445
feet, and the north-west corner 1000 feet

Climate.—The climate of ^Missouri, lying as it does far

from the ocean and unprotected by mountain ranges, is

one of extremes in heat and cold, moisture and drought.

The Ozark range is high enough to influence the climate

locally, but not to aflfect that of the whole State. The
mean summer temperature for the ten years 1870-80
ranged from 75° in the north-west of the State to 78°'5 in

the south-east ; but the thermometer has been known to rise

to 104°. The winter temperature averaged 33°"87 for

the whole State, varying from 28°'5 in the north-west to

39°"5 in the south-east. In some winters the temperature
hardly falls to zero ; in others 20° below zero have been
registered. The Mississippi at St Louis freezes over once
in four or five years ; but this is partly caused by the

accumulations of floating ice coining down from the north.

The river has closed as early as the first week in December,
and, again, has remained open until the last week in

February. It is in cold seasons sometimes passable for

the heaviest teams. The Missouri river is often closed

during the whole winter. The mean annual temperature
of the State varies from 53° to 58°. The climate is, on
the whole, dry ; for, in spite of the abundant rains, especi-

ally in the spring, evaporation is so rapid that tlie atmo-
sphere is rarely overloaded with moisture. April is the
driest month. The greatest amount of rain falls in the
south-eastern part of the State An unusual amount of

fair weather, prevailing clearness of sky, general salubrity

of soil and climate, are chief among the natural advantages
of this great State.

ffeo/oyy.—The stratified rocks of Missouri belong to the
following divisions :—Quaternary, Tertiary, Carboniferous,
Devonian, Silurian, and Archaean. The Quaternary system
comprises the drift, 155 feet thick ; the bluff, 200 feet above
the drift; then the bottom prairie, 35 feet thick; and on
the surface the alluvium, 30 feet in thickness. Clays with
strata of sands, marls, and humus form the alluvial bottoms
of the two great rivers of the State, and make up a soil deeii,

light, and incomparably rich. Beneath the alluvium is found
the bottom prairie, made up also of sands, clays, and vege-
table moulds. This formation is found only in the bottom
lands of the Missouri and Mississippi rivers, and more
abundantly in those of the former. Numerous and well-

preserved organic remains are found in the bottom prairie.
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including the shells found in great quantities in the bluif

and remains of the mastodon -and many trees and plants^

Below thii formation, resting upon the drift, is the bluff.

This tests upon the ridges and river bluffs, and thus is

topographically higher, although geologically lower, than

the bottom prairie. It is composed chiefly of a grey

siliceous marl, coloured sometimes to a deep brown or red

by the stains of oxide of iron. This formation extends

along the bluffs of the Missouri from Fort Union to its

mouth, and is found cappLug those of the Mississippi from

Dubuque to the mouth of the Ohio. It is sometimes 200
feet thick; at St Joseph it is 140, at Booneville 100, at

St Louis 50, in Marion county only 30 feet. This forma-

tion has interesting fossils {Elephas primigenius, &c.). The
drift, the lowest of the Quaternary system, appears in the

altered drift, the boulder formation, made up largely of the

igneous and metamorphic rocks, with rocks from the Palaeozoic

strata upon which the others rest. Large boulders, five or

six feet in diameter, are found, usually of granite or meta-

morphic sandstone ; no fossils except a few logs in the altered

drift have been found in this formation. The Tertiary

formation in Missouri is composed of clays, shales, iron

ores, sandstone, and sand, and extends along the blufis and
bottoms of the south-east part of the State. Iron ore is

found in this formation in great abundance ; sand of the

best quality for glass-making and clays for pottery and
stoneware ..Iso abound. Below the Tertiary bed are found

rocks which strongly resemble Cretaceous beds found in

other places in the United States. These strata are in such

a state of irregularity and disturbance as to indicate the

occurrence of some great movements after their deposition

and before the formation of the Tertiary strata. The Upper
Carboniferous system, or coal measures, made up of sand-

stone, limestone, marl, coal, and iron ores, covers an area

of niore than 23,000 square miles in Missouri, occupying

the western and northern portions of the State. The supply

of bituminous and cannel coals found here would seem to

be well-nigh inexhaustible. In the Lower Carboniferous

rock are found many varieties of limestone and sandstone.

Among these are the Upper Archimedes Limestone, 200

feet; Ferruginous Sandstone, 195 feet ; Middle Archimedes

Limestone, 50 feet ; St Louis Limestone, 250 feet. The
Devonian system is represented by limestone in Marion,

Ralls, Pike, Callaway, Saline, and Ste Genevieve counties,

among which occur the Chouteau Limestone, 85 feet

;

Lithographic Limestone, 125 feet; Onondaga Limestone,

100 feet. Of the Upper Silurian series are the following

formations:—Lower Helderberg, 350 feet; Niagara Group,,

200 feet.; Cape Girardeau Limestone, 60 feet. Prominent

among the Lower Silurian formations are the Trenton

Limestone, 360 feet; the Black River and Bird's Eye
Limestone ; and the Magnesian series. The last-named

series is valuable both in a scientific and an economic sense.

It covers much of the southern and south-eiistern portions

of the State, and in it are fijund vast deposits of lead,

zinc, copper, cobalt, iron ores, and marble. The Archaean

rocks occur below the Silurian deposits, and contain siliceous

And other slates in which no fossils are found. The porphyry

rocia of thi^ formation also contain iron ores.

Cxi/.-r-The exposed coal in Missouri includes uppei-, middle, and

jswe' measures. In the first are about -1 feet of coal, and the area

•f <;fpo!ure is about 8400 square miles. The middle coal measures

noncain about 7 feet of coal, and cover an exposed area vf about

wOO square miles. The lower measures hive five workable seams,

.-rying from' 18 inches in thickness to ilj feet, and aJ«o some thin

•?>ixns of only a few inches. In 1880 556, SOt bushels of bitu-

'^•nous coal wfre raised in tbirtv-five counties of Missouri, the

*iJue at the pit mouth being $1,060,225. $642,772 were paid in

w -es to 2599 persons. The Missouri coal mines are easily worked.

Jron.—The iron ores are red hematite, red oxide, specular iron,

ifown haematite or Umonite, and clay ironstone. Manganiferous and

siliceous spefiular ores occur in the porphyries of the Arch^an rocks,

and in the granites. The greatest exposure of specular iron yet dis-

covered is Iron Mountain, the pui ts. uais or tody of iron ore known.
Analysis shows it to contain from 65 to 69 per cent, of metallic iron.

The ore of Shepherd Mountain is not so rich as that of Iron Moun-
tain, but is uniform in character, free from sulphur and phosphoric

acid and on the whole superior to any other yet developed in Missouri.

Pilot Xnob ofe gives 53 to 60 per cent, metallic iron, and has feiff

deleterious substances. It is fine-grained, light bluish grey in

colour. The ore of the Scotia iron banks and Iron Ridge are much
alike in appearance and character, being specular boulders imbedded
in soft red hematite. In some of these boulders are cavities in

which the ore has taken botr)-oidal form, and upon these peroxide ol

iron crystallisations are so formed that a gorgeous show of prismatio

colours is presented. The above are the chief deposits of iron ores,

but limonites are found mostly in the southern parts of the State.

The counties of Ste Genevieve, Madison, St Francois, Cape Girar-

deau, BoUinger, AVayne, Stoddard, JWashington, Keynolus, Shan-
non. Carter, and Ripley have the grcatust exposures of these ores,

although they are found in many others. The supply of iron ores

is, indeed, practically inexhaustible.

Lead.—Second only to iron among the metals of Missouri is the

vast deposit of lead found in the southern parts of the State. The
great disseminated lead region occupies about one-half of the north'

em portion of Madison, and about as much of St Franfois county.

It is in the magnesian limestone that the largest quantities have
been found. In Franklin county galena is found in abundance in

ferruginous clay and coarse graveL In the great mammoth mine
in Washington county is a succession of caves in which millions oi

pounds of lead were found adhering to tho sides and roofs. The
central lead district of the State comprises the counties of Cole,

Cooper, Moniteau, Morgan, Miller, Benton, Maries, Camden, and
Osage ; the southern lead region the counties of Pulaski, Laclede,

Texas, Wright, Webster, Doi;glass, Ozark, and Christian. The
western lead district includes the counties of Hickory, Dallas, Polk,

St Clair, Cedar, and Dade ; the south-western the counties ol

Jasper, Newton, Lawrence, Stone, Barry, and M 'Donald. The
two counties Jasper and Newton produce fully one-half of the pig

lead of Missouri. The lead mines of Granby are among the best-

known in the Stqte, and millions of pounds of lead have been taken

from these lands.

Copper deposits have been lound in several counties, chiefly in

the south-western part of the State. Zinc is found, in the shape of

sulphuret and also silicate of zinc, in nearly all the lead mines in

south-western Missouri. It has often occurred in such masses as

seriously to hinder mining operations, and until very recent years,

when railroad facilities have given this ore a market, it was thrown
aside as wortliless. It ic now an important and profitable adjunct

of the lead mines cf Missouri. Cobalt and nickel are found at Mine
La Motte tad in a few other places. . Silver is found in small quan-
tities in lead mines in Madison county, combined with the lead.

Clays for the manufacture of ordinary brick for building purposes

and for fire-brick exist in quantities beyond computation, and
kaolin has been found in a few places. Marble of various shades

and qualiries abounds in Missouri, and is an important item in its

mineral wealth. Limestones and sandstones suitable for building

purposes are found in many parts of the State.

Agriculture.—Indian com, wheat, oats, and tobacco are the staple

products ; but cotton, hemp, and flax are also raised to some extent

in the southern counties. The average yield of wheat to the acre

is 30 bushels, and that return is often far exceeded. No fiour is

of a higher quality or more in demand in foreign as well as home
markets than that made from Missouri wheat. Indian corn is

especially used in fattening live stock. Blue grass, timothy, red-top,

and red and white clover gi'ow luxuriantly, and favour stock-raising.

In some parts of the State pasturage can be had all the year round,

and the cheapness of com makes the raising of pork, in particular,

a very profitable business. All varieties of fruit can be very suc-

cessfully cultivated. The more tender fruits, such as apricots, nec-

tarines, figs, and many choice kinds of^apes, grow here as well as

the more northern fruits—the apple, the pear, tho plum, and the

cherry. Apples and peaches do well in all parts of the State. Six

native varieties of grapes are found in luxuriant growth, and many
cultivated varieties have been successfully introduced. No State,

not even California, can hope ultimately to rival Missouri in the

production of both red and white wines. Sheep-raising has proved

remunerative in the southern counties chiefly, where the mild cli-

mate, the fine grasses, and the abundance of good water are especially

favourable to this branch of agricultural industry. There are in

Missouri, in round numbers, 10,000,000 acres of improved and

13,000,000 of unimproved land, including 9,000,000 acres of wood-

land. The cash value of the farms is estimated at $90,000,000.

In 1880 there were on the farms in the State 667,776 horses,

192,027 mnl?s and asses, 9020 oxen, 661,405 cows, 1,410,507 other

cattle, 1,411,298 sheep, and 4,653,123 swine. Missouri is the fourth

maize-producing State of tho Union ; it supplies more wine than

any State except California, and is a rival of Kentucky, Virginia,

Tennessee, and Maryland in tho twlture of tobacco, which is a
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staplo in the rich counties in the northern central part of the

State, bordering upon the Missouri river. No State raises so

many mulea, aiis<'s, and hogs. Tlie production of cereals in 1880

was—corn, 202,431.723 bushels : wheat, 24,966,627 bushels ; rye,

635,426 bushels ; oats, 20,670,958 bi'shcls ; barley, 123,031 bushels;

buckwheat, 67,640 bushels. The production of tobacco for the same

year was 12,015,657 lb fi-om 15,521 acres, Taluod at $600,256.

Three.fourths of this amount was raised in Chariton, Marion,

Randolph, Howard, Callaway, and Saline counties.

TFtld Animals.—Rcd-dcer am found in every prt of the State,

especially in the thinly-settled and mountainous districts. Venison,

indeed in its season, is as cheap as good beef in the markets of St

Louis. Wild turkeys are numerous in the swampy and mountainous

districts, and are found in all parts of the State. Prairie chickens,

or pinnated grouse, are found in the prairie portion of Missouri, and
kre shipped in great numbers to Eastern markets. In all parts of

Missouri are found the quail or Virginia partridge, thousands of

barrels of which are shipped from the State each season. The
rabbit, a epecic." of hare, is so common as to be considered a pest.

The grey squirrel and the red fox-squirrel are also found in large

numbers all over the State. Black bass, perch, catfish, buffalo

fish, suckers, and pike are the leading varieties of native fish.

ifanu/iutures.—In 1880 Missouri had about 20,000 manufactur-

ing establishments, in which a capital of about $125,000,000 was

employed. The products of these establishments were valued at

upwards of $300,000,000. The leading manufacturing counties

outside of the city of St Louis are Jackson, Buchanan, St Charles,

Marioq, Franklin, Greene, Cape Girardeau, Platte, Boone, and
Lafay^te ; but more than three-fourths of the manufactures are

produced at St Louis, which is the fourth manufacturing city of

the Unioi^. The chief manufacture is that of flour, which employs

about 900 mills, and is rapidly increasing. Twenty-four mills made
in St Louis, in 1880, 2,142,949 barrels of flour, having a daily out-

put of more than 11,000 barrels, St Louis millers and dealers

eent in 1880 to Europe and South America 619,103 barrels of flour ;

and at the world's fairs at Paris, Vienna, and Philadelphia, Missouri

flour received the first award. The iron industry, which stands second

in importance, is yet ordy in its infancy, and St Louis seems destined

to be one of the great centres of iron and steel manufacture. The
amount of iron made in Missouri in 1880, in twenty-two establish-

ments employing 3139 hands, was 125,758 tons. St Louis made the

same year 102,664 tons of pig-iron, steel, and rolled iron and blooms.

The yearly values of a number of other industries are estimated as

follows :—meat packing, $20,000,000; lumber, $10,000,000; bags

and bagging, $7,000,000; saddlery, $7,000,000; oil, $6,000,000;
printing and publishing, $5,609,000; furniture, $5,000,000; car-

riages and waggons, $4,500,000; marble and stone, $4,000,000;
tin, copper, and sheet-iron, $4,000,000; agricultural implements,

$2,000,000. The manufacture of glass and glass-ware is carried on
to a considerable extent, especially in St Louis. At Crystal City,

on the Mississippi, 30 miles below St Louis, is a very large

deposit of sand suitable for the manufacture of plate-glass, and a

company has been organized and is now in successful operation.

with a capital of $1,000,000.
Commerce.—The extensive commerce of Missouri centres at St

Louis, between which city and the ports on the Mississippi and'
Missouri rivers stcamboata. are constantly plying. Railroad trans-

portation has, in recent years, fumishea superior and cheaper
lacilities for much of the trade which formerly depended upon the

rivers. The trade in cotton especially has been greatly increased

in Missouri since 1870 by the use of railroad transportation, which
has made St Louis one of the great cotton centres of the United
States. Extensive cotton presses were built in St Louis in that

year, and the receipts of cotton from the more southern States has
increased rapidly—from 12,264 bales in 1869-70 to 457,563 bales in

1879-80. Railroad connexions have made the interior portions

of Arkansas and Texas more accessible to St Louis than to the

southern ports of shipment, and the trade with the south-west,

with the Indians, and with Mexico is constantly increasing. In 1870
6t Louis was made by Act of Congress a port of entry to which
foreign merchandise could be broiight in bond. "^Tho value of the
direct imports for the year ending 30th Juno 1382 was $1,934,342.

PopiUation.—Missouri is divided into 1 1 4 counties. The following

table gives the number of inhabitants since 1850 :

—

Tear.
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1803. In 1804 Congress divided the territory into two portions.
The northern part, commonly called Upper Louisiana, was taken
possession of in March 1804. In June 1812 Missouri was organ-
ized as a Territory, with a governor and general assembly. The
first governor (1813-1S20) was William Clarke. In 1818
Missouri applied for admission to the Union as a State. Two
years of bitter controversy followed, which convulsed the country
ami threatened the dissolution of the Union. This controversy
followed a resolution introduced into Congress which had in view
an anti-slavery restriction upon the admission of Missouri to the
Union. This was at last settled by the adoption of the "Missouri
compromise," which forbade slavery in all that portion of the Louisi-

ana purchase lying north of 36° 30' except in Missouri, and on
19th July 1820 Missouri was admitted to the Union. A conven-
tion to frame a constitution had already been called, and the
constitution then adopted remained without material change until

1865 The first general assembly under the constitution met in

St Louis in September 1820, and Alexander M'Nair was chosen
governor in August. The seat of government was fixed at St
Charles in 1820, and removed to Jefferson City, the present State

capital, in 1826. The first census of the State was taken in 1821,
when the number of inhabitants was found to be 70,647, of whom
11,254 were slaves. In the Black Hawk war in 1832, the Florida

war in 1837, and the Mexican war in 1846 Missouri volunteer

troops did their share of the work. In the troubles in Kansas, and
the bitter discussion upon the question of slavery, Missouri was
deeply involved K strong feeling in favour of secession showed
itself in many parts of the State. Governor Jackson, in his

inaugural address on the 4th of January 1861, said that Missouri
must stand by the slaveholding States, whatever might be their

course. The election of a majority of Union men, however, as

delegates to a convention called to consider the affairs of the

nation, showed that public sentiment was hostile to secession, and
the convention adjourned without committing the State to the

secession party. United States troops were soon gathered at St

Louis, and forces were also sent to Jefferson City, and to RoUa.
Governor Jackson fled from the capital, and summoned all the

State troops to meet him at Booneville. General Lyon defeated

these troops, 17th June 1861, and soon most of the State was
under the control of the United States forces. The State conven-

tion was reassembled. Phis body declared vacant the offices of

governor, lieutenant-governor, and secretary of state, and filled

them by appointment. The seats of the members of the legislature

were also declared vacant. Governor Jackson soon issued a pro-

clamation declaring the State out of the Union, and Confederate

forces wefe assembled in large numbers in the south-western part

of the State. General Lyon was killed at the battle of Wilspn'a

Creek near Springfield, and General Fremont, commanding the

department of^the west, dec/eed martial law throughout the State.

For a year matters were favourable to the Confederates, and at the

opening of 1862 their troops held nearly half the State ; but in

fobruary a Federal force under General Curtis drove General Price

into Arkansas. He returned in 1864, and overran a large part of

the State, but was finally forced to retreat, and but little further

trouble arose in Missouri during the war. Missouri furnished to

the United States army during the war 108,773 troops. In 1865

a new constitution was adopted by the people. In 1869 the XV.
Amendment to the United States constitution was adopted by a large

majority. In 1875 still another State constitution was drawn up

by a convention called for that purpose, and ratified by the people,

and is now the fundamental law of the State. (M. S. S.)

MISTLETOE ^ (Viscum album, L.), a species of Viscum,

of the family Loranthacex. The whole genus is parasitica],

and seventy-six species have been described ; but only the

mistletoe proper is a native of Europe. It forms an ever-

green bush, about 4 feet in leyigth, thickly crowded with

(falsely) dichotomous branches and opposite leaves. The

leaves are about 2 inches long, obovate-lanceolate, yellowish

green ; the dioecious flowers, which are small and nearly

of the same colour but yellower, appear in February and

March • the fruit, which when ripe is' filled with a viscous

semitransparent pulp (whence birdlime is derived), is

almost always white, but there is said to be a variety with

red fruit. The mistletoe is parasitic both on deciduous and

evergreen trees and shrubs, and " it would be difficult to

' Greek i|/a or I'Jifr, hence Latin viscum, Italian vischio or visco,

and French gut. The English word is the Anglo-Saxon mistcUan,

Icelandic misleUeinn, in which tan or ieinn means a twig, and mUlel

may be associated either with mist in the sense of fog, gloom, because

of the prominence of mistletoe in the dark season of the year, or with

the same root in the sense' of dung (*om the character of the berries

or the supposed mode of propagation).

say on what dicotyledonous trees it does not grow"
(Loudon). In England it is most abundant on the appl?

tree, but rarely found on the oak. The fruit is eaten bj

most frugivorous birds, and through their agency; particu-

larly that of the thrush (hence missel-thrush or mistle-

thrush), the plant is propagated. (The Latin proverb has
it that "Turdus malum sibicacat"; but the sowing is

really effected by the bird wiping its beak, to which the

seeds adhere, against the bark of the tree on which it has
alighted.) The growth of the plant is slow, and its dura-

bility proportionately great, its death being determined

generally by that of the tree on which it has established

itself. See Loudon, Arboretum et Fruticetum Britannicum,

vol. ii. p. 1021 (1838). The mistletoe so extensively used

in England at Christmas tide is largely derived from the

apple orchards of Normandy.
Pliny (H. N., xvi. 92-95 ; xxiv. 6) has a good deal to tell about

the viscum, a deadly parasite, though slower in its action than ivy.

He distinguishes three "genera." "On the fir and larch grows
what is called stelis in Euboea and hyphear in Arcadia. " Visc:im,

called dryos hyphear, is most plentiful on the esculent oak
(quercus), but occurs also on the robur, Prumis sylvestris, and
terebinth. Hyphear is useful for fattening cattle if they are hardy
enough to withstand the purgative effect it produces at first

;

viscum is medicinally of value as an emollient, and in cases of

tumour, ulcers, and the like ; and he also ^otes it "conceptum
fceminarum adjuvare si omnino .';ecum habeant." Pliny is also our

authority for the reverence in which the mistletoe when found
growing on the robur was held by the Druids. The robur, he says,

is their sacred tree, and whatever is found growing upon it they

regard as sent from heaven and as the mark of a tree chosen by
God Such cases of parasitism are rare, and when they occur

attract much attention (est autem id rarum admodum inventu et

repertum magna religione petitur), particularly on the sixth (day

of the) moon, with which their months and years and, after the

lapse of thirty years, their "ages " begin. Calling it in their own
language "all heal" (omnia sanantem), after their sacrifices and
banquets have been duly prepared under the tree, they bring near

two white bulls whose horns are then for the first time bound.

The priest clcthed with a white robe ascends the tree, cuts [the

mistletoe] with a golden hook; it is caught in a white mantle.

They then slay the victims, praying God to prosper His gift to them

unto whom He has given it. Prepared as a draught, it is used as a

cure for sterility and a remedy for poisons. The mistletoe figures

also in Scandinavian legend as having furnished the material of

the arrow with which Baldur (the sun-god) was slain , by the blind

god Hbder. Most probably this story had its origin in a particular

theory as to the meaning of the word mistletoe.

MITAU (the Lettish Jelgava), a town of Kussia, capital

of the government of Courland, It is situated 27 miles

by rail to the south-west of Riga, on the right bank of the

river Aa, in a fertile plain which rises only 12 feet above

sea-level, and which probably has given its name to the town

(Mitte in der Aue). At high water the plain and sometimes

also the town are inundated. Mitau is surrounded by a

canal occupying the place of former fortifications. Another

canal was dug through the town to provide it with wofer;

but this now receives the sewage, and water is brought in

cars from a distance of 3 miles. Though so near Riga,

Mitau has quite a different character. It has regular

broad streets, bordered with the low pretty mansions of

the German nobility who reside at the capital of Courland

either to enjoy the social amusements for which Mitau is

renowned or to provide education to their children. Mitau

is well provided with educational institutions. A gym-

nasium occupies a former palace of the dukes of Courland,

and has a rich library; and there are about forty other

schools. The town is also the seat of a society of art and

literature, of a natural history society, which has a good

local museum, and of the Lettish Literary Socie+.y. The old

castle of the dukes of Courland, which has witnessed so

many conflicts, was destroyed by the Duke Biron, who

erected in its place a spacious palace, now occupied by the

governor and the courts. Mitau has 22,200 inhabitants,

mainly Germans, but including also Jews (about 6000),

Letts (5000), and Russians. Manufactures are few, those
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of wTouglit-iron ware and of white-lead being the most im-

portant. The river Aa brings Mitau in connexion with the

trade of Riga, small vessels carrying goods to the amount

of about £150,000 a year.

llitau is supposed to have been founded in 1266 hy the grand-

Blaster Conrad MaaJern. It has often changed its rulers. In

1345, when it was plundered by Lithuanians, it was already an

Important town. In 1561 it became the residence of the dukes of

Oourland. During the 17th century it was thrice taken by the

Swedes. Russia auncxed it with Courland in 1795. At the be-

^ning of this century it was the residence of the count of

Provence (afterwards Louis XYIIL). In 1812 it was taken by

Napoleon I.

IIITCHEL, Ormsby M'Knight (1810-1862), American

general and writer on astronomy, was born in Union county,

Kentucky, August 28, 1810. He began life as a clerk,

but, obtaining an appointment to a cadetship at West Point

in 1825, he graduated there in 1829, and became assistant

professor of mathematics in 1831. Subsequently he was

called to the bar, but forsook law to become professor of

mathematics and natural philosophy at Cincinnati college.

There he established an observatory, of which he became

director. From 1859 to 186Khe was director of the

Dudley observatory at Albany. He took part in the war

«s brigadier-general of volunteers, and for his skill and

rapidity in seizing certain important strategic points was

on April 11, 1862, made major-general. He died of yellow

fever at Beaufort, South Carolina, October 30, 1862.

Besides making important improvements on several astrono-

mical instruments, Mitchel was the author of several works

on astronomy, the principal of which are The Planetary

and Stellar Worlds (1848) and The Orbs of Heaven (1851).

See Memoir by Headley (1865).

MITCHELL, SiE Thomas Livingstone (1792-1855),
Australian explorer, was a son of Mitchell of Craigend,

Stirlingshire, where he was born, June 16, 1792. From
1808 to the end of the Peninsular War he served in

Wellington's army, and for his services received the medal
and five clasps, and was raised to the rank of major. He
was appointed to survey the battlefields of the Peninsula,

and his map of the Lower Pyrenees is still admired. In

1827 he was appointed deputy surveyor-general, and after-

wards surveyor-general, of New South Wales. He devoted

himself to the exploration of Australia, making four

Expeditions for that purpose between 1831 and 1846.

During these expeditions he discovered the Peel, the

Namoi, the Gwyder, and other rivers, traced the course

of the Darling and Glenelg, and . was the first to pene-

trate into that portion of the country which he na...ed

Australia Felix. His last expedition was mainly devot d
to the discovery of a' route between Sydney and the' Guii

of Carpentaria, and during the journey he explored the

Fitzroy Downs, and discovered the Balonne, Victoria,

Warrego, and other streams. In 1838, whUe in England,
Mitchell published the narrative of his first three journeys,

Three Expeditions into tlie Interior of East Australia (2

vols.). In 1839 he was knighted and made a D.C.L. of

Oxford. During this visit he took with him some of the

first specimens of gold and the first diamond found in the
country. In 1848 the narrative of his second expedition

was published in London, Journal of an Expedition into

the Interior of Tropical Australia. In 1851 he was sent

to report on the Bathurst gold-fields, and in 1853 he again

visited England and patented his boomerang propeller for

steamers. He died at his residence at Darling Point,

Sydney, October 5, 1855.

Besides the above works, Mitchell wroto a book on Geographical
and Military Surveying (1827), an Australian Oeography, and a
translation of the Lusiad of Camoens.

MITE. Mites (/I carina) are minute creatures which
iorm a large division of the Arachnida, distinguished by

the absence of any constriction between the cephalothorax

and abdomen. Linnajus included all in the single genua

A cams. They are now divided into several families (mostly

containing numerotis genera),

viz., Trombidiidai (harvest
,

mites), usually scarlet specks

seen running on stones, grass,

&c., in hot weather; Tetra-

nychi, which, although not

bright red, are the red spider

of our green-houses, and are

distinguished by feet with

knobbed hairs ; Bdellids,

long-snouted mites with an-

tenniform palpi; Cheyletidse

(fig. 1), the so-called book

mites,--ferocious, predatory
^._cheyUt^^ flaUUifer.

little beings, quite uncon-

nected with books ; Hydrachnidx, freshwater mites with

swimming legs, mostly beautiful creatures of brilliant

colours; Limnocaridx, crawling freshwater or 'mud mites;

Halicarids, chiefly marine ;
Gamasids, hard-skinned brown

mites often parasitic on insects, and best known by the

females, and young of both sexes, found on the common

dung beetle (Geotrvpes stercorarius) ; Ixodidai, the true

ticks, not to be confounded with the sheep-tick, &e., which

Flo. 2.

—

Leiosoma palmicinctum ; nymph,

are wingless flies ; Oribatidse, beetle mites, so called froii<

their resemblance to minute beetles (these are never

parasitic; they undergo transformations almost as strange

as those of insects, many of the immature forms being

quaint and beautiful, see fig. 2); Myohiadee, bizarre para-

sites of the mouse, &c., with peculiar holding claws

;

Tyroglyphidm, the cheese mites ; A7uilgid-se, found on the

feathers of birds ; Sarcoptidx, the itch mites ; A rctisconidse,

the water bears ; Demodicidx, found in the sebaceous

follicles of the human nose, &c. ; and Phytoptids, the gall

mites, which attack the leaves of plants, making tiny gall-

like excrescences.

The sexes are distinct individuals; the reproduction is

oviparous; the larva is alniost always hexapod, though the

later stages have eight legs ; that answering to the pupa of

insects is active, and is called the nymph. The breathing

in the first-named eleven families is tracheal, the position of

the stigmata varying greatly; in the last-named six families

it is by the general body surface. No heart or circulation of

the blood is known to exist; the alimentary canal is usually

somewhat on the insect type, but with ceecal prolongations

to the stomach, the reproductive organs often more on the

crustacean type. There is generally a single very large

nerve-ganglion above the cesophagus, sending nerve-branches
to the various parts. The legs have ordinarily five to
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seven joints, rarely three; the feet are usually terminated

by claws or suckers, or both, sometimes by bristles. The
mandibles are generally large, oftenest chelate (like a

lobster's claw), sometimes style-like piercing organs, and

of other forms. The maxilte vary much : they may be

piercing or crushing organs, or may coalesce to form a

maxillary lip; there is usually one pair of ma.xillary palpi,

no others. Sometimes there is a lingua, and in the

Camasidx a galea. Antenna; are not found.

Mites are distributed all over the known world. They

have been found in Franz-Josef's Land and Spitzbergen

and in the hottest tropical regions, as well as the temperate

zones. Often very similar species come from all parts.

They are numerous in amber of the Tertiary epoch.

The best-known species are probably those which injure

man or his works, viz., the itch mite, the cheese mite, the

ao-called harvest-bug, and the red spider. The dog-tick

is also well known.

The itch mite {Sarcoptes scahiei, fig. 3) is a minute, almost

circular, flattened, colourless creature, with skin covered

with wavy wrinkles, and a number of triangular points

arising from that of the back ; legs short, the two front

pairs and the fourth pair in the male terminated by suckers

on long stalks, the two hind

pairs in the female and third

pair in the male having long

bristles instead. It is parasitic

on hTiman beings: the males

and young remain chiefly on

the surface of the skin, but

are difficult to find ; the female

burrows under the scarf-skin,

causing the intense itching

of scabies by the action of

her chelate mandibles as she

«ats her way. A small

watery pustule is raised near

where the acarus has entered

the skin, and others arise

;

the creature is not found in

the pustule, but at the further

end of a short tunnel which may be half an inch long. The
eggs are laid in the tunnel after the acarus has passed

;

they hatch and multiply rapidly.. The disease can be

certainly cured ; the usual mode is to rub the whole body

with sulphur ointment, which is best done after a warm
bath, allow it to remain on all night, and wash off in the

morning. This treatment should be repeated once or twice

at intervals of a day or two. Other applications of sulphur,

as sulphurous acid, sulphur vapour baths, ikc, are efficacious.

All clothes which have touched the skin must be disinfected

by heat. The disease is highly contagious. Most mammals
have their peculiar varieties of itch mite.

The cheese mite {Tyrorjlypktis siro) is an elliptical, fat-

bodied, colourless acarus with smooth skin and very long

hairs. It breeds in thousands in old cheese, flour, grain, &c.,

and does much damage. There are numerous allied species;

some belonging to the genus Gbjciphagus are elegantly

ornamented with plumes or leaf-like hairs.

The red-spider {Tetranychus telaiius) attacks the leaves

of plants or trees, and is a great pest in green-houses. It

spins a slight web on the surface of the leaves, and lives in

companies on the web ; it is of a rusty red or broivn.

The harvest bugs, thought' by some writers to be a

species, and by them called Lepius autumnalis, are simply the

larviB of several species of Trombidiuni. They are predatory,

but will attach themselves temporarily to the human skin,

and produce the violent itching felt on the lower parts of

the legs after walking through dry grass in autumn. On
inspection with a glass the creature may be seen as a

Fio. 3.—The Itch Mite [Sarcoptes

scabiei) ; female. After Meguin.

minute scarlet poirit. A drop of benzine will probably get

rid of the intruder.

The dog tick, like the harvest-bug, is not really parasitic

on mammals, though it attaches itself temporarily; its

ordinary food may probably be vegetable. (a. d. m.)

MITFORD, Mary Russell (1786-1855), born at Aires-

ford, Hampshire, on the IGth of December 1786, retains

an honourable place in English literature as the authoress

of Our Village^ a series of sketches of village scenes and
characters unsurpassed in their kind, and after half a
century of imitations as fresh as if they had been written

yesterday. Washington Irving was Miss Mitford's literary

model, but her work is thoroughly original and spontaneous,

the free outflow of a singularly charming character. The
shortest account of her life would be incomplete without a
reference to the scapegrace father who was the centre of

her affections, and the " only begetter " of all that is most
delightful and characteristic in her writing. Dr Jlitford

first spent his wife's fortune in a few years; then he spent

also in a few years the greater part of £20,000 which his

daughter drew (in 1797, at the age of ten) as a prize in a
lottery ; then he lived, for most years of his life, on a

small remnant of his fortune and the proceeds of his

daughter's literary industry. In the little village of Three
Mile Cross, near Reading, in a small cottage which Miss
Mitford says was "a fine lesson in condensation," the

doctor was the stay, support, and admiratioa of all the

loafers in the neighbourhood, while his daughter, who had
called herself his mamma, and treated him as her little boy
from the time when she was herself a little girl, found aa
unfailing charm in his " friskings," and was the loving

slave of all his good-humoured exactions. The father kept

fresh in his daughter the keen deUght in incongruities,

the lively sympathy with self-willed vigorous individuality,

and the womanly tolerance of its excess which inspire so

many of her sketches of character. The woman who lived

in close attendance on such an "awful dad," refused all

holiday invitations because he could not live without her,

and worked incessantly for him, except when she broke off

her work to read him the sporting, newspapers, evidently

wrote from the heart in her bright portraits of such

characters as the Talking Lady, the Talking Gentleman,

Joel Brent, Jack Rapley, Tom Cordery, Lizzy, Lucy, and
Harriet. Her writing has all the charm of perfectly

unaffected spontaneous humour, combined with quick wit

and exquisite literary skill. She died January 10, 1855.

Miss Mitford's yovithful ambition was to be " the greatest English
poetess," and her first publications were poems in the manner of

Coleridge and Scott {Miscellaneous Verses, 1810, of sufficient mark
to be reviewed by Scott in the Quarterly ; Christine, a metrical tale,

1811 ; Blanche, 1813). Later on she essayed n-riting plays (Julinn,

1823; The Foscari, 1S26 ; Dramatic Scenes, 1827; £icn:i, 1828-

;

Charles tlie First, 1828). But the prose to which she was driven by
domestic necessities has rarer qualities than her verse. The first

series of Our Village sketches appeared in 1824, a second in 1826,

a third in 1828, a fourth in 1830, a fifth in 1832, and Bclford Regis,

a novel in which the neighbourhood and society of Reading were
idealized, in 1835. Her Recollections of a Literary Life (1853) is

a series of causeries about her favourite books. Five volumes of her

Life and Letters were published in 1870 and 1872, showing her to

have been a delightful letter-^writ ?r ; two volumes of letters to her

appeared in 1882.

MITHKADATES, or, as it is often wrongly spelt,

MiTHRiDATES (i.e., "given by the god Mithras"), was a

favourite name of the Pontic kings in the third and second

centuries B.C., and was also common in Persia and the

neighbouring countries. The dynasty of Pontus was a

Persian family, claiming descent from the Achsemenidas,

and the earliest of them kno^wn in history was satrap

under the Persian empire. When that empire was destroyed

Mithradates II. made himself king of Pontus; and he and
his successors gradually spread their power over a great

-20
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part of Cappadocia and PapbkjjOnia. Several of them
intermarried with the Seleucida; and other Greek royal

families, and something of the Hellenic civilization was
engrafted on the native non-Hellenic character of the

kingdom. The names Mithradates, Pharnacos, and Ariobar-

zanes, all non-Hellenic, alternate in the family. The pro-

vince of Phrygia was sold in the most scandalous way by
the Roman consul Aquillius to Mithradates V., who died
probably in 120 B.C. He was succeeded by his son
^fithradate3 Eupator, sixth of the name, one of those
remarkable conquerors that arise from time to time in the
E^t. He was a boy when his father died, and for seven
years lived the wandering life of a hunter pursued by
assassins. His courage, his wonderful bodily strength and
size, his skill in the use of weapons, in riding, and in the
chase, his Speed of foot, his capacity for eating and drink-
ing, and dt the same time his quick and penetrating
intellect, his wonderful mastery of twenty-two languages,

—

all these qualities are celebrated by the ancients to a degree
which is almost incredible. With a surface gloss of Greek
education, he united the subtlety, the superstition, and the
obstinate endurance of an Oriental. He was a virtuoso,
and collected curiosities and works of art; he assembled
Greek, men of letters round him; he gave prizes to the
greatest poets and the best eaters. He spent much of Lis
time in practising magic arts, the interpretation of dreams,
and other superstitious ceremonies; and it was believed
that he had so saturated his body with poisons that none
could injure him. He trusted no one; he murdered his
nearest relations, his mother, his sons, the sister whom he
had married ; to prevent his harem from falling a trophy
to his enemies he murdered all his concubines, and his
most faithful followers were never safe. He once dis-

appeared from his palace, no one knew whither, and
returned after some months, liaving wandered over all Asia
Minor in disguise. Except in the pages of romance or the
tales of the Thousand and One Nights it would be diiiScult

to find anything to rival the account given of Mithradates
by the gravest of historians. These qualities fitted him to
bo the opponent of Roman arras in Asia Minor, to be the
champion of the East in its struggle against the destroying
and yet civilizing power of the West. He resisted the
Romans for eighteen years, yet we can hardly credit him
with much' real generalship or organizing power. He
could collect masses of men and hurl them against the,
Roman legions; everything that boundless energy and
boundless hatred could do he did ; but the strength of his
opposition to theJlomans lay in the fact that all the dislike
inspired by Rome in the worst and most cruel time of her
rule was arrayed on his side.

No direct collision took place between the Romans and
Mithradates for thirty-two years, though the republic took
away Phrygia from him in 120 B.C., and several times
thwarted his designs in Paphlagonia and Cappadocia.
The rupture came about the time of the Social War.
Mithradates, prompted, it is said, by envoys from the Italian
allies, took advantage of the intestine struggles in Italy.
War broke out in 88, on the ostensible cause of disputes
about the kingdom of Bithynia; Mithradates rapidly
overran Galatia, Phrygia, and Asia, defeated the Roman
armies, and made a general massacre of the Romans
resident in Asia. He also sent largo armies into European
Greece, and his generals occupied Athens. But Sulla in

Greece and Fimbria in Asia defeated his armies in several
battles ; the Greek cities were disgusted by his severity,

and in 84 b.c._ he concluded peace, abandoning all his con-
quests, surrendering seventy ships, and paying a fine of
2000 talents. Murena invaded Pontus without any good
reason in 83, but was defeated in 82. Difficulties con-
stantly arose between the two adversaries, and in 74 a

general war broke out. Mithradates defeated Cotta, om^

of the Roman consuls, at Chalcedon ; but Lucullus worsted

him in several engagements, and drovo him finally in 72

B.C. to take refuge in Armenia with his son-in-law Tigranes.

After two great victories in 09 and 68, Lucullus was dis-

concerted by mutiny among his troops and the defeat of

his lieutenant Fabius (see vol. xv. p. 56). In 66 he was

superseded by Pompey, who completely defeated both

Jlithradates and Tigranes. The former established him-
' self in 64 at Panticapoeum, and was planning new
campaigns against the Romans when his own troops

revolted, and, after vainly trying to poison himself, he

ordered a Gallic mercenary to kill him. So perished the

greatest enemy that the Romans had to encounter in Asia

Minor. His body was sent to Pompey, who buried it in

the royal sepulchrfc at Sinope.

MITHRAS was a Persian god whose worship spread

over the Roman world during the 2d and .3d centuries

after Christ. His name is found in the oldest records of

the East Aryan races. In the Rig-Veda, Jlitra, i.e., the

friend, and Varuna, i.e., Orpovos, are a pair of gods regularly

associated : they denote the heaven of day and the heaven
of night. Mithras is therefore by origin the god of the

bright heaven and of day, closely related in conception to,

and yet expressly distinguished from, the sun. In the

developed Old Persian religion of Zoroaster !Mithras retained

a place; he was not one of the greatest gods, but was
first of a triad which, while less pure pmbodiments of the

divine nature, were more easy for men to comprehend and
to worship. The seventh month, which bears his name, and
the sixteenth day of every month were sacred to Mithras;
prayers were offered to him at sunrise, at mid-day, and
at sunset. When the Persians conquered Assyria and
Babylonia their religion was much affected by the worship
of these more educated races. The worship of foreign

deities was introduced, that of Persian deities was changed
in character ; and the gods were represented by images.

The cultus of Mithras now became far more prominent, he
was identified with the sun, and an elaborate ritual with
the non-Aryan accompaniment of mysteries was established.

This revolution had begun before Herodotus (i. 131) could
identify Mithras with the Assyrian goddess Mylitta, and
it became more thorough during the 4th century. B.C.

It is in this most developed form that we know the
cultus of Mithras. The god of light becomes by a ready
transition, which is made in the very oldest Aryan records,

the god of purity, of moral goodness, of knowledge. There
goes on in the world as a whole, and in the life of each
man, a continual struggle between the power of good and
the power of evil ; ;Mithras is always engaged in this con-
test, and his religion teaches all, men and women alike, to
aid in the battle. Victory in this battle can be gained
only by sacrifice and probation, and Mithras is conceived
as always performing the mystic sacrifice through which
the good will triumph. The human soul, which has been
separated from the divine nature and has descended to
earth, can reascend and attain union with God through a
process of fasting and penance which is taught in the
mysteries

; the sacrifice which is being always offered by
Mithras makes this ascent and union possible. Those
who were initiated in the mysteries of Jlithras had to pass
through a long probation, vfith scourging, fasting, and
ordeal by water, and wore then admitted as soldiers fighting
on behalf of Mithras. This was the lowest terrestrial
grade, but there were still two others to attain, the Bui)
and the Lion, each involving further probation, beforq the
soul could rise above the earth. It then ascended by the
grades of Vulture, Ostrich, and Crow through the region
of asther ; and then it strove to become pure fire through
the grades of Gryphon, of Perses, and of the Sun. Finally
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the soul attained complete union with the divine nature

through the grades of Father Eagle, of Father Falcon, and
of Father of Fathers. A holy cave on a hill was the

central point in the worship; and the mystic rites involved

watching and fasting all night tOl sunrise brought the

triumph of light.

The worship of Mithras became known to the Romans
through the Cilician pirates captured by Pompey about 70
B.C. It gained a footing in Rome under Domitian, was
regularly established by Trajan about 100 A.D., and by
Commodus about 190. Finally the mysteries were pro-

hibited and the holy cave destroyed in 378. Dedicatory

inscriptions to Deo Soli Invicto Mithrx, and votive reliefs

of Roman work, are very common. The usual representa-

tion shows ilithras in the mystic cave performing the

mystic sacrifice; a young man in Oriental costume kneels

with one knee on a prostrate bull, grasping the head and

pulling it back vdih. the left hand, while with the right he

plunges his sword into its neck. A dog, a snake, and a

scorpion drink the blood that flows from the bull ; a crow

sits on the rock behind Mithras ; the figures of the sun

and of the moon occupy the two sides of the relief.

See Lajardo, Rccherchcs sut U Cults dc Mithras.

MITRE. See Costume, vol. vi. p. 463 ; and Hekaldey,
vol. xi. p. 711.

MITSCHERLICH, Eilhaedt (1794-1863), was born

January 7, 1794, at Neuende near Jever, in the grand-

duchy of Oldenburg, where his father was pastor. He
was educated at the gymnasium of Jever under the historian

Schlosser. In 1811 he went to Heidelberg, where he

devoted himself to philology, giving- special attention to

the Persian language. In 1813 he went to Paris, partly

for study, partly with the view of obtaining permission to

join a French embassy to Persia. The political events of

1814 put an end to this scheme, and Mitscherlich returned

to Germany. He then set to work on a history of the

Ghurides and Kara-Chitayens, manuscript materials for

which he found in the university library of GiJttingen, and

a portion of which he published in 1815. Still anxious

to visit Persia, he resolved to study medicine in order that

he might enjoy that freedom . of travel usually allowed in

the East to physicians. He began at Gottingen with the

study of chemistry, and this so completely arrested his

attention that he gave up the idea of the journey to Persia

and the medical profession. Iri 1818 he went to Berlin,

where he worked in the laboratory of Professor Link. He
made analyses of phosphates and phosphites, arseniates and

arsenites, confirming the observations of Berzelius as to

their composition. In the course of these investigations

he observed that corresponding phosphates and arseniates

crystallized in the same form.

This was the germ from which grew the theory of

isomorphism. In order to follow out his discovery

Mitscherlich set to work to learn crystallography. His

teacher was a fellow student, Gustav Rose, to whose

penetrating mind and profound knowledge of mineralogy

have been due some of the most interesting developments

and illustrations of the theory of isomorphism. Having

measured the inclinations of the faces of a vast number of

natural and artificial crystals, he estabUshed the principles

of isomorphism very much as we now hold them.

It is right that we should remember that Mitscherlich

was not the first to notice the fact that two different sub-

stances might have the same crystalline form, or that one

element could partially replace another without great

change of form. Romi5 de I'lsle in 1772 mentions mixed

vitriols containing variable proportions of iron and c«pper,

and Leblanc in 1802 showed that the crystalline form

remains the same although the proportions vary both in

the case of these mixed vitriols and in that of mixed

alums. Vauquelin had already, in 1797, proved that

alum might contain variable quantities of ammonia without

any corresponding variation of crystalline form.

The authority of Haiiy, who laid down as one of his

principles that each compound has its own crystalline form,

for a time kept these observations in the background.
Further cases were, however, observed. IVolIaston (1812)
accurately measured the angles of the rhombohedral
carbonates, and proved that the forms of these minerals,

although nearly the same, are not absolutely identical.

He showed that a similar close approximation to identity

exists in the case of the vitriols. Fuchs in 1815 brought
forward his theory of " vicarious constituents." Gay-
Lussac ijroved that a crystal of common alum continues to

grow when placed in a solution of ammonia alum, and
cases of crystallized mixtures were pointed out by the

French mineralogist Beudant. But notwithstanding these

foreshadowings, of which we know, on the evidence of

Gustav Rose, that ^Mitscherlich was wholly ignorant, ther»

was at the time of which we are now speaking no trace of

a theory, but merely isolated observations. The theory of

isomorphism is the work of Mitscherlich. It was com-
municated to the Berlin Academy on December 9, 1819.

In that year Berzelius paid a visit to Berlin, and was so

struck with Mitscherlich's ability that he suggested him to

the minister Altenstein as the most fitting successor to

Klaproth in the chair of chemistry in that university. It

is not surprising that this idea was not carried out. It

was only four years since Mitscherlich had begun to study

chemistry ; he had never lectured, nor had he pubhshed

anything on the subject.

Although Altenstein did not at that time carry out the

proposal of Berzelius, he was' so far impressed by it that

he obtained for Mitscherlich a Government grant to enable

him to continue his studies under Berzelius.

In 1820 he went to Stockholm, where he worked for a

year in Berzelius's laboratory. In 1822 he was appointed

extraordinary and in 1825 ordinary professor in Berlin.

In the course of an investigation into the slight differences

discovered by WoUaston in the angles of the rhombohedra

of the carbonates isomorphous with calc-spar, Mitscherlich

observed that the angle in the case of calc-spar varied with

the temperature. On extending his inquiry to other non-

isotropic crystals he observed a similar variation, and was

thus led, in 1825, to the discovery that non-isotropic

crystals, when heated, expand unequally in the direction of

dissimilar axes. In the following year he discovered the

change, produced by change of temperature, in the direction

of the optic axes of selenite. The discovery (also in 1826)

that sulphur can be obtained in two absolutely distinct

crystalline forms threw much light on the fact that the two

minerals calc-spar and aragonite have the same composition

but perfectly different forms. Other cases of this property,

to which Mitscherlich gave the name of dimorphism, were

arrived at not long after.

In 1833 he made a series of careful determinations of

the vapour densities of -a large number of volatile substances,

and proved that Gay-Lussac's law as to the proportions

by volume in which oxygen, nitrogen, hydrogen, and

chlorine unite with one another holds generally for volatile

elements, and that the simplicity of the relation of the

vplume of the compound to that of the component gases is

also general.

In pure chemistry ifitscherlich's discoveries were mainly

connected with isomorphism. Thus he obtained selenic

acid in 1827, and showed the isomorphism of its salts with

the sulphates, and examined rtith great care the manganatea

and permanganates, showing their isomorphism with the

sulphates and with the perchlorates respectively. But he

did much important work unconnected with this special
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subject We may in particular refer to his discovery of

the relation of benzene to benzoic acid, of nitro-benzene,

and of a considerable number of the derivatives of benzene.

In 1833 he published his Lthrbuch da- ChtmU, a
student's text-book of chemistry of the most thoroughly
practical and yet rigidly scientific kind, from the study of

which teachers of chemistry may still derive many a
valuable hin',. His interest in mineralogy led him to the

study of the geology of volcanic regions, and he made
frequent visits to the Eifel with a view to the discovery of

a theory of volcanic actiort He did not, however, publish

any papers on the subject, but since his death his notes

have been arranged and published by Dr Roth in the
Memoirs of the Berlin Academy (1866). In December
1861 symptoms of heart disease made their appearance,
but he was able to carry on his academical work till

December 1862. He died at Schoneberg near Berlin on
28th August 1863.

Jlitscherlich's published papers are chiefly to be fotmd in the
Abhandlungen of the Berlin Acidciiiy, in Poggendorff's Annalen,
»nd in the AnnaUs d« Chimie et (U jfhysique. The fourth edition
of the Lthrbuch der ChemU was pi^blisned in 1844 ; a fifth was
begun in 1855, but was not completed. (A. C. B.)

MITi'LENE, or Mytilexe. See Lesbos.
MIZPAH ('"isyp) and Mizpeh (nsV?) are Hebrew words

for a "place of prospect," or high commanding point.

The cities of Palestine generally occupied such positions

;

and so in the Old Testament we find several places bearing

the name of " The Mizpah " (Mizpeh). Sometimes a

determining genitive is added ; " The Mizpeh of Gilead "

(Judg. xL 29), "The Mizpeh of Moab" (1 Sam. xsii. 3).

(1) The most famous of these places is that in Gilead, a noted
sanctuary (Judg. iL 11 ; Eosea v. 1), claiming consecration from
the eacnfice of Jacob (Gen. xxzL 64) and the masseba or sacred

(tone erected by him (ver. 45). The narrative of Gen. •vnrTi 45 sq.

is somewhat obscure, and not all from one haiid.. We gather,

however, from it that another name of " The Mizpah " was Galeed,

i.«., Gilead. Thus Mizpah, Mizpeh GUead, Gilead (Hos. vi 8),

Ramath Mizpeh (i.e., the height of ilizpeh. Josh, riii, 26), and
Eamqth Gilead (the heights of Gilead), or simply The Ramah (2

Kings viii. 28, 29), are almost universally taken to be one place.

With this it agrees that Ramoth Gilead was a city of refuge, which
points to an early sanctity. The place is prominent thi-oughont the

history. It was the seat of Jephthah (Judg. xi. ), the mourning for

whose daughter probably gives us a glimpse into the ancient rites

of aproviucial sanctuary, the residence of one of Solomon's officers

(1 Kings iv. 13), and a hotly disputed frontier city in the wars

between Syria and the house of Omri, before which Ahab fell (1

Kings TTii ), and in which the mUitary revolt of Jehu was organized

(2 &iga ix. ). Maspha was still a strong place in the Greek period,

and was taken by Judas Maccabseus (1 Mac. v. 35). Eusebius knows
Ramoth as a place 15 miles west of Philadelphia or Kabbah of

Ammon. It is therefore commonly identified with El-Salt, the

modem camtal of the Belk4 ; but this cannot be said to be made
out. (2) The Benjamite Mizpah or Mizpeh, also a sanctuary, is

often named in the history of SamueL It was a border fortress of

King Asa (1 Kings rv. 22), and the residence of Gediliah as governor

of Judaea after the fall of.Jerusalem (Jer. xL). Its old junctity was

still remembered in the Maccabee times, and from 1 Mic. iii. 46 we
conclude that it commanded a view of Jerusalem. The most prob-

able identification is with the prominent hill-top of Neby Samwfl.

There was (3) another Mizpeh in the low country of Judah (Josh.

IV. 38), and (4) a land or valley of Mizpeh (Josh. 3d. 3, 8) under
Mount Hermon.

MNEMONICS, or artificial helps to the memory, have

been employed in a more or less systematic form from a

very early period. Mnemonics (to fivrjfioviKi'v, sc. tc^i^Aw

or irapdyytXfjui) were much cultivated by Greek sophists

and philosophers, and are repeatedly referred to by Plato

and Aristotle. In later times the invention was ascribed

to the poet Simonides,' perhaps for no other reason than

that the strength of his memory was famous. Cicero, who
attaches considerable importance to the art, but more to

the principle of order as the best help to memory, speaks

' Pliny, n. N., vii, 24. Cicero, De Or., 11. 86, mentions thl» belief

-f/ithont committing himself to it

of Carneades (or perhaps Charmades) of Athens and Metro-

dorus of Scepsis as distinguished examples of the use of

well-ordered images to aid the memory. The latter is

said by Pliny to have carried the art so far vt nihil non

iisdem vermin redderet auditum. The Romans valued such

helps as giving facility in public speaking. The method

used is described by the author of Rhel. ad Heren., iii. 16-

24 ; see also Quintilian (Inst. Or., x. 1, 2), whose account is,

however, somewhat incomplete and obscure. In his time

the art had almost ceased to be practised. The Greek and

Roman system of mnemonics was founded on the use of

mental places and signs or picttu-es. The thing to be re-

membered was localized in the imagination, and associated

with a symbol which concretely represented what it was

desired to retain in the memory, special care being taken

that the symbob should be as vivid, pleasing, and impres-

sive as possible. The most usual method was to choose

a large house, of which the apartments, walls, windows,

statues, furniture, (Sic, were severally associated with cer-

tain names, phrases, events, or ideas, by means of symbolic

pictures ; and to recall these it was only necessary to search

over the apartments of the house, till the particular place

was discovered where they had been deposited by the ima-

gination. As the things to be remembered increased, new
houses could be built, each set apart to a certain class of

ideas or events, and these houses were again constructed

into a mnemonic town. In accordance with this system,

if it were desired to fix an historic date in the memory, it

was localized in an imaginary town divided into a certain

number of districts, each with ten houses, each house with

ten rooms, and each room with a hundred quadrates or

memory-places, partly on the floor, partly on the four walls,

paitly on the roof. Thus, if it were desired to fix in the

memory the date of the invention of printing (1436), an

imaginary book, or some other symbol of printing, would

be placed in the thirty-sixth quadrate or memory-place

of the fourth room of the first house of the historic distriat

of the t6wn. The success of the method depended largely

on the power of the imagination to give the dififerent houses,

rooms, <fec., characteristic varieties of aspect, and we may
suppose that it was the efibrt to frame suitable images and
places, giving an adventitious interest to dry details, that

constituted the real advantage of the system. Except that

the rules of mnemonics are referred to by Martianus

Capella, nothing further is known regarding the practice

of the art until the 13th century, when the system of the

Romans was revived and a good many treatises were
published on the subject. Among the voluminous writ-

ings of Roger Bacon is a tractate De Arte Memorativa,

which exists in MS. at Oxford. Raymond LuUy devoted

special attention to mnemonics in connexion with his ars

ffcneralis. The first important modification of the method
of the Romans was that invented by Conrad Celtes, a

German poet, who, in his Epitoma in utramque Ciceronis

rhetoricam cum, arte tnemorativa nova (1492), instead of

places made use of the letters of the alphabet. About
the end of the 15th centiuy Petrus de Ravenna awakened
such astonishment in Italy by his mnemonic feats that he
was believed by many to be a necromancer. His Phoenix
Artis Memorise, published at Venice in 1 49 1 in four volumes,

went through as many as nine editions, the seventh appear-

ing at Cologne in 1608. An Impression equally great was
produced about the end of the 1 6th century by Lambert
Schenkel, who taught mnemonics in France, Italy, and
Germany, and, although he was denounced as a sorcerer by
the university of Louvain, published in 1593 his tractate

De Memoria at Douai with the sanction of that celebrated

theological faculty. The most complete account of his sys-

tem is given in two works by his pupil Martin Sommer, pub-

I lished at Venice in 1619. Giordano Bnxno, in connexion
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vith his erposition of the art geueralh of Lully, included

a viehioria iechnica in his treatise /)e Umhris Idearum.

About the middle of the 17th century Winckelmann made
known what he called the "b ost fertile secret" in mne-

monics, namely the use of letLjrs with figures so as to express

numbers by words ; and the philosopher Leibnitz adopted

an alphabet very similar to that of Winckelmann in con-

nexion with his scheme for a form of writing common to all

languages. Winckelmann's method was modified and sup-

plemented in regard to many details by Richard Grey, who
published a Afemoria Tec/mica in 1730. The principal

part of Grey's method is briefly this :
" To remember any-

thing in history, chronology, geography, <fec., a word is

formed, the beginning whereof being the first syllable or

syllables of the thing sought, does, by frequent repetition,

of course draw after it the latter part, which is so contrived

as to give the answer. Thus, in history, the Deluge

happened in the year before Chiist two thousand three

hundred forty-eight ; this is signified by the word Deletol;

Del standing for Deluge and etok for 2348." To assist in

retaining the mnemonical words in the memory they were

formed into memorial lines. The vowel or consonant

which Grey connected with a particular figure was chosen

arbitrarily; but in 1806 Feinaigle, a monk from Salem

near Constance, began in Paris to expound a system

of mnemonics, one feature of which was to represent the

numerical figures by letters chosen on account of some

similarity to the figure to be represented or some accidental

connexion with it. This alphabet was supplemented by

a complicated system of localities and signs, with the aim

of expressing, by a more vivid and impressive symbol, ideas

which for want of this are apt to pass from the memory,

and of establishing between ideas of the same group an

intimate relation, so that the mention of the one would sug-

gest the other. Feinaigle, who published a Notice sur la

rriTiemonique at Paris in 1806, came to England in 1811,

and in the following year published The New Art of

Memory. A simplified form of Feinaigle's method was

published in 1823 by Afin6 Paris, and the use of S3Tnbolic

pictures was revived in connexion with the latter by a

Pole, Jazwinsky, of whose system an account was pub-

lished by J. Bem, under the title Expose General de la

Metkode Afnemonique Polonaise, perfectionnee d. Paris, Paris,

1839. Various other modifications of the systems of

Feinaigle and Aim6 Paris were advocated by subsequent

mnemonists, among them being the Phrenotjrping or

Brain-Printing me'thod of Beniowsky, the Phreno-Mnemo-

techny of Gouraud, and the Mnemotechnik of Carl Otto,

a Dane. The more complicated mnemonic systerns have

fallen almost into complete disuse ; but methods founded

chiefly on the laws -of association have been taught with

some success in Germany by, among others, Kothe, who is

the author of Lehrhuch der Mnemonik, and Katechismus

der Geddchtnisskunst, both of which have gone through

several editions ; and in England by Dr. Edward Pick,

whose Memory and the Rational Means of Improving it

has also obtained a wide circulation. In certain cases

mnemonical devices may be found of considerable service

;

but all systems which have aimed at completeness have

been found rather to puzzle than aid the memory. The

fullest history of mnemonics is that given by J. C. F. von

Aretin in his Systematische Anleitun^ zur Theorie und

Praxis der Mnemonik, 1810.

MOA. See Dinornis.

MOAB. Moab and Ammon (children of Lot^ consti-

tute along with Edom and Israel (children of Isaac; that

group of four Hebrew peoples which in early antiquity had

issued from the Syro-Arabian wilderness, and settled on

the border of the cultivated country eastward of the great

deoression which extends from the Gulf of Elath to the

Dead Sea, and up the valley of the Jordan. According to

the book of Genesis, they had come out of Mesopotamia,
and so were precursors of the larger wave which followed

from the same quarter, forming the most southern outpost
of the AramEan immigration into the lands of Canaan
and Heth. Whether the Hebrews were originally Ara-

maeans is questionable, but it is certain that, like the

Aramaeans, they were distinct from the Canaanites, whose
conquerors they were. Such was the relation of the old

and new inhabitants, not only in Western Palestine after

the Israelite occupation, but also, and from a much earlier

period, in Eastern Palestine, where the aborigines were
Amorites—that is, Canaanites— and where the Bne Ammon
and Moab and the Bne Isaac successively settled in their

lands. The old population did not disappear before the

conquerors, but continued to subsist among them. In

a considerable district—namely, in Gilead-^the Amorites
even remained unsubdued, and thus formed a gap, only

imperfectly filled up by the Bne Ammon, between the

Hebrew line of immigration on the south and the Ara-

m»an line more to the north,—a gap which did not begin

to close until the historical period. From this district

they even endeavoured, and with some success, as will be

afterwards seen, to recover the territory which had been

taken from them in the south. But where they were the

subjects of the Hebrews they constituted the basis of the

population, the mainstock of the working and trading

classes. The extent of their influence over the conquerors

may be judged from the fact that it was their speech

which gained the upper hand. The Moabites, and doubt-

less also the Ammonites and Edomites, spoke the langiiage

of Canaan as well as the Israelites. They must have

learned it from the Canaanites in the land eastward of

Jordan, prior to the period at which Jacob immigrated to

and returned from Egypt. Our knowledge is extremely

imperfect as regards other departments of the Canaanite

influence ; but in religion it has left a noticeable trace in

the cultus of Baal-Peor, which was carried on iu Moabite

territory, but was certainly of Canaanite origin.

The assumption that the change of language was first brought

about by the Israelites in the land which is called by preference

that of Canaan, is rendered untenable by the fact that the Moabites

also spoke Canaanitish. It is vain to urge against the identity of

Hebrew and Canaanitish the distinction between Phoenician and
Hebrew ; for doubtless similar distinctions existed between the

dialect of the Phoenician coast towns and that of the Hivites,

Amorites, and Canaanites generally, whose language the Hebrews

borrowed. That the Aramseans of Damascus, who also were com-

pelled to mingle with the Hethites in the country of which they

had taken possession, nevertheless retained their original tongue is

to be explained by the circumstance that they continued to maintain

direct relations with the mother-country of Mesopotamia, and more-

over had greater internal cohesion. The designation Amorites,

usually given in the Old Testament to the original inhabitants

of Eastern Palestine, is substantially synonymous with that of

Canaanites, although not quite so comprehensive. The Palestine

of the Pre-Israelitic period, which in the Pentateuch is called the

Land of Canaan, figures in Amos as the Land of the Amorites.

While, however, the former name is bestowed chiefly upon that

portion of the earlier population which had remained unconquercd,

the latter is given to the portion against which the Israelites first

directed their attack and in whose territory they settled. This look

place in the mountain district, first to the east and afterwards to the

west of Jordan. For this reason the Amorites, as contrasted with

the Canaanites of the cities of the level country, are a highland

race, like the Hebrews themselves, but belong exclusively to the

past. In the time of the Biblical narrators, the Canaanites are still

living here and there in the land, but the Amorites have once lived

where the Israelites now are. This explains the fact that, while in

ordinary peaceful circumstances the Canaanites are named as the

old inhabitants, the Amorites are immediately substituted for them

wherever war and conquest are spoken ot^ Sihon and Og, with

whom Moses does battle, are kings of the Amorites ;
in like manner

it is with the twelve kings of the Amorites that Joshua has to deal

westward of the Jordan. The Amorites as an extinct race of course

assume a half-mythical character, and are represented as giants, UU
I
as cedars and strong as oaks.
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Just as Israel was the people of Jehovah, and Ammon

the people of MLlcom, Moab was the people of Chemosh
(nD3, Num. sxi. 29). The kingship of Chemosh was

regarded as thoroughly national and political in its char-

acter, but did not on that account exclude the institution

of a human king, which existed in Moab much earlier than

in Israel ; in the time of Moses the Moabites had a king,

and the institution was even then an old one. The capitals

of the kingdom were Ar Moab and Kir-JIoab, south from

the Amon ; these were not, however, the constant residences

of the kings, who continued to live in their native places,

as, for example, Mesha in Dibon. Doubtless there were

changes of dynasty, and traces exist of a powerful aristocracy

(Ariele Moab ; 2 Sam. xxiii. 20).

The land of the Moabites, the BalkA, is bounded north-

ward and southward by Mount Gilead and Wadi '1-Ahs4,

westward and eastward by the Dead Sea and the Wilder-

ness ; it is divided into two portions by the deep bed of

the Amon, that to the north being the more level (Mishor),

and that to the south being more broken up, and consti-

tuting the proper stronghold of the nation. The soil is

peculiarly adapted for sheep-farming (2 Kings iii.) and the

culture of the vine (Isa. xvi.).^

The historical importance of the Moabites lies wholly in

their contact with Israel, and we have no knowledge of

them apart from this. After the Israelites had quitted

Egypt and passed a nomadic life for about a generation in

the neighbourhood of Kadesh, they migrated thence, still

under the leadership of Moses, into northern Moab, dis-

possessing the Amorites, who had made themselves masters

of that district. The interval from Kadesh to the Arnon

could be passed only by a good understanding with Edom,
Moab, and Ammon,—a proof that the ethnical relationships,

which at a later period were expressed only in legend, were

at that time still living and practical. In all probability

the Moabites called the Israelites to their aid ; they were

not as yet aware that this little pastoral people was des-

tined one day to become to them a greater danger than

the Canaanites by whom they were threatened at the

moment."
Aa the story of Balaam indicates, the Moabites would

willingly have been rid of their cousins after their service

had been rendered, but were unable to prevent them from"

settling in the land of Sihon. The migration of the tribes

of Israel into Western Palestine, however, and the dissolu-

tion of their warlike confederation soon afterwards made a

restoration of the old frontiers possible. If King Eglon

took tribute of Benjamin at Jericho, the territory between

Amon and Jordan must also have been subject to him, and

• There docs not seem to have been any difference in this respect

between the northern and southern portions ; .instead of Heshbon,

Sibmah, and Jaezer {Isa. i\i.), the poet Hatira of Tayyi, a little before

Mohsmmed, names Maab and Zoar as the chief wine centres (Yakut,

iv. 377, 19).

' The facts as a whole are indubitable ; it cannot be an invention

that the Israelites settled first in Kadesh, then in northern Moab, and

thence passed into Palestine proper. The only doubtful point is

whether the song in Num. xxi. 27 sgq, is contemporary evidence

of these events. It is certainly not a forgery, but it is a ques-

tion whether it really refers to the destruction of the kingdom of the

Amorites at Heshbon. This reference rests entirely upon the words

priTj 10S ^pD?, which might very well be omitted as a mere gloss,

in v;hich case the song would naturally be understood as directed against

th'j Moabites themselves ; it is in this last sense that it is taken by the

author of Jer. xlviii. (Comp. E. Meyer in Stade's Zeilschr. f. A Tliche

Wiisensch., 1881, p. 129 sqq.) As Israel got the better of the Amorites
on the plain of Moab, so did Ifadad king of the Edomites vanquish the

Midianites on the " field " of Moab (Gen. 'xxxvi. 35) ; this took place

in Gideon's time, as is borne out by the fact that between Hadad and
the downfall of the ancient Edomite monarchy, t.«. to the period of

David, there were four reigning princes. Confused recollections of a

former settlement of the Midianites in northern Moab are seen in

Num. -jixW. 4, 7; xiv. 18.

Reuben must even then have lost his land, or at least his

liberty. It would appear that the Moabites next extended

their attacks to Mount Gilead, giving their support to the

Ammonites, who, during the period of the judges, were its

leading assailants. So close was the connexion between

Moab and Ammon that the boundary between them vanishes

for the narrators (Judges -xi.).

Gilead was delivered from the Ammonites by Saul, who

at the same time waged a successful war against Jloab ; the

fact is lightly touched upon in 1 Sam. xiv. 47, as if this

were a matter of course.' The establishment of the mon-

archy necessarily involved Israel in feuds with its neighbours

and kin. The Moabites being the enemies of the Israelite

kingdom, David naturally sent his people for shelter thither

when he had broken with Saul ; the incident is precisely

analoo'OUB to what happened when he himself at a later

period took refuge from Saul's persecution in Philistine

territory and needs no explanation from the book of Ruth.

As soon as he ceased to be the king's enemy by himself

becoming king, hia relations with Moab became precisely

those of his predecessor. The war in which apparently

casual circumstances involved him with Hanun ben Nahash

of Ammon reaUy arose out of larger causes, and thus spread

to Moab and Edom as well. The end of it was that all

the three Hebrew nationalities were incorporated with the

kingdom of Israel ; the youngest brother eclipsed and sub-

dued his seniors, as Balaam had foreseen. Through the

work of Saul and David the political system of Palestine

was altogether changed : the smaller peoples were no longer

a match for Israel, which established a decisive preponder-

ance, and transformed what had hitherto been jealousy on

the part of Moab and Ammon as well as of Edom into

bitter hatred ; this hatred did not cease even after nothing

but a religious shadow remained of what had once been the

political supremacy of the people of Jehovah.

The struggle vrith Ammon which David began ultimately

assumed larger dimensions, and brought the Aramaeans

also into the field against him. He was successful, indeed,

against them also, and destroyed their most powerful

kingdom ; but after his death they recovered themselves,

and pressed steadily on from the borders of the wilderness

towards the sea; at their head were those kings of Damascus
who had established themselves on the ruins of Zoba. In

presence of these enemies the already fading distinction

between the ruling and the subject nationality within the

kingdom of Israel now completely disappeared ; and even
towards the Canaanites outside the relations of the kings

became friendly. It is in one instance expressly stated

that the common danger threatening from the East had
to do with this (2 Sam. viii. 9 sqq.). But, conversely, it

was natural that Ammon and Moab should make common
cause with the Aramaeans ; such an attitude was suggested
by geographical position and old connexions, but above
all by their helpless fury against Israel. Both nationalities

must have succeeded in emancipating themselves very soon
after David's death, and only now and then was some strong
king of Israel able again to impose the yoke for a time, not
upon the Ammonites indeed, but upon Moab. The first to do
so was Omri, who garrisoned a number of their towns and
compelled the king to acknowledge Israel's suzerainty by
a yearly tribute of sheep,—a state of matters which con-
tinued until the death of Ahab ben Omri. But when that
brave king fell in battle with the Aramaeans at Ramoth
Gilead (about 850 B.C.), Mesha of Dibon, then the. ruler
of Moab, seized the favourable opportunity to make him-
self and his people independent. In his famous inscription
he tells how, through the wrath of Chemosh, the land had
fallen into the enemy's power and endured for!y years of
slavery, and how by the grace of Chemosh the ^oke is now
broken and the Israelites ignominiously dri'en off. In
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the Bible we find only the curt statement that Jloab

rebeUed against Israel after the death of Ahab (2 Ivings i.);

on the other hand, there is a full narrative of a later attempt

on the part of Joram ben Ahab to bring Mesha again

into subjection—an attempt which promised very well at

first, but ultimately failed completely. Joram's invasion

took ])lace not from the north but (probably verj- unex-

jiectedly to the enemy) from the frontier of Edom over

the ^Vadi '1-Alisd ; he marched through Juuah and Edom,
and the kings of those countries served as auxiliaries.

He defeated a Moabite army on the frontier, penetrated

into the country and laid it waste ; he laid siege to the

fortress of Kir-Moab so closely as to reduce it to great

straits. But these straits seem to have filled the besieged

vfiih a desjierate courage, for the fortunes of war suddenly

changed. The Israelites were compelled to retire home-
ward, a great wrath (of Jehovah) having come upon them,

that is, a severe disaster having befallen them, which is

not described, but, from the nature of the case, must have

been a sudden surprise and defeat by the enemy. ^

As the Moabites owed their liberation from Israelite

supremacy to the battle of Eamah—that is, to the

Aramieans—we accordingly find them (as well as the

Ammonites) afterwards always seconding the Aramaeans in

•continual border warfare against Gilead, in which they

took cruel revenge on the Israelites. With what bitterness

the latter in consequence were wont to speak of their

hostile kinsfolk can be gathered from Gen. xix. 30 sqq.—
the one trace of open malice in the story of the patriarchs,

and all the more striking as it occurs in a narrative of

which Lot is the hero and saint, which therefore in its

jiresent form is of Moabite origin, although perhaps it has

a still older Canaanite nucleus. Of these border wars

we learn but little, although from casual notices it can be

seen (2 Kings xiii. 20 ; Amos i. 13 ; comp. 2 Kings v.

2) that they were , long kept up, although not quite

uninterruptedly. But when at length the danger from

the Aramseans was removed for Israel by the inter-

vention of the Assyrians, the hour of Moab's subjection

also came ; Jeroboam II. extended his frontier over the

eastern territory, as far as to the brook of the willows

{Wadi '1-Ahs4). (Perhaps the song of Num. xxi. 27 sf/q.

has reference to these events.) A vivid picture of the

confusion and anguish then prevalent in Moab has been

preserved to us in the ancient prophecy of Isa. xv., xvi.,

which indeed would have greater historical value if we
were able to tell precisely what in it depicts the present,

and what is prediction of the future.^

This utterance of an older prophet was repeated some

* The narrative of Mesha iu his inscription has, strange to say, not

infrequently been regarded as parallel with 2 Kings iii. , and the con-

<lu5ioa been drawn that the Biblical narrative completely inverts the

true state of the case,—it is dilTicnlt to see for what motives, for there

is no braggadocio in 2 Kings iii. But it is perfectly clear that the

narrative of 2 Kings iii. presupposes the revolt of Jlesha as an old

affair ; while, on the other hand, Mesha's story on the stele in the

Louvre is a narrative of this very revolt and its immediate consequences;

it is accordingly to be regarded as parallel with 2 Kings i. 1. Elisha's

miracle in Wad! 'l-Alisd (2 Kings iii. 16) is explained by the ^locality ;

Ahsa means a sandy ground with moist subsoil, where, by digging

trenches, water is always obtainable. The (probably compulsory) par-

ticipation of the king of. Edom in Joram's expedition against Iiloab

may perhaps be brought into connexion with the fact tl*.:it the Moabites

burned to lime the bones of a king of Edom (Amos ii. 1)

' In Isa. XT. xvi. it is presupposed tliat the attack upon Jloab has

been made from the north, at a time when Jud.ih is a comparatively

powerful kingdom, exercising sovereignty over Edom also, and in a

posi^tion to afford shelter to the fugitive Jloaljites, thus not being

itself at war with them. Tliese marks taiiea tosether can only apply

to the period of Jeroboam II. and Uzziah. Hitzig will have it that

Jonah ben Amittai wrote Isa. xv. xvi. ; but according to 2 Kings xiv.

25 thtt t>,~>;'het preached prosperity to Jeroboam, and not disaster

to the MoaXjfLcn

decennia later by the prophet Isaiah, with the addition of

a clause adapting it to his time, to the effect that the

Assyrians would carry out in all its fulness the hitherto

imperfectly-executed threat. The Assyrians actually sub-

jugated the Moabites, as well as the other small peoples of

that region ; but the blow was apparently not so grave as
Isaiah had predicted. They lay more out of the way than
their western neighbours, and perhans their resistance to

the scourge of God was not so obstinate as to demand the
sharpest measures. What made it all the easier for them
to reconcile themselves to the new situation was the fact

that the Israelites suffered much more severely than they.

From these their deadly enemies they were henceforth for

ever free. They did not on that account, however, give up
their old hatred, but merely transferred it from Israel to

Judah. The political annihilation of the nation only inten-

sified in Jerusalem the belief in its religious prerogative, and
against this belief the hostility of neighbours was aroused
more keenly than ever. The deepest offence at the reli-

gious exclusiveness of the people of Judtea, which then
first began to manifest itself, was, as is easily understood,

taken by their nearest relatives, Edom and Moab. They
gave terrible expression to their feelings when the Chal-

daans urged them on like uncaged beasts of prey against

the rebellious Jews ; and they joined loudly in the general

chorus of malignant joy which was raised over the burning
of the temple and the ruin of the holy cit)-.*

" Because Moab saith : Behold the house of Judah is

like all the other nations, therefore .do I open his land to

the Bne Kedem," says the prophet Ezekiel (xxv. 8 sqq.).

His threat against the Moabites as well as against the

Edomites and Ammonites is that they shall fall before the

approach of the desert tribes. Probably in his day the

tide of Arabian invasion was already slowly rising, and
of course it had first to overtake the lands situated on the

desert border. At all events the Arab immigration into

this quarter began at an earlier date than is usually

supposed ; it continued for centuries, and was so gradual

that the previously -introduced Aramreizing process

could quietly go on alongside of it. The Edomites gave
way before the pressure of the land-hungry nomads, and
settled in the desolate country of Judah ; the diildren of

Lot, on the other hand, appear to have amalgamated with

them,—the Ammonites maintaining their individuality

longer than the ^Moabites, who soon entirely disajip'eared.

Israel and Moab had a common origin, and their early

history was" similar. The people of Jehovah on the one
hand, the people of Chemosh on the other, had the same
idea of the Godhead as head of the nation, and a like

patriotism derived from religious belief,—a patriotism

capable of extraordinary efforts, and which has had no
parallel in the West either in ancient or in modei-n times.

The mechanism of the theocracy also had mucli that was
common to both nations ; in both the king figures as the

deity's representative, priests and pro])hets as the organs

through whom he makes his communications. But, witli

all this similarity, how different were the ultimate fates

of the two ! The history of the one loses itself obscurely

and fruitlessly in the sarid ; that of the other issues in

eternity. One reason for the difl"erence (which, strangely

enough, seems to have been felt not by tlie Israelites alone

but by the iloabites also) is obvious. Israel received no

gentle treatment at the hands of the world ; it had to carry

on a continual conflict with foreign influences and hostile

' Zeph. ii. 8 sq. ; 2 Kings xxiv. 2, and Jer. xii. 9 597. ; Ezek. xxr.

8 sqq. It need hardly be said that the Moabites shared the fate of all

the Palestinian peoples when supremacy passed from the Assyrians

to the Chaldxans, and th.at, notwithstanding their hatred of the Jews
they had no difficulty in seeking alliances'with them, wheu occasioui

arose on which they could be made useful fJer. xxvil 31.
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powers; and this perpetual struggle with gbds and men
was not profitless, although the external catastrophe was

mevitable. Moab meantime remained settled on his lees,

and was not emptied from vessel to vessel (Jer. xlviii. 11),

and corruption and decay were the result. This exi)lana-

tion, however, does not carry us far, for other peoples with

fortunes as rude as those of Krael have yet failed to

'attain Historical importance, but have simply disappeared.

'The service the prophets rendered at a critical time, by

,'raising the faith of Israel from the temporal to the eternal

(sphere, has already been spoken of in the article IsR.\ix.

Sources.—The Old Testament (Ruth and Chronicles, however,

'beiof of no historical worth in this connexion), and the inscription

of Mesha, on the stone of Dibon, discovered in 1868, and now in

the LouTte. The Berlin Moabitica are valueless,—Schlottmann

bunself, the unshaken champion of their genuineness, conceding

that they are mere scribbling, and do not even form words, much
less sentences. The literature of the subject is to tie found in the

commentaries on the Old Testament books, and in those on the

inscription of Meslia. (J. WE.)

MO'ALIJUCiT. Al-Mo'allakdt is the title of a group

of seven longish Arabic poems, which have come down to

us from the time before Islam. The name signifies " the

suspended" (pL), the traditional explanation being that

these poems were hung up by the Arabs on or in the

Ka'ba at Mecca. The oldest passage known to the writer

where this is stated occurs in the 'Ikd of the Spanish Arab,

Ibn ":Abd-Rabbih (a.d. 861-940), Biilik: ed. vol. iii. p. 116

tq. We read there* " The Aralss had such an interest in

poetry, and valued it so highly, that they took seven long

pieces selected from the ancient poetry, wrote them in gold

on rolls (?) of Optic cloth, and hung them up {'allakai)

on the curtains which covered the Ka'ba. Hence we speak

of ' the golden poem of Amraalkais,' ' the golden poem of

Zohair.' The number of the golden poems is seven ; they

are also called ' the svispended ' {al-Mo'allakdt)." Similar

statements are frequent in later Arabic works. But against

this we have the testimony of a contemporary of Ibn 'Abd-

Rabbih, the grammarian Nahliis {oh. a.d. 949), who says

in his commentary on the Mo'allak^t : "As for the assertion

that they were hung up in [sic] the Ka'ba, it is not known

to any of those who have handed down ancient poems." >

This cautious scholar is unquestionably right in rejecting

a story so utterly unauthenticated. The customs pf the

Arabs before Mohammed are pretty accurately known to

us ; we hava. also a mass of information about the aflfairs

of Mecca at the time when the Prophet arose; but no trace

of this or -anjrthing like it is found in really good and

ancient authorities. We hear, indeed, of a Meccan hanging

up a spoil of battle on the Ka'ba (Ibn Hishdm, ed. Wiis-

tenfeld, p. 431). Less credible is the story of an important

document being deposited in that sanctuary, for this looks

like an instance of later usages being transferred to pre-

Islanlic times. But at all events this is quite a difi"erent

thing from the hanging up of poetical manuscripts. To
account for the disappearance of the Mo'allak^t from the

Ka'ba we are told, in a passage of late origin (De Sacy,

Chrestom., ii. 480), that they were taken do^^^l at the cap-

ture of Mecca by the Prophet. But in that case we should

expect some hint of the occurrence in the circumstantial

biographies of the Prophet, and in the works on the history

of Mecca ; and we find no such thing. That long poems

were vrritten at all at that remote period is improbable in

the extreme. All that we know of the diffu.sion of Arabic

poetry, even up to a time when the art of wTiting had
become far more general than it was before the spread of

Islam, points exclusively to oral tradition. Moreover, it

is quite inconceivable that there should have been either a

guild OT a private individual of such acknowledged taste,

' Ernst Frenkel, An-Kahh6a' Commmtarmr Mu'aUaqa dts Jnruul-

Qais (Halle, 1876), p. viii.'

'

or of such influence, as to bring about a consensus of

opinion in favour of certain poems. Think of the mortal

offence which the canonization of one poet must have given

to his rivals and their tribes ! It was quite another thing^

for an individual to give his own private estimate of the

respective merits of two poets who had appealed to him as

umpire ; or for a number of poets to appear at large gather-

ings, such as the fair of 'OkAz, as candidates for the place

of honour in the estimation of the throng which listened

to their recitations. In short, this legend, so often retailed

by later Arabs, and still more frequently by Europeans,

must be entirely rejected.^ The story is a pure fabrication

based on the name "suspended." The word was taken in

its literal sense ; and as these poems were undoubtedly

prized above all others in after times, the same opinion

was attributed to "the [ancient] Arabs," who were sup-

posed to have given effect to their verdict in the way

already described. A somewhat simpler version, also

given by Nahhds in the passage already cited, is as follows :

" Most of the Arabs were accustomed to meet at 'Ok4z and

recite verses ; then if the king was pleased with any poem,

he said, 'Hang it up, and preserve it among my treasures.'
"

But, cot to mention other difficulties, there was no king of

all the Arabs ; and it is hardly probable that any Arabian

king attended the fair at 'Okdz. The story that the poems

were written in gold has evidently originated in the name

"the golden poems" (literally "the gilded"), a figurative ex-

pression for excellence. We must interpret the designation

" suspended " on the same principle. In all- probability it

means those (poems) which have been raised, on" account of

their value, to a specially honourable position. Another

derivative of the same root is 'ilk, " precious thing."

The selection of these seven poems can scarcely have

been the work of the ancient Arabs at all. It is much
more likely that we owe it to some connoisseur of a later-

date. Now Nahhds says expressly in the same passage :

" The true view of the matter is this :" when HammAd
arrdwiya (HammAd the Ehapsodist) saw how little men
cared for poetry, he collected these seven pieces, urged

people to study them, and said to them :
' These are the

[poems], of renown.' " And this agrees ^ith all our other

information. HammAd (who Lived in the first three quar-

ters of the 8th century a.d.) was perhaps of all men the

one who knew most Arabic poetry by heart. The recita-

tion of poems was his profession. 'To such a rhapsodist

the task of selection is in every way appropriate ; and it

may be assumed that he is responsible also for the some-

what fantastic title of " the suspended."

The collection of HammAd appears to have consisted of

the same seven poems which are found in our modern
editions, composed respectively by Amraalkais, Tarafa,

Zohair, Labld, 'Antara, 'Amr ibn Kolthiim, and HArith

ibn HOliza. These are enumerated both by Ibn 'Abd-

Rabbih, and, on the authority of the older philologists, by

NahhAs ; and all subsequent commentators seem to follow

them. We have, however, evidence of the existence, at

a very early period, of a slightly different arrangement.

Two of the foremost authorities in Arabic poetry are Abii

'Obaida and Mofaddal,—men who for care and accuracy

in preserving the genuine text were far ahead of their much
older contemporary HammAd. Bofh of these inserted a

poem by NAbigha and one by A'shA in place of those of

'Antara and HArith ;
^ and, if our informant has expressed

', Doubts had already been expressed by various scholars, wlmn
Hengstenberg— rigid conservative as he was in theology— openly
challenged it ; and since then it has been controverted at length in.

Ntildeke's BdlrHye zur Kenniniss der Poesic der altcn Arabcr {H^n-
over, 1864), p. xvii. sqq. Our highest authority on Arabic poetry,

Professor Ahlwardt, concurs in this conclusion ; see his Betnerkungcay

iiUr die Aechlhtit der alien arabischen Oedichle <1872), p. 25 sj.

' The passage is cited by Nbldeke, Seilrdije, p. xx, sq.
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liimselt correctly, they also called this modified collection

Moallak&t. Mofaddal employs, besides, the names "the
seven long [poems] " and " the necklaces." This last be-

came afterwards a common title for the seven poems.

The comparison of songs to strings of pearls is a very apt

one, from the nature of the Arabic poem, composed as it

is of .separate loosely-connected parts. Hence it became

so popular that even in ordinary prose to speak in rh3rth-

mical form is called simply nazm, "to string pearls."

Mofaddal expressly opposes the view of those who did not

acknowledge the pre-eminence of the seven poets selected

by him. This' appears to be an attack on Hammdd for

including in his collection the works of two men who for

poetic fame could certainly never enter the lists vfith

NAbigha and A'shi. It is prima fade more likely that a

later writer should have replaced the less famous poets by
those who were universally placed in the first rank, than

vice versa. Perhaps another fact is of some importance

here. Hammid, a Persian by descent, was a client of the

Arab tribe, Bakr ibn W4il. In the heathen period this

tribe was much at war with the closely - related tribe

Taghlib. Now of all Arabic poems none was more famous

than that in ^which "Amr ibn Kolthiim celebrates in

glowing terms the praises of. his tribe Taghlib. If,

therefore, Hammdd's collection embraced this poem, it was

very natural for him to gratify his patrons the Bakrites

by placing alongside of it that of H4rith—a Bakrite and

contemporary of 'Amr—where he extols his own tribe and

assails the Taghlibites with bitter scorn. Such considera-

tions did not affect Abii 'Obaida and Mofaddal.

The authority of these men has so far prevailed that

the poems of their favourites Ndbigha and A'shd often

appear in the manuscripts, not indeed instead of those of

"Antara and Hirith, but after the other seven. Thus we
sometimes read of nitie Mo'aUakdt. The first author in

whom the writer has observed this is the great philosophic

historian Ibn Khaldiln (a.d. 1332-1406); he mentions

instead of Hdrith the far more celebrated 'Alkama

;

whether relying on ancient authority, or by an oversight,

we cannot tell. In an excellent collection of forty-nine

long poems by Abii Zaid al-Korashl (date unknown)

Mofaddal's seven poets appear in the first class, "the

necklaces;" but Nibigha and A'shA are each represented

by a different piece from that usually reckoned among the

Mo'aUak^t. By this editor the name "golden poems,"

which, as we have seen, sometimes occurs as a synonym of

" Mo'allakdt," is applied to seven quite distinct songs.i

This uncertainty as to the selection and the titles may
serve as an additional proof that the " suspension," on the

Ka'ba or anywhere else, is a fable.

The lives of these seven (or nine) poets were spread

over a period of more than a hundred years. The earliest

•of them, according to the common and probably correct

opinion, was Amxaalkais (pronou.nced also Imroolkais,

Imraalkais, &c.), regarded by many as the most illustrious

of Arabian poets. His exact date cannot be determined

;

but probably the best part of his career fell vrithin' the

first half of the 6th century. He was a scion of the royal

house of the tribe Kinda, which lost all its power at the

death of King Hiirith ibn "Amr in the year 529.^ The
poet's royal father, Hojr, by some accounts a son of this

Hirith, was killed by Bedouins. The son led an adven-

turous life as a refugee, now with one tribe, now with

another, and appears to have died.young. The anecdotes

related of him—which, however, ars very untrustworthy

in detail—as well as his poems, imply that the glorious

• See Ndldelce, BeitT&ge, p. xii., and the catologne of the Arabic

•coclJ. in tbe British Museum, p. 480 sqq.

2 See faban's Geschkhte der Perser und Arater . . . iiieraetzi Wit

3"i. Ncldeke (Leyden, 1879), P- 171-

memory of his nouse and the hatred it inspired were still

comparatively fresh, and therefore recent.

The Mo'allaka of 'Amk hurls defiance against the king
of Hlra, 'Amr son of Mundhir, who reigned from thd

summer of 554 tiU 568 or 569, and was afterwards slain

by our poet.* This prince is also' addressed by HiniTH in

his Mo'allaka. Of Tabafa, who is said to have attained

no great age, a few satirical verses have been preserved,

directed against this same king. This agrees with the

fact that a grandson of the Kais ibn KhAlid, mentioned as

a rich and influential man in Tarafa's Mo'aUaka (v. 80 or

81), figured at the time of the battle of Dhii Kdr, in which
the tribe Bakr routed a Persian army. This battle falls

between a.d. 604 and 610 (Noldeke's Tahari, p. 311).

The Mo'aUaka of 'Antaea and that of Zohaie contain

allusions to the feuds of the kindred tribes 'Abs and
DhobyAn. Famous as these contests were, their time cannot
be ascertained. But the date of the two poets can be approxi-

mately determined from other data. Ka'b, son of Zohair,

composed first a satire, and then, in the year 630, a eulogy

<5n the Prophet ; another son, Bojair, had begun, some-
what sooner, to celebrate Mohammed. 'Antara killed the

grandfather of the Ahnaf ibn Kais who died at an advanced
age in a.d. 686 or 687 ; he outlived 'AbdaUdh ibn Simma,
whose brother Doraid was a very old man when he fell in

battle against the Prophet (early in a.d. 630) ; and he had
communications with Ward, whose son, the poet 'Orwa, may
perhaps have survived the flight of Mohammed to Medina.

From all these indications we may place the productive

period of both poets in the end of the 6th century.^ The
historical background of 'Antara's Mo'allalja seems to lie

somewhat earlier than that of Zohair's.

To the same period appears to belong the poem of

'Alkama, which, as we have seen, Ibn Khaldiin reckons

amongst the Mo'allakAt. This too is certainly the date

of NAbigha, who was one of the most distinguished of

Arabic poets. For in the poem often reckoned as a
Mo'aUaka, as in many others, he addresses himself to the

above-named No'mdn, king of Hira, who reigned in the

two last decades of the 6th century. The same king is

mentioned as a contemporary in one of 'Alkama's poems.

The poem of A'sha, which Mofaddal placed among the

Mo'allakit, contains an allusion to the battle of Dhil K4r
(under the name "Battle of Hinw," v. 62). This poet,

not less famous than NAbigha, Lived to compose a poem
in honour of Mohammed, and died not long before a.d,

630.

LabId is tbe only one of these poets who embraced Islanx.

His Mo'aUaka, however, like almost aU his other poetical

works, belongs to the pagan period. He is said to have

Uved tiU 661 or even later ; certainly it is true of him,

what is asserted with less likelihood of several others of

these poets, that he lived to a ripe old age.

We have already mentioned that the old Arabic poetry

was transmitted not by manuscripts but simply through

oral tradition. Many pieces, especiaUy the shorter ones,

may have owed their preservation to their hold on the

popular memory. But; fortunately, there was a class of

men who made it their special business to learn by rote,

and repeat, the works either of a single poet or of several

The poets themselves used the services of such rhapso-

dists (rdwls). The last representative of this class is

HammAd, the man who formed the coUection of Mo'alla-

kdt ; but he, at the same time, marks the transition from

» See Noldeke's TabaH, pp. 170, 172.
'

* This evidence might bo supplemented from a poem in Zohair's

name, whose author describes liimself as a man of ninety years, and

in which the downfall of King No'mdn of Hira (a.d. 601, see TViioH,

p. 347) is spoken of as a not very recent event. But the genuineneai

of this poem is more than doubtful (see Alilwardt, op. cit. p. 64, and C.

J. Lyall in the Acadeviy, March 13, 2830, p. 192).

16-20''
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tho rliapsodist to tho critic and scholar. Now, when -we

consider that raoro than a century—in some cases two

centuries—elapsed before the poems were fixed by literary

men, wo must be prepared to find that they have not

retained their original form unaltered. The most favour-

able opinion of the rhapsodists would require us to make

allowance for occasional mistakes; expressions would be

interchanged, the order of verses disarranged, passages

omitted, and probably portions of difi'erent poems pieced

'ogether. The loose structure of the ancient poems ren-

dered them peculiarly liable to corruptions of this kind.

But the fact is that Hammdd in particular dealt in the

most arbitrary fashion with the enormous quantity of

poetry which he professed to know thoroughly. He is

even charged with falsifications of all sorts in this depart-

ment. Of others, again—and notably of the great philolo-

gist Khalaf, " the Red "—it is credibly reported that they

used their intimate knowledge of the style and language

of the ancients to pass off whole poems of their own

making as the productions of earlier authors. The worst

anticijiations are only too completely confirmed by an

examination of such pieces as are still preserved, as is

shown most conclusively in Ahlwardt's.fifmerAT/nyen, already

cited. The seven Mo'allalfAt are indeed free from the sus-

picion of forgery, but even in them verses are frequently

transposed ; in all there are lacunas ; and probably all

contain verses which do not belong to them. Some of

them have more than one introduction. This is the case

even with the poem of 'Amr, although, as the finest pane-

gyric of his very powerful tribe, it must have had a wide

circulation. The true introduction begins at v. 9 ; before

that we find another which certainly does not belong to

this poem, and can hardly be the work of the same poet.

'Amr lived in the desert- regions near the lower Euphrates,

under the Persian dominion ; whereas the author of v. 8

boasts of his carousals in several parts of Roman Syria,

and in v. 1 he speaks of drinking wine from a place in

Northern Syria. It is evident that all attempts to restore

the original order, to fill up blanks, or to remove interpola-

tions, can only be carried to a certain degree of probability

at the best ; there must always be a large subjective ele-

ment in judgments on points of the kind. Still less can

we hope to discover and rectify the minor changes, in single

elcpressions or grammatical forms, which the text may have

undergone before it was fixed in WTiting. It may be re-

marked in this connexion that where any ancient song has

been transmitted through two different grammatical schools

it generally appears in two considerably divergent forms,

each having been taken dovra from the lips of a separate

riwi. Of secondary importance are the errors due to

later copyists. Considerable as these often are, we are, at

least in many cases, better able to correct them.

Even the masters of old Arabian poetry do not exhibit

such characteristic differences in their general manner and
style as to leave in the mind a clear idea of their indivi-

duality. A few distinct poetic types emerge, but the great

majority of these poets present a somewhat monotonous
aspect to the Western scholar, who indeed can at best have

but a very imperfect feeling for nuatices of style in this field.

But if we are thus unable to isolate the various constituent

parts of this poetical literature, and pass a critical opinion

on each, we do get from this literature, as a whole, what
is of far greater importance than an a;sthetic estimate of

this or that particular poet, viz. a poetic picture of the

whole life and activity of that remarkable people which,

amid the endless agitation and endless sameness of its

existence, and in an extremely inhospitable region, was
preparing one of the mightiest revolutions in the history

of the world. This collective impression is hardly impaired

by the involuntary alterations made by the rilwls; nor Is

it greatly distorted by the forgers of the 2d century of

Islam, who were thoroughly familiar with the spirit and

style of antiquity, and seldom did violence to them.

The critics of the 2d and 3d centuries a.h. unani-

mously ranked the poets of the heathen period above

those of Islam ; and in that verdict we must concur. The

older Moslem poets were for the most part nere Epigoni,

content, for better or worse, to borrow the style of their

pagan predecessors. It is only natural, therefore, that the

seven best poems should have been selected from the pro-

ductions of heatherism. But how these particular seven

came to be fixed upon, it is difficult to decide. It is

remarkable that people who knew thousands of such poems

should have agreed as to the superiority of five, and only

differed about two. No doubt the selection was greatly

influenced by the widely-established reputation of certain

poets, like Amraalkais, Zohair, and Tarafa ; while in other

cases single poems, such as that of 'Amr, stood in high

repute for special reasons. Still, even we, with a much
narrower range of selection, should hardly pick out these

seven as the finest. In all probability our choice would

not light on a single one of them. The truth is, our

aesthetic ideal is essentially different from that of those

old litterateurs. And, while we may certainly consider our

own taste, formed on the model of the Greeks and the best

of the moderns, to be on the whole purer than theirs, we

must not forget that they had the advantage of perfect

knowledge of the language and the subject-matter, and

could thus perceive a multitude of beautiful and delicate

touches, which we either miss entirely or realize vrith labo-

rious effort. The world of the old Arabian poet lay at an

infinite remove from ours. His mental horizon was narrow

;

but within that horizon every minute detail was seized

and designated with precision. Among the nomads, for

example, the smallest point of the horse or camel that

the eye can see has its importance ; the language has pre-

cise and generally understood words for them all, where

ours has only technical terms. It is the same with all the

physical properties of the animal—its paces, etc. Thus,

when a poet faithfully described the exterior and the

deportment of his camel, that was to his hearers—and the

same is true of later critics—a genuine pleasure, because

the description conveyed to them a definite pictorial im-

pression. But we do not understand the details of the

picture; or, when at best with all the resources of tradition

and natural history we have gained some tolerable compre-

hension of them, the whole still leaves us indifferent. A
camel to us is simply not a poetical object ; and even a

horse ceases to be aesthetically interesting—except perhaps

to a sportsman—when one is asked to go over his poiuts

in detail. For this reasou we are apt to find a great part

of Tarafa's Mo'allaka, and many parts of the poems of

Amraalkais, viewed as poetry, distasteful rather than
interesting. More attractive are the descriptions of the
life and habits of wild animals in the desert, such as the
wild ass and some species of antelope, which the poets are

fond of introducing (see, e.ff., the Mo'allaka of Labfd).
There are also many vivid sketches from nature to be met
with,—nature,' of course, as seen in the very monotonous
Arabian landscape. Monotony, indeed, is a predominant
characteristic of this poetry. When one first reads poems
where the bard begins by shedding tears over the scarcely

perceptible traces of the dwelling of his beloved in years
gone by, one's sympathy is aroused. But when poem after

p6em is found to commence with the same scene, and pos-

sibly with almost the same words, the emotion is somewhat
damped. No doubt such occurrences must really have
been very common in the nomad life ; nevertheless the
suspicion becomes at last irresistible that for tho most

I part all this is pure fiction. Nor can we be sure that ths
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poets are always to be taken au serintx when they describe

those carousals, and other adventures in peace and war, of

which they love to boast. They are probably more serious

in the narratives of their love experiences : these are often

very highly coloured, and yet are always pervaded by a

certain natural refinement, which is too often wanting in the

later erotic poetry of the Moslems. But there, too, our enjoy-

ment is frequently marred by minute and even prosy de-

scriptions of the phj'sical charms of the object of affection.

The lyrical and even the more rhetorical passages of the

poems make in general a deeper impression upon us than

the descriptive portions, to which they owe their distinctive

character, and which are often intimately blended with the

forraer. When those old Arabs are really moved by love,

or I age, or grief, when personal or tribal vanity vents itself

in immoderate boasting, invective, or banter, then they

strike chords that thrill our breasts. In those passages

where genuine human feeling is stirred, they also display

far greater individuality than in the more conventional

descriptions. Especially affecting are the numerous pass-

ages or complete poems which mourn over the beloved

and venerated dead. Their sober practical philosophy too,

fts it is presented in the Mo'allaka of Zohair and in many
of Lab/d's poems, is really impressive.

The Mo'allakdt are highly characteristic specimens of this

poetry. They exhibit nearly aU its merits as well as most
of its defects. Amongst its merits we ought, perhaps, to

tmlude the unfailing regularity of the verse. That a people

living under such extremely simple conditions should have
oiltivated a purely quantitative metre, so euphonious and
so rigorously adhered to, is a fact worthy of our highest

admiration. It is one evidence of that sense of measure
and fixed form which is, in other directions also, a marked
feature in the life and speech of the Arabs. The mere fact

that in their verses they give so much attention to elegance

of expression deserves commendation. Amongst the defects

of this poetry we must emphasize the loose connexion

between the separate parts. We require a poem, like any
other work of art, to be a compact unity ; the Arabs and
many other Orientals lay all the stress on the details. In
the Mo'allaka of Tarafa, for instance, after the poet has

spoken long enough about his beloved, he starts off in this

fashion :
" But I banish care when it comes near with a "—

•

she-camel of such and such qualities, and then proceeds

to give a description of his riding-camel. Equally abrupt

transitions occur in almost all these poems, generally more
than once in the same poem. In many cases a sort of imity

is preserved by making the different sections represent so

many scenes from the life of the poet or from the common
life of the Bedouins ; but even then there is something

unsatisfactory in the want of real connexion. It does not

m«nd matters much when the poet keeps up a merely

mechanical transition ; as, for example, when he speaks

first of his camel, then with the words "it is as swift as a

wild ass which," ic, passes to a description of that animal,

and again proceeds, " or as swift as an ostrich which," &c.,

in order to introduce the ostrich.

This loose structure of the poems explains the fact that

from a very early period particular pieces were culled from

larger works and recited by themselves. . For the town-

Arabs of later times this procedure was especially convenient.

For them the wild ass or oryx-antelope had little attraction

;

and on the camel they bestowed about as much notice as

we do on our dray-horses and waggons. But. the love and
hate, the pride and scorn, the fierce lust of revenge and the

wailing grief, the bravery and the gaiety, which breathed

through the old Bedouin songs, had an intense fascination

for them. We see that their attitude towards that poetry

had in some degree approximated to our own. Hence it is

that .some anthologies from thp old poetry, made by men

of learning and ability, with an eye to contemporary tastes,

are on the whole much more pleasing to us than the com-
plete poems themselves. This is eminently true oi the
excellent collection edited by Abii Tammdm, himself a con-
siderable poet (first half of the 9th century), under the
title " Hamdsa " (Valour). Th js collection, which, however,
embraces many pieces of the Moslem period, is certainly

fitted to give a European a rather too favourable idea of

ancient Arabic poetry. Whoever wishes really to know
that poetrj-—and without this knowledge it is impossible
to understand the Arabs themselves or their language

—

must betake himself to those which, like the Mo'allaljAt and
others, have been preserved more or less in their integrity.

The Mo'allakat have been repeatedly printed, separately and
collectively, both ia the West and the East, generally with an
Arabic commentary. A good commentary by a competent European
is a real desideratum. A work of this kind would do more for tho
understanding of the poems than any poetical translation, which
must always fail in rendering these definite concrete expressions of
the Arabs for which we possess neither the idea nor the image. A
translation must either be a mere paraphrase or else substitute some-
thing utterly vague. (TH. N.)

MOBILE, a city and port of entry of the United States,

the capital of Mobile county, and, though not the capital,

the largest city of Alabama, Lies 140 miles east of New
Orleans, on a sandy plain on the west bank of Mobile
river, one of the arms of the Alabama. The municipal
boundary includes an area about 6 miles long by 2

or 3 in breadth ; but, excluding the suburban villas

scattered about the nearer hills, the portion occupied by
the buildings of the city proper is not more than a mile

square. In the matter ofi> paving and shade the streets

are generally good, and Government Street especially,

with its fine oak trees and gardens, forms an attractive

promenade. Besides the spacious granite building erected

in 1859 to accommodate the Custom-House, the Post Office,

and the United States courts, the principal edifices are the

Roman Catholic cathedral of the Immaculate Conception

(1833), Christ Church (Episcopal) (1837), the City Hos-
pital (1830), the United States Marine Hospital (1836),
the Providence Infirmary, the conjoint market-house and
municipal buildings. Barton Academy (occupied by tha

high schools), and the Alabama Medical College (founded

in 1859). About 6 miles out, at Spring Hill, is the

Jesuit College of St Joseph, estabhshed by Bishop Portier

in 1832. As a commerciikl centre Mobile is in some re-

spects very favourably situated. It is the only port of

Alabama ; the estuary on which it stands is the outlet for

several navigable rivers ; and it is the seaward terminus

of the Mobile and Ohio railroad, the Mobile and Mont-

gomery, and the Grand Trunk. But, on the other hand,

it lies 25 miles from the coast ; the lagoon-like bay cut

off from the Gulf of Mexico by the narrow isthmus of

Mobile Point is extremely shallow; and in 1879 no vessel

drawng more than 13 feet could load and unload in

the harbour with safety. Since 1827, it is true, various

works have been undertaken to improve the approaches :

the Choctaw Pass and the Dog Eiver Bar, which had

formerly a depth of little more than 5 and 8 feet

respectively, were deepened to 17 feet by 1882 ; but

Mobile will not take rank as a satisfactory ocean port till

the scheme (now in operation) for constructing a wide

channel more than 20 feet deep right through the bay has

been fuUy carried out. The cost of the necessary works

being beyond the power both of the city and State, Con-

gress has granted §270,000 for the purpose of widening

the channel to 200 feet, and deepening it to 23 feet. A
private company, established in 1876, has built a break-

water in the bay, and greatly increased the safety of the

harbour. For the years between 1855 and 1859 th*

average value of exports and imports was respectively-
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4*23,419,266 and $711,420; the following figures for recent

years show a considerable decline on the total :

—

Yt»ra «nduig In
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ance beyond its graceful form to recommend it ; but the

lively gesticulations it exhibits are very attractive, and
therein its European rival in melody is far surpassed, for

the cock-bird mounts aloft in rapid circling flight, and,

alighting on a conspicuous perch, pours forth his ever-

changing song to the delight of all listeners ; while his

actions in attendance on his mate are playfully demonstra-

tive and equally interest the observer. The Mocking-bird

is moreover of familiar habits, haunting the neighbourhood

of houses, and is therefore a general favourite. The nest

is placed with little regard to concealment, and is not dis-

tinguished by much care in its construction. The eggs,

from three to six in number, are of a pale bluish-green,

blotched and spotted with light yellowish-brown. They,

as well as the young, are much sought after by snakes, but

the parents are often successful in repelling these deadly

enemies, and are always ready to wage war against any
intruder on their precincts, be it man, cat, or hawk. Their

food is various, consisting of berries, seeds, and insects.

Some twelve or fourteen other species of Mi7nus have been recog-

nized, mostly from South Am&rica ; but M. orphcus seems to be

common to some of the Greater Antilles, and M. hilli is peculiar to

Jamaica, while the Bahamas have a local race in M. hahamcnsis.

The so-called Mountain Mocking-bird (Orcoscoples montanus) is a

form not very distant from Mimiis ; but, according to Mr. Rldgway,
it inhabits excl' ~jvely the plains overgrown with Artemisia of the

interior tableland of North America, and is not at all imitative in

its notes, so that it is an instance of a misnomer. Of the various

other genera allied to Mimics, those known in the United States as

Threshers, and belonging to the genus Sarporhynchus—of which
si.^ or eight species are found in North America, and are very

Thrush-like in their habits—must be mentioned ; but there is only
room here to dwell on the Cat-bird {Oaleoscoptcs caroHneiisis), which
is nearly as accomplished an imitator of sounds as its more cele-

brated relative, with at the same time peculiar notes of its own,
from one of which it has gained its popular name. The sooty-grey

colour that, deepening into blackish-brown on the crown and
quills, pervades the whole of its plumage—the lower tail-coverts,

which are of .a deep chestnut, excepted—renders it a conspicuous

object ; and though, for sonae reason or other, far from being a

favourite, it is always willing when undisturbed to become intimate

with men's abodes. It has a much wider range on the American
continent than the Mocking-bird, and is one of the few species that

are resident in Bermuda, while on more than one occasion it is

said to have appeared in Europe.
The nane Mocking-bird, or more frequently Mock-Nightingale,

is in England occasionally given to some of the Wakblers {(J.v.),

especially the Blackcap (Sylvia airicapilla), and the Sedge-bird
(Acrocephaliis scJuenobeenios). In India and Australia the same
name is sometimes applied to other species. (A. N.

)

MODENA, one of the principal cities of Northern Italy,

formerly the capital of a duchy, and still the chief town
of a province and the seat of an archbishop, is situated in

the open country in the south side of the valley of the Po,

between the Secchia to the west and the Panaro to the east.

By rail it is 31 mUes E.S.E. of Parma, 24 W.N.W. of

Bologna, and 37 S. of Mantua. The observatory stands

135 feet above the level of the sea, in 44° 38' 52" N. lat.

and 10° 55' 42" E. long. Dismantled since 1816, and now
largely converted into promenades, the fortifications still

give the city an irregular pentagonal contour, modified at

the north-west corner by the addition of a citadel also penta-

gonal. Within this circuit there are various open areas

—

the spacious Piazza d'Armi in front of the citadel, the

public gardens in the north-east of the city, the Piazza

Grande in front of the cathedral, and the Piazza Reale to

the south of the palace. The -iEnulianWay crosses obliquely

right through the heart of the city, from the Bologna Gate in

the east to that of Sant' Agostino in the west. Commenced
by the countess Matilda in 1099, after the designs of

Lanfranc, and consecrated in 1184, the cathedral (St

Geminian's) is a low but handsome building, with a lofty

crypt, three eastern apses, and a facade still preserving some
curious sculptures of the 12th and 15th centuries. The
bell-tower, named La Ghirlandina from the bronze garland

surrounding the weathercock, is lined with white marble,

and iz 315 feet high; in the basement may be seen the

wooden bucket captured by the Modencse from the Bo-

lognese in the affray at Zappolino (1325), and rendered

famous by Tassoni's Secchia Iia]}ita. Of the other churches

in Modena, San Pietro has terra-cottas by the local artist

BegareUi, and S. Agostino (now S. Michelo) contains the

tomb of Sigonius and the tombstone of Mm-atori. The old

ducal palace, begun by Duke Francis I. in 1635 from the

designs of Avanzini, and finished by Francis Ferdinand V.,

is an extensive marble building, and now contains the

library (Bib. Palatina, see vol. xiv. p. 530), picture-gallery,

and museum. Many of the best pictures in the ducal

collection were sold in the 18th century, and found their

way to Dresden. The valuable ifuseo Lapidarlo in a

building near Porta Sant' Agostino is well knoivn to the

Plan of Modena.

1. Museo Lapidario. | 4. S. Domenico. I 7. Cathedral.

2. S. Agostino. 5. Roval Palaw. 8. Campanile Ghu-Iandina.

3. Academy of Fine Arts. 6. Archbishop's Palace.
I
9. Uuiveraity.

10. 8. Pietro.

classical antiquary through Cavedoni's Dickiaranone degli

antichi marmi Modenesi (1828), and the supplements in the

Memoirs of the Academy, vol. ix., &c. The university of

Modena, originally founded in 1683 by Francis 11., is

mainly a medical and legal school, but has also a faculty

of physical and mathematical , science. It has about

twenty-five professors, and from 200 to 250 students ; a

library of 20,000 volumes, an observatory, botanical gar-

dens, an ethnographical museum, &c. The old academy

of the Dissonanti, dating from 1684, was restored by

Francis in 1814,' and now forms the flourishing Royal

Academy of Science and Art (Memoirs since 1833); and

there are besides in the city an Italian Society of Science

founded by Anton Mario Lorgna, an academy of fine

arts, a military college (1859), an important agricultural

college, and a lyceimi and gymnasium, both named after

Muratori. In industrial enterprise the Modenese show but

little activity, silk and linen goods and iron-wares being

almost the only products of any note. Commerce is

stimulated by a good position in the railway system, and

by a canal which opens a water-vray by the Panaro and

the Po to the Adriatic. The population of the city was

32,248 in 1861, and 30,854 in 1871 ; that of the com-

mune 55,512 in 1861, and 58,058 in 1881.

The Duchy of Modena, an independent sovereign state
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(1452 to 1859), ultimately extended fmm tlio Po to the

Mediterranean, and was bounded N. by Lombardy and the

Papal States, E. by the Papal States and Tuscany, S. by

Tuscany, Sardinia, and the Mediterranean, and W. by

Sardinia and the duchy of Parma. Its greatest length,

from Porto -Vecchio, on its northern frontier towards Man-

tua, to the ouMet of the Parmignola torrent, on the Sardinian

frontier, was 84 i miles; and its greatest width, from the

pass of Calama, on the Papal and Tuscan frontier, to the

right bank of the Enza, on the frontier of Parma, was 37

miles. The area was 2"371 square miles, of which three-

fifths were mountainous. In 1855 the population was

606,159. The duchy had six pro-*nnces—Modena, Eeggio,

Guastalla, Frignano, Garfagnana, Massa-Carrara.

-• Modena is the ancient Mutina, which was annexed by tha Romans
alongwith the rest of the territory of the Boii In 183 B.c. Mutina

became the scat of a Roman colony. During the civil wars Marcus

Bnitus held out within its walls against Pompcius in 78 B.C., and

in H B.C. the place was defended by D. Brutus against H. Antony.

The 4th century found Mutina in a state of decay ; the ravages of

Attila and the tioables of the Lombard period left it a ruined city

in a wasted land. In the 8th century its exiles founded, at a dis-

tance of 4 miles to the north-west, a new city, Citta Geminiano (still

represented by the village of Cittanova) ; but about the close of

the 9th century Modena was restored and refortified by its bishop,

Laedoinus. When it began to build its cathedral (1099 A.D.) the

city was part of the possessions of the countess Matilda of Tuscany

;

but when, in 1184, the edifice was consecrated by Lucius III., it

was a free community. In the wars between Frederick II. and

Gregory IX. it sided with the emperor, though ultimately the papal

party was strong enough to introduce confusion into its policy. In

1288 Obizzo d'Este was recognized a.^ lord of tha city ; after the

death of his successor, Azzo VIII. (1308), it resiuncd its communal
independence ; but by 1336 the Este family was again in power.

Constituted a duchy in 1452 in favour of Borso d'Este, and enlarged

and strengthened by Hercules II., it became the ducal residence on
the incorporation ol Ferrara with the States of the Church (1598).

Francis I. (1629-1658) erected the citadel and commenced the palace,

which was largely embellished by Francis II. Einaldo {ob. 1737)

was twice driven from his city by French invasion. To Francis III.

(1698-1780) the city was indebted for many of its public buildings.

Hercules III. (1727-1803) saw his states transformed by the French
into the Cispadine Republic, and, having refused the principality

of Breisgau and Ortenau, offered him in compensation by the treaty

ofCampo Formio, died an exile at Treviso. His only daughter, Maria
Beatrice, married Ferdinand of Austria (son of Maria Theresa), and
in 1814 theircldest son, Ferdinand, received back the Stall EsUnsi.

His rule was subservient to Austria, reactionary, and despotic. On
the outbreak of the French Revolution of 1830, Francis IV.seemed for

a timodisposed to encourage the corresponding movement in Modena;
bat no sooner had the Austrian army put an end to the insurrection

in Central Italy than he retiuTicd to his previous policy. Francis

Ferdinand V., who succeeded in 1846, followed in the main his

father's example. Obliged to leave the city in 1848, he was restored

by tha Austrians in 1849 ; ten years later, on 20th August 1859,

the representatives of the Modenese, under the direction of Carlo

Farini, declared their territory part of the kingdom of Italy, and
their decision was confirmed by the plebiscite of 1860.

Nativw of Modena are Fallopius the anatomist, Tarquinia

Molza, Sadolctius, Sigonius, Tassoni, and Cavcdoni the archaeologist

;

the names of Zaccaria, Tiraboschi, and Muratori are associated with

its library. Tiraboschi's Billiothcca ilodenmsis, 6 vols., contains

an account of dl the literary personages of the duchy.
Bee TedriAni, Stoma di Ifodeiro, 16C0 ; Tiraboschi, Hem siortcht nodtntsi^

1793 ; Scharfcnberg, CtscK du Eenogth. ilodtna, 1859 ; Oreste Raggt, Modena
daerilla, 1800 ; BaraMl, Storia di Modena; ValdrlKhl, Viz. StorUo, <tc., ditle

ccniradt di Modena, 1 B79-80 ; CrespeUanI, Ctiida di Modena, 1879 ; Galvanl, Mem.
$tcr, intomo la vita di Franatao iV^, 4 vols.

MODICA, a city of Italy, in the province of Syracuse

in Sicily, 8 miles from the south coast, on the line of rail-

way decreed in 1879 between Syracuse and Licata. It

has increased its communal pOplUation from 30,647 in 1861

to 41,231 in 1881, and is a well-built and flourishing place.

Of note among the public buildings are the old castle on

the roci, the mcdijieval convent of the Franciscans, and the

rhurches of S. Maria del Carmine (1150) and S. Maria di

Betlem—this last containing ruins of the ancient temple

destroyed by the earthquake of 1693. Modica is the point

from which the remarkable prehistoric tomb and dwelling-

caves of Val dlspica are usually visited. An early de-

pendency of Syracuse Motvca or Mutyca was in Cicero's

days a fairly important municipium. In modem times it

was held as a countship by the dukes of Alba. Placido

Caraffa has written a prolix history of the city, which may
be found in Graevius, Thes. Ant. et Hist. ItaL, vol xii.

MOK, JoRGEN ExcEBRETSzN (1813-1882), Norwegian

poet and comparative mythologist, was born at Hole in

Sigdal, Eingerike, Norway, on 22d April 1813, and entered

the university of Christiania as a theological student at the

age of seventeen. After leaving the university in 1839 he

acted as tutor in various schools and families, and in 1845

was appointed professor of theology in the Military School

of Norway, which post he held imtU 1853, when he became

resident chaplain in his native parish of SigdaL In 1863 he

received the living of Bragernses, Drammen ; in 1870 that

of Vest Aker, near Christiania; and in 1875 the bishopric

of Christiansand, where he died on 27th March 1882.

Moe's first publication was a volume of Norse "songs, ballads,

and staves," which appeared in 184fl ; it was followed in 1841 by
the Korshe Folke-eventyr (Norwegian Popxilar Tales), which he had
collected along with his schoolfellow Asbjbrnsen. The work excited

such interest as a contribution to the study of comparative mythology
that in 1847 he was sent by the Government through Thelemark

and Satersdal to increase his collection of stories. The second

(enlarged) edition, with a preface by Moc, appeared in 1852. In

1851 his I £rd7iden og i Tjernet (In the Well and in the Tarn), a

delightful collection of prose stories for children, appeared, and it

was followed in 1859 by a volume ofpoems entitled £ii liden JuUgavt
(A Little Christmas Present). In 1877 he prepared a collected

edition of his works in two volumes, the stories he had published

along with Asbjomsen being excluded. Many of the Folke-eventyr

(Popular Talcs from the A'arse) were tran^ted by Sir George
Dasent in 1859.

MCESIA (in Greek Mysia, or, to distinguish it from the

country of the same name in Asia, Mysia in Europe), in

ancient geography the territory immediately to the south of

the Danube corresponding in the main to Ser^ ia and Bul-

garia. It became a Roman province between 27 B.C. and
6 A.D., probably about 16 b.c' In the time of Tiberius

and Caius the province was under the same governor with

Macedonia and Achaia. It was divided by Domitian into

two provinces, Moesia Superior (Servia) and Moesia Inferior

(Bulgaria) ; and the same emperor completed the great

military road along the line of the Danube, increased the

strength of the Roman forces in the country, and, by the

conquest of Dacia, saved it from the inroads by which it

had been harassed from the time of Tiberius. The Goths
invaded Moesia in 250 A.D., and at last, in 395, a number
of them, afterwards known as Moesogoths, obtained per-

mission to settle in the province. The Slavonians and
Bulgarians appear in the 7th century.

.

The boundary between Upper and Lower Ifoesia was not marked,
as Ptolemy (iiL 9, 10) states, by the river Cebrus or Ciibrus
(Cibritza or Zibru), but, as may be inferred from an inscription (6125,

C. Inscr. Lat., vol. iiL 2, additamcnta), lay between Almus (Lom)
and Ratiaria (Artcher). Upper Mcesia, or, as it was often called,

Mcosia Prima, contained— feingidunum (Belgrade), headquarters
of Legio IV. Flavia, and in the 3d century a colonia ; Viminacium
(Kostolatz), headquarters of Leg. TII. CJaud., and designated some-
times municipium .ffilium, but more usually colonia (a rank bestowed
on it by Gordianus) ; Bononia (Widin) ; Ratiaria, which, on the loss

of Dacia, became the headquarters of Leg. XIII. gemina, and
remained a large town till it was destroyed by Attila ; Remesiana
(Mustapha Pasha Palanka), which has furnished inscriptions belong-
ing to the unidentified Ulpiana ; and Naissus (Nissa or Nish), the
birthplace of Constantine tne Great. Lower Moesia (Mcesia Secunda)
contained—Oescus (Colonia Ulpia, mocf. Gigen), headquarters, after

loss of Dacia, of Leg. V. Maced. ; Nova (Sistova), at a late date a
camp of Leg. I. ItaL, and afterwards chief seat of Theodorio king
of tha Goths ; Nicopolis ad Istnun (Nikup), really on the latrus or
Yantra, a memorial of Trajan's victory over the Dacians ; Pristra
(Rustehi»k), Asamtis (Nicopoli on the Osma), Darostorum (Silistria),

Odessus (Varna), Tomi (Kustendje), Troesmis (Iglitza).
See Boesler, Romanische Studien, 1871; Pfltzner. CescK der Jtom. Kaiser-

tegionen, 1681, pp. )62.1fl; Hahn, to Bkschr. K. Ak. der Wis}., Ph. H. Cl»
Vienna, 1861, p. 228.

_
MOFFAT, a health resort of some note in Scotland, is

situated in Upper AnuauJile, Dumfriesshire, occupying an

' See A. W. Zvmpt, Commentct. Epigraph., ii. 253 eqj.
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tigreeable position at the base of the Gallow Rill, 63 miles

from Edinburgh, and 42 miles from Carlisle by raOway.

The Spa, which is IJ miles above the town (525 feet

above Bea.-level), is sulphureous with some saline ingre-

dients, and is used in gout, rheumatism, and dyspepsia.

Population (1881) 2161 ; in the season about 4000.

MOFFAT, RoBEET, D.D. (1795-1883), African mission-

ary, was born at Ormiston, Haddingtonshire, Scotland, on

21st December 1795, of humble parentage. MofiFat learned

the craft of gardening, but in 1814 offered himself to the

London Missionary Society, who, in 1816, sent him out to

South Africa. After spending a year in Namaqua Land,

with the powerful and dreaded chief Africaner, whom he

converted, Moffat returned to Cape Town in 1819, and

married Miss Mary Smith, a remarkable woman and most

helpful wife. In 1820 Moffat and his wife left the Cape
and proceeded to Griqua Town, and ultimately settled at

Kuruman, among the Bechuana tribes lying to the west of

the Vaal river. Here he worked as a missionary till 1870,

when he reluctantly returned finally to his native land. He
made frequent journeys into the neighbouring regions, as

far north as the Matabele country, to the south of the

Zambesi. The results of these journeys he communicated

to the Eoyal Geographical Society (Jour. E. G. S., xxv.

xiviii., and Froc. ii.), and when in England in 1842 he

published his well-known Missionary Labours and Scenes

in South Africa. Single-hacded he itfanslated the whole

of the Bible into Bechuana. While solicitous to turn the

people to Christian belief and practice, Moffat was perhaps

the first to take a broad view of the missionary function,

and to realize the importance of inducing the savage to

adopt the arts of civilization. He himself was builder,

carpenter, smith, gardener, farmer, all in one, and by pre-

cept and example he succeeded in turning a horde of

bloodthirsty savages into a "people appreciating and

cultivating the arts and habits of civilized life, with a

written language of their own." Now we find more or less

Christianized communities extending from Kuruman to

near the Zambesi. Moffat met with incredible discourage-

ment and dangers at first, which he overcame by his strong

faith, determination, and genial humour. It was largely

due to him that the work of Livingstone, his son-in-law,

took the direction which it did. On his return to England,

Moffat received a testimonial of about £6000. He died

at Leigh, near Tunbridge Wells, 9th Aug. 1883.

See Scenes and Services in South Africa, the Story of Moffat's

Missionary Labours, London, 1876 ; and publications of the London

Missionary and the B. and F. Bible Societies,

MOGADOR, or Sueeah (Berber Tasurt), the most

southern seaport town on the Atlantic coast of Morocco,

and the capital of the province of Haha, stands from 10

to 20 feet above high water on a projecting ridge of cal-

careous sandstone in 31° 30' N. lat. and 10° 44' W. long.

In certain states of wind and sea it is turned almost into

an island, and a sea-waU protects the road to Saffi. The

streets are regular and, for a Moorish town, broad and clean.

Within the walls there are three distinct divisions : the

citadels old and new with the government buildings ; to

the north-west the outer town with its spacious markets

in the centre ; and at the north-west comer the Mellah,

or Jews' qua.-ter. In the citadels the houses are fairly

good, and considerable attention is paid to sanitary matters.

Water is brought from the Kseb, about li miles to the

south, by an aqueduct. The prosperity of Mogador is due

to its commerce ; only a few gardens break the barren-

ness of the immediate vicinity. The harbour or roadstead,

though apparently protectad by the island and quarantine

station of Mogador, is extremely dangerous during west

sni south-west winds. Trade is carried on mainly with

Marseilles, London, Gibraltar, and the Canaries,—the prin-

cipal exports being almonds, goat-sluns, gums, olive oil,

and ostrich feathers, and the principal imports cotton goods
(half of the total) and tea. The average value of the ex-

ports for the five years 1877-1881 was about £210,000, the
imports rather less. Attention has been frequently directed

to the value of Mogador as a health resort, especially for

consumptive patients. The climate is remarkably steady

:

mean temperature of the hottest month 71 06, of coldest

month 58-69. The annual rainfall is only 10 or 12 inches,

and the rainy days of winter and spring about 28. The
sirocco is but rarely felt. The population is about 1 5,000
(7000 Jews, about 150 foreigners). Jews, Protestants,

and Roman Catholics have religious edifices in the town.
A place called Mogador is marked in the 1351 Portulan of the Lau-

rentian Library, and the map in Hondius's Atlas Minor shows the
island of Mogador /. Domegador ; but the origin of the present town
is much more recent. Mogador was founded by Sultan Mohammed,
and completed in 1770. The town received from the Moors the

name of Suerah (little picture), while the Portuguese called it after

the shrine of Sidi Mogadul, which lies towards the south half-way

to the village of Diabat, and fonns a ftriking landmark foi seamen.

In 1844 the citadel was bombarded by the French.

MOGHILEFF, a north-western government or province

of the Russian empire, situated on the upper Dnieper,

between the provinces of Vitebsk and Smolensk on the

north and east, Tchemigoff and Minsk on the south and
west. In the north it is occupied by the watershed which

separates the basins of the Dwina and the Dnieper, an

undulating tract from 650 to 900 feet above the sea-level,

and covered nearly everywhere with forests. This water-

shed slopes gently to the south, that is, to the valley of

the Dnieper, which enters the province from the north-

east and flows west and afterwards due south. The
southern part of the province is flat and has much in com-

mon with the Polyesie of the province of Minsk ; it is,

however, more habitable, the marshes being less extensiva

The province is covered by the Tertiary formation ; Devonian
sandstone appears in the north, and Carboniferous limestones in the

east. The soil is mostly sand, clay (brick-clay and potter's-clay ar«

not uncommon), and peat-bogs, with a few patches of "black-

earth." The climate is rude and wet, the average yearly tempera-

ture at the Gorki meteorological observatory being 40° '4 Fahr.

(14°'2 in January, and 63°-8 in July) ; cold nights in summer are

often the cause of bad crops. The province has about 1,140,000

inhabitants (947,625 in 1870), inostly White - Russians (78 per

cent.), belonging to the Greek Church : Jews are numerous (16 per

cent.) ; Poles, belonging mostly to the nobility, make only 3 per

cent, of the population. Agriculture is the chief occupation ;

nearly one half (46 per cent.) of the surface of the province is under

crop ; but, e.\cept after unusually good harvests, corn is imported,

chiefly by the navigable channels of the Dnieper and Sozh. There

are many distilleries on the estates of landowners, and wine-spirit

is exported. The hemp culture is important ; hemp and hemp-

seed oil are exported to Riga. The province has one large paper-

mill, a few iron and copper works, and minor manufactures.

The province of Moghileff is divided into eleven districts, with

the chief towns: Moghileff (40,500 inhabitants), Chausy (4200),

Tcherikoff (3900), Gomel (l-8,030\ Gorki, formerly the seat of an

agricultural institute (5050), Klimovichi (4000), Jlstislavl (6700),

Orsha (5350), Rogachelf (7750), Staryi Bykhoff(5200), and Syenno

(2550). Of about 80 other municipal towns, we name Shkloff

(13,000 inhabitants), Dubrovka (7000), Krichcff (4000).

This province was inhabited in the lOtli century by the Krivichi

and Radimichl In the 14th century it became part of Lithuania

and afterwards of Poland. Russia annexed it in 1772.

Moghileff on the Dkieper, a town of Russia, capital

of the province of same name. It is situated on both

banks of the Dnieper, 40 miles south of the Orsha station

of the railway between Moscow and Warsaw. A railway

along the Dnieper will soon bring Moghileff into railway

communication vrith these capitals.

Moghileff is mentioned for the first time in the 14th century

as a dependency of the Vitebsk, or of the Mstislavl principality.

At the beginning of the 15th century it became the personal

property of the Polish kings. But it was continually plundered

—either by Russians, who attacked it six times during the

16th century, or by Cossacks, who plundered it three times. In

the 1 7th century its inhabitants who belonged to the Greek Church

suffered much from th» persecutions of the Unioa In 16^4
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?f surrendered to Russia, but in 1C61 the Russian garrison ^as

massacred by the inhabitants. In the 18th century it was taken

several times by Russians and by Swedes, and in 1703 Peter I.

order«d it to be destroyed by fire. It was annexed to Russia in

1772. Of 40,500 inhabiunts two-thirds are Jews and the remainder

White-Russians, with a few Poles (2500). Its manufactures are

without importance ; but one branch of trade, namely, the prepa-

ration of skins, has maintained itself for many centuries. Iho
commerce is mostly in the hands of Jews : corn, salt, sugar, and

fish are brought from the south, whilst skins and manufactured

ware imported from Germany (partly by smugglers) are sent to the

southern provinces.

MOGHILEFFoN ^u'£'DsxESTIiJ((^fohilov), adistricttown

if Russia, situated in the province of Podolia, on the left

bank of the Dniester, 87 miles east-south-east of Kamenets-

Podolsk, and 43 miles from the Zhmerinka railway junc-

tion. It has 18,200 inhabitants, nearly one-half of whom
are Jews ; the remainf'<^rare Little Russians, Poles (1500),

and a few Armenian? The Little-Russian inhabitants of

MoghilefiF carry on agriculture, gardening, wine, and mul-

berry culture. The Jews and Armenians are engaged in

a brisk trade with Odessa, to which they send corn, \vine,

spirits, and timber, floated down from (3alicia, as well as

with the interior, to whicli they send manufactured wares

imported from Austria.

Moghileff, named in honour of the Moldavian hospodar Jlohila,

\ras founded by Count Potocki about the end of the 16th century.

Owing to its situation on the highway from Jloldavia to the Ukraine,

at the passage across the Dnieper, it developed rapidly. For more
than 150 years it was disputed by the Cossacks, the Poles, and the

Turks. It remained in the hands of the Poles, aud was annexed
to Russia in 1795. The Cro\vu purchased it from' Count Potocki

in 1806.

MOGILAS, Petrus (c. 1600-1647), metropolitan of

Kieff from 1632, belonged to a noble Wallachian family,

md was born about the year 1600. He studied for some
time at the university of Paris, and first became a monk
in 1625. He was the author of a Catechism (Kieff, 1645)

and other minor works, but is principally celebrated for

the Orthodox Confession, drawn up at his instance by the

abbot Kosslowski of Kieff, approved at a provincial sjTiod

in 1640, and accepted by the patriarchs of Constantinople,

Jerusalem, Alexandria, and Antioch in 1642-3, and by
the s3mod of Jeru.salem in 1672. See Greek Chuuch,
vol. xi. p. 158.

Th»re are numerous editions of the Confession in Russian ; it has
been edited in Greek and Latin by Panagiotes (Amsterdam, 1662),

'

by Hofmann (Lcipsic, 1695), and by Kimmel (Jena, 1843), and
there is a German translation by Frisch (Frankfort, 1727).

MOGUL, or Mughal, Ji*, the Arabic and Persian

form of the word Mongol, usually applied to the Mongol
empire in India. See Ijjdia, vol. xii. p. 793 sqq.

MOHACS, a market town in the Trans-Danubian county
of Baranya, Hungary, stands on the right bank of the west
arm of the Danube, 25 miles east-south-east of Pecs (Funf-
kjrchen), with which it is connected by railway, 45° 58' N.
lat., 18° 37' E. long. At Mohdcs there are several churches
ind schools belonging both to the Roman Catholics and
the Calvinists, also the summer palace of the bishop of

Pics, a monastery, an old cdstle, and a station for steamers
plying on the Danube, by which means a considerable
commerce in wino and the agricultural produce of the
neighbourhood is carried on with Budapest and Vienna.
Not far from Mohdcs are coal mines, and the town is an
important coal depot of the Danubian Steam Navigation
Company. The population in 1880 was 12,047 (Magj-ars,

Serbs, and Germans).
Two great battles fought in the vicinity of the town mark the

commencement and close of the Turkish dominion in Hungary.
In the first, 29th August 1526, the Hungarian army under Louis
II. was 'annihilated by the Ottoman forces hd by Soliman the
Magnificent (see voL xii. p. 369). In the second, 12th August
1687, the Austrians under Charles of Lorraine gained a great and
Jpcisive victory over tlie Turks, whose power was afterwards still

(urther broken by Prince Eugene of Savoy.

MOHAIR is the woolly hair of a variety of the common

or domestic goat inhabiting the regions of Asiatic Turkey,

of which Angora is the centre, whence the animal is known

as the Angcira Goat (see Goat, vol. x. p. 708). Goat's

hair has been known and used as a textile material in the

East from the most remote periods; but neither the Angora

goat nor its wool was known in Western Europe till, in

1655, the animal was described by the naturalist Tourne-

fort. That textures of mohair were in use in England

early in the 18th century is obvious from Pope's allusion :—

" And, when she sees her friend in deep despair.

Observes how much a chintz exceeds mohair."

Owing, however, to the jealous restrictions of the Turkish

power, it was not till 1820 that mohair became a regular

article of import into the United Kingdom. In that year

a few bales came into the market ; but so little was the

material appreciated that it only realized lOd. ^er tt). In

1870 average mohair fleece was selling at five times that

price. From the small beginning of 1820 the imports

gradually waxed, and the trade received a very consider-

able impetus through the introduction in 1836, by Titus

Salt, of the analogous fibre alpaca. The increasing demand
for and value of mohair early stimulated endjavours to

acclimatize the Angora goat in other regions ; but all

European attempts have failed, owing to humid and un-

genial climates. In 1849 a flock was 'taken by Dr J. P.

Davis to the United States of America, and since that

time many fresh drafts have been obtained and distributed

to Virginia and various Southern States, and to California

and Oregon in the west. In these high and dry regions

the goats thrive ; and the flocks in the Western States

now number many thousands. The Angora goat has also

been introduced into the Cape of Good Hope with much
success. The first importation of mohair from the Cape,

made in 1862, amounted to 1036 lb ; and now about one-

tenth of the total British supply is received from that

source. Mohair has also been received in England from
goats reared successfully in Fiji, where they were first in-

troduced in 1874, and there are also thriving flocks in

Australia.

The trade in mohair between Asia Jlinor and western Europe is

controlled in Constantinople. There upwards of twenty varieties
of fleeces are distinguished according to the localities of their pro-
duction, the richest and most lustrous qualities being produced in
hilly and forest regions, while the fleeces from the open plains are
comparatively kempy, coarse, and cottony. From the I^ke Van
district on the eastern borders of Asiatic Turkey a distinct and
inferior variety of wool is obtained. It is known in commerce as
Van mohair, and consists, to the extent of about 70 per cent, of white
wool slightly streaked with black, with 30 per cent, of coloured red
and black wool. At Konieh in the south, also, aniinferior mohair
known as Pelotons is produced, 80 per cent, of which is black aiid
red, and the remainder white. The average weiglit of an Angora
goat fleece is from 5 to 6 lb. The finest quality of wool is obtained
from the first clip, which is made in the second year of the animal.
She-goats yield the best wool, after which come wethers, while
tho_ rams give the' coarsest fleeces. Angora mohair is a brilliant
white lustrous fibre, elastic and wiry in character, and devoid of
felting properties. It attains the length of four or five inclics, but
the long fibre is mixed with an undergrowth of shorter wool, whicli
in tJie spinning process is combed out as ' noils " for separate use.
It is a material of enormous durability, and, owing to its remarkable
elasticity, it is especially fiUed for working into long piled fabrics,
such as plush and imitation furs, or for use in braids and bindings,
and in boot and other laces. It is largely used for making Utrcclit
velvet or furniture plush for the upholstering of railway carriages,
ic, a trade centred at Amiens. In the making of imitation seal-
skins, and imitation beaver, otter, chinchilla, and other furs, ami
for carriage rr.gs generally, mohair is extensively emploved. Many
dress fabrics of mixed mohair and alpaca, cotton, or silk are also
manufactured

; but with changes in fashion such materials arc con-
stantly changing in style, composition, and name. McJiair is also
used for making certain qualities of lace, and an imitation of ostric-h
feathers for use as trimming has been made from the fibre. The
imports of mohair into the United Kingdom during 1882 amoup*-!
to 16,859,771 lb, valued at £1,433,584, a quantity largely in excess
of the imports of any previous year.
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MOHAMMEDANISM
Under this head 13 given the history of Mohammed and
his successors to the fall of the Eastei'n Caliphate, with a

sketch of the institutions and civilization of the Moslem
empire and an account of the Koran. The later history

must be sought under the names of individual countries and.
dynasties. What falls to be s&id of the social and religious

aspects of Islam in modern times will be given under the
two great divisions of SaNNiTES and ShTites.

PART r.—MOHAMMED AND THE FIRST FOUR CALIPHS.

MOHAMMED 1 or MAHOMET, the founder of Islam,

first appears in the full light of history with his

Flight to Medina (The Hijra), a.d." 622 ; and this date,

not that of his birth, has been fittingly chosen as the

epoch of the Moslem Era. The best-attested tradition ^

places his first appearance as a prophet in Mecca some
twelve years earlier (circa 610). He was then forty years

old : the forty must be taken as a round number, but as

such is doubtless trustworthy. Thus the birth of Moham-
med falls about 570 a.d. : it is said to have fallen in the

year when Abrah^, the Abyssinian viceroy of Yemen, made
the expedition against Mscca, mentioned in the Koran,

when the Arabs first saw the elephant and first suffered

from smallpox.^

^r^«)la»t At the time of Mohammerffe birth and youth nothing
ibe birth seemed less likely than that the Arabs should presently

'«i^ed
^^^"^ their triumphal entrance into the history of the

' world as victors over the Greeks and Persians. Nowhere
in the Peninsula was there an independent state of any

considerable power and importance. At the beginning of

the 6 th century indeed the princes of Kinda had attempted

to form a national kingdom, uniting in particular the

tribes of central Arabia ; but this kingdom was nothing

more than an epic prelude to the true history of the Arabs,

which begins with Islam. After the fall of the Kindite

dynasty, the old anarchy reigned again among the nomads

of the Nejd and the HijAz ; in all other quarters Greek or

Persian influence predominated, extending from the frontier

deep into the interior by the aid of two vassal states—the

kingdom of the fUiassanids in th« HaurAn under Greek

suzerainty, and that of the Lakhmids in Hira and Anbir

under the Persian empire. The antagonism between By-

zantium and Ctesiphon was reflected in the feuds of these

Arab lordships ; but indeed the rivalry of Greek and Persian

exercised its influence even on the distant South of the

Peninsula. Urged on by the Greeks, the Abyssinians had

overthrown the Christian-hating realm of the Himyarites,

the sunken remnant of the ancient might of the Sabseans

(a.d. 526), the Persians had helped a native prince again

to expel the Christians (circa 570). ^ind since then the

Persians had retained a footing in tho land. Toward the

close of the 6th century, their direct and indirect influence

1 The name Moliaintnad means in Arabic "the praised," and it has

^een supposed that this epithet was conferred on the Prophet after his

mission to mark him out as the promised Paraclete. This, however,

is incorrect (Ndldeke, fJesch. d. Qorans [Gbtt. 1860], p. 6, note 2;
Bprenger, Leben und Lehre des M., i. 155 sq.) The name is found,

although it was not common, among the heathen Arabs. Renan has

^hoivn it to occur on a Greek inscription of the early part of the 2d
century of the Christian era (Boeckh, C. I. O., 4500), and Mohammed
ibn Maslama of Medina, a contemporary of the Prophet, bore it as Ids

original name, as appears from the fact tiat his brother was called

Mahmud, it being a favourite practice to give to brothers variations of

the same name, as Anas and Miinis, Bahl and Sohail, Monabbih and
Nobaih (Spreuger, i. 158, note 2). That Mohammed calls himself

Ahmad, in sur. Ixi. 6, in order to adapt his name to a supposed pro-

phecy, proves nothing ; on the other hand, the men of Mecca, on orca-

fi'.on of a treaty with the Moslems, demanded that the Prophet should

not call himself messenger of God, but Mohammed ibn 'Ahdallah,

using his old familiar name; see J. Wellhau.sen, VeHt/i's Kitab al-

ilaghnzi in verkiirzl^r deuincher Wiedergabe (Berl. 1882), p. 257.

» Nbldjke, ut supra, p. 64 sj.

' Noldeke, GistJi, d. Perser und Araher zur Zeit der Sasaniden

«u* . . . Tabari iiberaetzt (Leyden, 1879), pp. 205, 218.

in Arabia greatly surpassed that of the Greeks ; and since

the Kindites had fallen before the kings of Hira, it extended
right through the Nejd into Yemen.*

In the Hij4z and western Nejd, the district from which
Islam and the Arab empire took their beginning, Greeks
and Persians, Ghassanids and Lakhmids, had not much
influence ; the nomad tribes, and the few urban common-
wealths that existed there, lived free from foreign interfer-

ence, after the manner of their fatliers. Mohammed's city

was Mecca, where the Banil KiuAna had formed a settle- Mecc»

ment round the Ka'ba, the sanctuary of a number of con-
federate tribes (AhAbish) belonging to that district. The
feast annually observed in tbe days before the full moon of

the month Dhu '1-Hijja at Mecca and at 'Arafa and Kezah in

the vicinity, presented strong attractions for all inhabitants

of the HijAz, and grew into a great fair, at which the
Meccans sold to the Bedouins the goods tliey imported
from Syria. Feast and fair gave the city the pi^jsperity

which it shared wth other cities which, like Jlecca, had
the advantage of lying near the meeting-place of the two
great natural roads to Yemen— that from the north-west

along the Red Sea coast, and that from the north-east fol-

lowing the line of the mountains that traverse the Nejd.^

By their trading journeys the Koraish" had acquired a
knowledge of the world, especially of the Grseco-Syrian

world : the relative sujieriority of their culture raised them
not only above the Bedouins, but above the agricultural

population of such a city as Medina ; the art of reading

and writing was pretty mdely diffused among them. The
Koraish within the city were the Banii Ka'b ibn Loay,
those in the surrountling counti7 Banii 'Amir ibn Loay;
the townsmen proper were again subdivided into Motajya-
bin and AhUf—the latter were the new citizens, who wero
distinguished from the old settlers by the same name in

other Arabian towns, as in XAif and Hira. The community
was a mere confederation of neighbouring septs, each

occupying its own quarter ; there was no magistracy, the

town as such had no authority. All political action centred

in the several septs and their heads ; if they held together

against out.<ider.=, this was due to interest and a sense of

honour, a voluntary union strengthened by the presence

of public opinion. In the time of Mohammed, tlie most

numerous and wealthy sept was that of the Banii Makhziim

;

but that of the Banii 'A'bdshams was the most di.-^tinguished.

The Banii Omayya were the most powerful hou.-e of 'Abd-

shams ; their head, Abii SofyAn ibn Harb, exercised a de-

cisive influence in the concerns of the whole community.'

Mohammed himsel' was of the Banii H.lshim; it is afl^rmed

that these haf' formerly enjoyed and claimed of right the

position •'rt -ally enjoyed by the Banu Omayya, but thi.s

a-ssertun seems to have had its origin in the claims to

the Caliphate which the Hashimites (the house of 'All and

the 'Abbisids) subsequently set up against the Omayyads.^.

* On the state of Arabia before Islam fee C'aussin de Percwal, £ssai.

tur Vhiitnirf ilfs Aralea, vol. ii.; Muir, Life of itoh., vol. i.

' Marr ai-Zahran, near Mecca, is accordingly saiil to have been the

point at which the great emigration of tribes from Yemen j'arted into

two streams, moving north-west and north-east respectively.

* The Koraish were tli*' branch of Kiniina settled in and about

Mecca. They are called also Ghalib ami Fihr, but the last name is

particularly applied to those of the Koraish who did not live witUiifc

the town. ^' Spreuger, vol. iii. p. out »q.
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Mohammed's fatHer, 'AbdallAh b. 'Abdalmottelib, did

not live to see the son's birth, and his mother Amina

died while he was still a child. Mohammed was then

cared for first by his grandfather, 'Abdalmottalib, and

after his death by his oldest paternal uncle, Abii T^lib

b. Abdalmottalib. He was kindly treated, but shared

the hardships of a numerous and very poor family; he

herded sheep and gathered wild berries in the desert.

This is all that we know of his youth (sur. xciii. 6), all

ebe is legend, containing at most an occasional fragment

of truth.1

It was, we are told, in his twenty-fifth year that

J>[ohammed, on the recommendation of his uncle, entered

the house and business of a wealthy widow named Khadlja.

For her he made commercial journeys, thus learning to

know part of Palestine and Syria, and perhaps receiving

impressions which fructified in his souL^ By and by he

married the widow, who was much his senior ; he was a

shrewd mun, with prepossessing countenance, fair of skin,

and black-haired. The' marriage was happy, and blessed

with several children. The two sons, however, died young

;

from the elder the father received the surname Abii '1-

KAsim. The most famous of the daughters was Fdtima,

who married her father's cousin, 'AJl b. Abi f^lib.

During his married life with Khadlja, Mohammed came in

contact with a religious movement which had laid hold on

some thoughtful minds in Medina, Mecca, and T^if- In

Mecca, as elsewhere, Arabian heathenism was a traditional

form of worship, chiefly concentrated in great feasts at the

hply places ; it was clung to because it had come down
from the fathers The gods were many ; their importance

was not due to the attributes ascribed to them, but to

their connection with special circles in which they were

worshipped. They were the patrons of septs ^ and tribes,

and symbolized, so to speak, the holy unity which united

the present and past members of these. Above them all

stood AllAh, the highest and universal God.* By him the

holiest oaths were sworn; in his name {Bismika AUdhummd)
treaties and covenants were sealed ; the lower gods were

not fit to be invoked in such cases, as they belonged to one

party instead of standing over both. The enemy was re-

minded of Alldh to deter him from inhuman outrage;

enemy of AllAh ('aduw Alldh, dtocrrvyrfi) was the name of

opprobrium for a villain. But, since Alldh ruled over all

• The tradition relates that aa an infant Mohammed was entrusted

to a Bedouin foster-mother, Hali'ma, who brought him up among her

people, the Band Sa'd b. Laith. Sprenger (L 162 sq.) will have it that

this precise statement is also a fiction ; but he i3 probably wrong. It

can hardly be disputed that Bedouin women were accustomed to suckle

the children of townsfolk for wages, and Mohammed's " milk-kins jip
"

with the Band Sa'd b. Laitl- is confirmed by what happened at and
after the battle of Honain. A nephew of Mohammed was also

brought up among the Sa'd. Comi . Vakidi, ut supra, pp. 364, 377 sq.,

431, note 1.

' He saw the mnte witnesses of divine judgment, the rock-dwellings

of Hijr and the Dead Sea
;

perhaps, too, he was impressed by the

figure of some venerable monk (Bahira legends), Comp. Ibn Hishim,

p. 115 sq.; Sprenger, L p. 178 sqq.

' Vakidi, p. 350 : Idols were found in every house, and homage
was paid to them when men went out or in to gain their blessing. Abu
Bajrit made and sold them ; there was a lively trade ia idols with the

Bedouins.
* The particular gods are said to have been regarded as chililren of

Allih (D'hSk 'J3). From sur. liii. 21, xxivii. 149, it appears that

the Meccans called their goddesses datighters of AlUh
;

perhaps

U was their disputes with Mohammed that forced them to this view.

At ilrst, certainly, al-L4t and al-'Ozzi were names of the wife of the

supreme god ; sexual dualism dominated in the oldest Arab idea of

the godhead. K wxs Mohammed who first reduced the gods to

Jinns

—

i.e. to subordinate demons and kobolds—as he did not deny
their existence, but only stripped off their divinity. To say that tlie

oldest Arabe worshipped Jinns is as unreasonable as to say that they

worshipped the de\il ; for Islam degraded the gods to Shaitans as well

as to Jinn* SiiDer.itition certainly played its part among the Aiabs,

bat superstition is not religioc

and imposed duties on all, it was not thought that one

could enter into special relations with him. In worship

he had the last place, those gods being preferred who

represented the interests of a specific circle, and fulfilled

the private desires of their worshippers.* Neither the fear

of AIlAh, however, nor reverence foT the gods had much
influence. The chief practical consequence of the great

feasts was the observance of a truce in the holy months,

and this in course of time had become mainly an affair of

pure practical convenience. In general, the disposition of

the heathen Arabs, if it is at all truly reflected in their

poetry, was profane in an imu§ual degree. Wine, the

chase, gaming, and love on the one side ; vengeance, feuds,

robbery, and glory on the other, occupy all the thoughts of

tl>c old poets. Their motives to noble deeds are honour

and family feeling; they hardly name the gods, much
less feel any need of them. The man sets all his trust on

himself : he. rides alone through the desert, his sword helps

him in danger, no God stands by him, he commends his

soul to no saint. His reckless egoism may expand to noble

self-sacrifice for the family and the tribe; but in this

heroism religious impulses have no part, 'there is nothing

mystical in these hard, clear, and yet so passionate natures.

The only vein of what can in any sense be called religioua

feeling appears when the volcano has burned itself out and

the storm of life is over ; then, it may be, a wail is heard

over the vanity of all the restless activity that is now
spent.* It is very possible that religion meant more to the

sedentary Arabs than to the nomads, to whom almost all

the ancient poetry belongs; but the difference cannot have

been great. The ancient inhabitants of Mecca practised

piety essentially as a trade, just as they do now ; their

trade depended on the feast, and its fair on the inviolability,

of the Haram and on the truce of the holy months.'

The religion of the Arabs before Mohammed was de- Tht

crepit and efl'ete.* Many anecdotes and verses prove that Hanlft

indifference and scofiing neglect of the gods was nothing

uncommon. The need for a substitute for the lost reUgioii

was not very widely felt. But there were individuals wh")

were not content with a negation, and sought a better rew

ligion. Such were Omayya b. Abf '1-Salt in Tdif, Zaid b.

'Amr in Mecca, Abil Kais b. Abi Anas, and Abii
'Amir in

Medina.* They were called Hanifs, probably meaning;

» Vakidi, pp. 368, note 1, 370, note 1 ; Sprenger, lii. 457 sq., 512.
Whether the feast at Mecca was celebrated in honour of AlUh before

Mohammed, is very doubtful. It would seem that Hobal was wor-
shipped in the Ka'ba (Ibn Hisham, p. 97 sq.), and Kozah in Mozdalifa
(Vakidi, p. 428) ; it is possible, however, that Allah stood to Hobal
among the Arabs as £1 to Jahwe among the Hebrews. Ritual sacri-

ficcs were generally presented to a god who had a proper name ; but
the trace of a religious rite which still survived in the ordinary killing

of beasts for food, possibly consisted even before Mohammed in th«
invocation of the name of A114h (Sprenger, ii. 478, note 1; but comp.
Vakidi, p. 160, note 1, p. 158).

" "We hasten towards an unknown goal, and forget it in eating gsil
drinking. We are sparrows and flies and worms, but more daring
than famishing wolves. . . . My roots reach down to the depths of the
earth ; but this Death spoils me of my youth, and of my sonl he spoils

me and of ray body, and right soon he lays me in the dust. I have
urged my camel through every desert,' wide-stretching and shimmering
^vith mirage

; and I have ridden in the devouri-Dg host, reaching after

the honours of greedy perils, and I joined in the fray under every sky
till I longed for the home-coming instead of booty. But can I,

cfter Harith's death, and after the death of Hojr, the noble host—can
I hope for a softer lot from the change of time, which does not forget
the hard mountains ? I know that I must soon be transfixed by his
talon and tooth as befell my father and my grandsire, not to forget him
that was slain at KoUb."—Amraalkals, ed, Siane, No. 10, p. 33

;

ed. Ahlwardt, No. 5.

' See, on Arabian heathenism, Pococke, Specimm hist. Arabum;
Krehl, Rdi<;im der wrislamischen Araber (Leip. 1863); Sprenger,
'• 241 sq. s yakidi, p. 293, note 1.

» See, for Omayya, Ktt&b al-Aghdni (BdUk ed.), iii. 186 sq. ; for
Zaid, Ibn HishAm, p. 143 sq. ; for Abu Kais, id. 348 sq., 39 sq. ; and
for Abii 'Amir. Fakidi, pp. 103, 161, 190. 410.
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n.l

^lii'istiait

nHuencu.

"penitents", men who strive to free themselves from sin.^

They did not constitute a regular sect, and had in fact no

fixed and organized views. They had, no doubt, inter-

course with one another, but were not a close society; they

thought more of their own souls than of propaganda ; only

in Medina they seem to have been more numerous. They

rejected polytheism and acknowledged Alldh, but not so

much on intellectual grounds as on grounds of conscience.

Faith in the one God was with them identical with pious

resignation (Isldm) to his will ; their monotheism was most

closely allied to the sense of responsibility and of a coming

judgment ; it stood opposed to the worldly ideas of the

idolaters, and was an impulse to upright and sin-avoiding

walk. They were not theorists, but ascetics. It was the

primitive ideas of Law and Gospel ("the religion of Abra-

ham") that lived again in them. They felt on the whole

less attracted towards the developed forms of the religion of

revelation ; they rather sought after some new form ; few of

them attached themselves to existing religious communities.

Mohammed, it would appear, came into connexion -with

these Hanifs through a cousin of his wife, Waraka b.

Naufal, who was one of them. Their doctrines found a

fruitful soil in his heart ; he was seized with a profound

jense of dependence on the omnipresent and omnipotent

Lord, and of responsibility towards him. Follo\ving the

example of old Zaid b. 'Arar, he now frequently withdrew

for considerable periods to the solitude of the bare and
desolate ilount Hird, and meditated there with prayer

and ascetic exercises. For years, perhaps, he went on in

these purely individual exercises, without anything to dis-

tinguish him essentially from the others who held similar

views. But in him the Hanifite ideas lodged themselves

in a natural temperament which had a sickly tendency to

excitement and vision, and so produced a fermentation that

ended in an explosion.^ Thus he became a prophet ; he

felt himself constrained to leave the silent circle of ascetics

and make a propaganda for the truth. In this resolve he

was unquestionably influenced by what he knew of the

example of the Biblical prophets, perhaps also by the cir-

cumstance that a longing after a new founder of religion

was diffused among the Hanifs, and found support in some
dim acquaintance with the Messianic hopes of the Jews.

That Mohammed did not independently produce his own
ideas is indisputable ; nor is it to be doubted that he de-

rived tjiem from the Hanifs. But what was the ultimate

source of these first motions towards Islam 1 In general

they are ascribed to a Jewish source. Jews were very

numerous in Hij>iz and Yemen, and had perfectly free

intercourse wth the Arabs, to whom they undoubtedly

imparted a quantity of Biblical and religious material.

Jlohammed in particular was indebted to the Jews for

almost all the stories and a great part of the laws of the

Koran (laws of marriage, purity, etc.), and the theological

language of Islam is full of Jewish words. But the ori-

ginal and productive forces of Lslam did not spring from
Judaism, least of all the ideas of the Judgment and of the

inexorable demands set before, the creature by his Creator,

' Spreiiger (p. 38 sq.) connects Hanif with ^jn, and expounds it

per atitiphrasin .is hicifs a non lucendo^ on the ingenious fashion of

A. Geiger. As t(ilinitniith = t/<Juinn}{f\% the technical name of such
KOlitary ascetic practices as Mohammed himself engaged in before his

call, Hauif may be taken to mean a jntita/tatirt if hy profession. The
connexion between /wi?i'/ and taluinnii/is certain, and it seems equally

certain that (ahniinii/ ^s an eriuivalent of lahanniith comes not from
/«iHi/but from hinth (for hhf), and means not to play the Hanif but to

concern oneself with one's sin, to purge otieself of it.

- It is disputed whether Mohammed was epileptic, cataleptic, hys-

teric, or what not ; Sprenger seems to think that the answer to this

medical question is the key to the whole problem of Islam. It is

certain that he had a tendency to see visions, and suffered from fits

which threw him f.— a time into a swoon, without loss of inner con-

sciousness.

which are so dominant in the older siiras. A distinction

must be drawn between the primitive impulses and the

material added l9,ter ; Mohammed did not get his leaven

from the Jews, they only supplied him afterwards with

meal. Neither in truth can Christianity be viewsd as the

proper source of Islam— Christianity, that is, in any of

its great historical developments. The Arabs knew Greek,

Syrian, and Abyssinian-Himyaritic churches ; manifold in-

fluences from these doubtless reached Islam, but in none
of them did the idea of Judgment still stand as the central

point of religion ; the living sense of divine reality ruling

over the life was half extinguished by the developments of

theology. But in the Syro-Babylonian desert, off the line

of the church's main advance, primitive forms of Chris-

tianity, perhaps also of Essenism, still survived, which the

course of church history had left untouched. To these belong

on the one hand the Sabians (" Baptists," from V3S), on the

other the numerous anchorets of these regions. The con-

nection of Islam n-ith the Sabians appears from the fact

that in ifecca and Tiif its adherents were simply known
as Sabians.' From them, however, were derived, it would
seem, for the most part only externals, though the import-

ance of these must on no account be undervalued. The
deepest influence exercised on the Hanifs, and through

them on the Prophet, appears to have come from the an-

chorite ascetics. How popular they were with the Arabs,

appears from the Bedouin poetry ; what power they exer-

cised over the minds even of the heathen, is proved by
various episodes in the history of GhassAn and Hira ; how
well the Arabs knew the difference between them and the

shaven clergy, is seen in the instructions of Abiibekr to the

commanders in the Syrian campaigns. It was not their

doctrine that proved impressive, but the genuine earnest-

ness of their consecrated life, spent in preparation for the

life to come, for the day of judgment, and forming the sharp-

est contrast to the profanity of heathenism. Ascesis and

meditation were the chief points with the Hanifs also, and
they are sometimes called by the same name with the

Christian monks.* It can hardly be wrong to conclude

that these nameless ivitnesses of the Gospel, unmentioned

in church history, scattered the seed from which spraflg

the germ of Islam..

. The tradition gives a telling story of the way in which Moharo-

Mohammed at length came to proclaim openly wha,t had™^<J''

loPET been living and working within him ; in other words, P.'

how he became a prophet. Once, in the month of Rama-
dan, while he repeated his pious exercises and meditations

on Mount HirA, the angel Gabriel came to him by night

as he slept, held a'silken scroll before him and compelled

him, though he could not read, to recite what stood written

on it.5 This was the first descent of a passage of the

heavenly book, the source of revelation from which Moses

and Jesus and all prophets had drawn ; and so Jlohammed
was called to be a prophet. The words with which Gabriel

had summoned him to read, remained graven on his heart.

They were the beginning of sur. xcvi.

—

' Ibn Hisham (p. 835) relates that the Banil Jadhfma announced

their conversion to Islam to Khilid in the words, " We are become
Sabians. " Een.an, Etudes d'hUloire rd. (1863), p. 257, misunderstands

this utterance.
* Abu 'Amir is as often called Rihib as Hanff. All the accounts

indicate that the Hanifs stood nearer to Christianity th.in to Judaism,

not only in Taif but elsewhere. Interesting in the highest degree is a

verse ascribed to Sakhr al-Ghay in the Hodhailian Poems, ed. Eose-

garten 18, 11. A thundercloud is there described, the centre of which

is an impenetrable mass ; only on the outer fringe a restless motion is

discernible. "Its fringes on the mountain-ridge (ahMali) are like

Christians celebrating a banquet when they have fonnd a Hanif (and

so mn to and fro in the restlessness of glad excitement)."
° Of course any one can read in a vision. The question discussed

even by Moslems, as to whether the Prophet could read or not, has at

least no place in this connexion.
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" l?cad I in tlio natno of tliv l.ord, who crcito.l, crcatcJ man from

a drop. Read! for thy Lord is the .Most High who hath taiiglit

hy the pen, hath Uught to man what lio knew not Nay truly

man walkcth in delusion, when he deems that he suffices for him-

self ; to thy Lord they must all return."

Wiat is hero recorded is the commencement, not of

MoLammed's knowledge, but of Lis prophesying. That

the latter was due to a vision exiieiieiiced by him on a

night of the month Ramadan (sur. xcvii. 1, ii. IS?) is

certain, and it is at least very pos.sible that the form of

the vision was governed by the traditional conception of

revelation and prophecy which Mohammed had learnea to

accept.' It is, of course, uncertain whether the words in

which the angel called the Frophet are really contained in

6ur. xcvi. Certainly this siira is very early, and its con-

tents are, indeed, the best expression of the original ideas

of Islam. Man lives on content with himself, but he must

me day return to his Creator and Lord, and give account

;o him. This is in a .sense the material principle of the

oldest faith of Islam ; the formal principle is the very pro-

minent doctrine of revelation in writing copied from the

heavenly book.

AVhen the angel left him—so the tradition runs on

—

Afohammed came to Khadija and recounted the occurrence

to her in much distress ; he thought that he was possessed.

She however comforted him, and confirmed him in the belief

that he had received a revelation and \vas called as a mes-

senger of God. Yet his doubts returned, when there ensued

a break in the revelation, and they reached a distressing

height. He was often on the point of seeking death by

casting himself down from Mount HirA. It is usually

assumed that this state of anguish lasted from two lo three

years. Then the angel is said to have suddenly appeared

a second time ; he came to Khadija in great excitement

and said : "Wrap me up I wrap me up !" This, it must
be exi)lained, was done when he fell into one of his swoons

;

and on this occasion, as often thereafter, the revelation

came during an attack. Then was sent down siira lixiv.

beginning with the address—"O thou enveloped one!"

Henceforth there was no interruption and no doubt ; the

revelations followed without break, and the Prophet was

assured of his vocation.

That Mohammed did pass through many doubts and
much distress before he reached this assurance,, may well

be believed (sur. xciii. 3) ; but the systematic development

of the doctrine of the fntra, or interval of fvom two to

three years between the first and second revelation, belongs

to a later stage of tradition. It appears that it was de-

vised to dispose of the controversy whether Jlohammed
lived as a jirophet in Mecca for ten or for twelve years

;

perhaps, too, it was desired to solve another difficulty

—

viz., whether sur. xcvi. or sur. Ixxiv. was the beginning

of the revelation—in a sclise that should do some justice to

the rival claims of each.- The tradition may also have
been influenced by the circumstance that Mohammed, in

the first three years of his mission, did not appear as a
public preacher,^ but only sought recruits for his own ca-ase

and the cause of AllAh in private circles. First, he gained
the inmates of Iiis own house,—his wife Khadija, his freed-

' H. Dodvvell, "Do Tabulis creli," in Fabricius, Cod. pseud. V. T.,
2d ed., ii. 651 sq. Compare, in the Koran, especi.illy 8ur. Ixxivii. 6,
"\V6 will cause theo 60 to read that thou maycst forget nothing save
what God mil." The following progress is noteworthy :—Isaiah's lips
are touched to purge them of sin (Isa. vi. 7) ; Jeremiah's are touched
by the Lord to put His word in his mouth (Jer. i. 9) ; Ezekiel receives
the revelation as a roll of a Iwok which he Las to swallow (Ezek. iii. 2).

» See Sprenger in X.D.M.G., 1859, p. 173 sq.; Noldeke, op. cit.,

67 sq. Ewald thinks that the vocatives at the beginning of sur. lixiv.
and Ixiiii. mean simply— long sleeper I Tliis view is worthy of
consideration. Tlie Moslem exegetes thoroughly understand the art
of giving to geneml -'iressious of the Koran specifio reference to
historical events which they have themselves invented to facilitate

exegeslj. » Ibu Hishim, p. 108.
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man Zaid b. Haritha, his cousin 'Ali (of whose nurture he

had relieved Abii T;llib, a poor man with many children),

and finally his dearest friend Abiibekr b. Abi Kohifa.

The last named won for him several other adherents:

'Othmiln b. 'AffAn, Zobair b. al-'Awwdm, 'Abd al-Kahmdn

b. 'Auf, Sa"d b. Abi WatkAs, Taiha b. "Obaid Alldh, all

names of note in the subsequent history of Islam. Soon,

there was a little community formed, Vhose members united

in common exercises of prayer.

To the Hanffs, especially to the family of Zaid b. 'Amr,

their relation was friendly ; they had the name of Moslem

in common, and there was hardly any difference of prin-

ciple to separate them. The personality of the prophet

had given an altogether new impulse to a movement already

in existence ; that was all. To found a new religion was

in no sense Jlohammed's intention ; what he sought was

to secure among his people the recognition of the old and

the true. He preached it to the Arabs as Moses had before

him preached to the Jews, and Jesus to Christians ; it was

all one and the same religion as written in the heavenly

book. The differences between the several religions of the

book were not perceived by him till a much later period.

-

It is net difficult to understand why Mohammed should

in the first instance have turned to those who were most
readily accessible to him; but the nature of his mission did

not suffer him to rest content with this ; it compelled him
to make public proclamation of the truth. One of his

dependents, Arkam b. Abi Arkam, offered for this purpose

his house, which stood close by the sanctuarj', and thus the

Moslems obtained a convenient meeting-place within the

town, instead of, as hitherto, being compelled to resort tc

ravines and solitary places.* Here Mohammed preached,

and here too it was that he received some converts to

Islam. But he did not obtain any great results among the

Meccaiis. A\Tiat he had to say was already in substance

familiar to them ; all that wjls new was the enthusiasm
with which he proclaimed old tnith. But this enthusiasm
failed to make any impression on them ; they set him aside

as a visionary, or as a poet, or simply as ode possessed.

In their eyes it was a fatal flaw that his supporters were
dra^vll from the slave-class and the lower orders, and the

ranks of the young ; it would have been quite anothei

matter if one of the rulers or elders had believed in him.
This circumstance was a source of annoyance to the pro-

phet himself ; in sur. Ixxx. we find him rebuked by Gtod
for having repulsed in an unkind way a blind beggar who
had interrupted him a^ he was endeavouring to win over a
man of influence—an endeavour which proved of no avaiL

This indifference of the !Meccans embittered the mes-
senger of God, and led him to give to his preaching a
polemical character which it had not hitherto possessed.

In the oldest siiras we have monotheism in its positive and
practical form.* God is the all-powerful Lord and all-know-
ing Judge of man ; he demands loyal self-surrender and
unconditional obedience; the service he requires is a serious
life, characterized in particular by prayer, almsgiving, and
temperance. That the worship of other gods l^de Allih
is excluded by these views, goes without saying ; still it is

* It does not appear that Arltam's house was of the nature of an
asylum to which Moliamnied betook himself for refugo ftom the ill-

treatment to wliich ie was subjected in his ovra home, nor is there
any evidence that he ever lived in it. It was simply the meeting-
house of the oldest Islam. Prayer continued to be offered within it

until the conversion of 'Omar, who was bold enough to choose the
Ka'ba itself, the centre of heathenism, as the Moslem place of prayer.
Comp. Muir, ii, p. 117 ; Sprenger, I p. 434.

» \Vliat is meant by practical monotheism is most easily nnderetood
by reference to Matt vi. 24 sqq., x. 28 sqq., and to Luther's exposi-
tion of the first commandment in the caUohisms ; it is the essenoa of
religion. We do not, of course, mean that this practical monotheism
in expressed in the Koran with as much purity and depth as In the
Gospel
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noteworthy that the sharp negations of monotheism ac-

quired prominence only by degrees. It was in his indig-

nation against tlie cold mockery with which he was met
that Mohammed first assumed an attitude of hostility

towards the worship of polytheism, while at the same time

he gave much greater prominence to his own mission, just

because it was not acknowledged. He now began to

threaten the infidels with the judgment of God for their

contempt of His message and His messenger ; he related

to them the terrible punishments that in other cases had
tfallen on those who refused to hear the voice of their pro-

phet, applying the old legends to the circumstances of the

present with such directness that it was superfluous ex-

pressly to add the morals. This could not fail to irritate

the Meccans, especially as after all the new religion gained

ground. 'What Mohammed attacked as ungodly and abom-
inable were their holy things ; they were jealous for their

gods and their fathers. Their attachment to the tradi-

tional worship was the greater that the prosperity of their

town rested upon it ; for they had not yet learned that the

Ka'ba was no institution of heathenism. They found, how-
ever, no other way to remove the public scandal than to

approach Abii TAlib, the Prophet's uncle and the head of

his family, asking him to impose silence on the oiTender,

or else to withdraw from him his protection. Abii '^idih

was not personally convinced of Mohammed's mission, but

he did not choose to impose conditions on the enjojnnent

of his protection. At length, however, when the Meccans
adopted a threatening tone and said that he must either

restrain his nephew from his injurious attacks, or openly

take side for Mohammed and against them, he sent for his

nephew, told him how things stood, and urged him not

to involve them both in ruin. Jlohammed was deeply

moved ; he thought his uncle \vished to get rid of him
;
yet

he could not and would not withdraw from the divinely-

imposed necessity which impelled him to preach his con-

victions. "Though they gave me the sun in my right

hand," he said, " and the moon in my left, to bring me
back from my undertaking, yet w-ill I not pause till the

Lord carry my cause to victory, or till I die for it." With
this he burst into tears, and turned to go away. But
Abii Tilib called him back and said : "Go in peace, son of

my bvother, and say what thou wilt, for, by God, I will on

no condition abandon thee."

I The protection of his uncle did not relieve Mohammed
from all 'manner of petty insults which he had to endure

from his enemies from day to day; but no one ventured to

do him serious harm, for the family feud which this would

necessarily have produced was not to be lightly incurred.

Less. fortunate than the Prophet, however, were such of

tis followers as occupied dependent positions, and had no

family support ; especially the converted bondmen and
Londwomen, who found no consideration, and were often

treated with actual cruelty. For some of these Abiibekr

purchased freedom. There seem to have been no martyrs,

but the situation of many Moslems became so intolerable

that they fled to Abyssinia. The Abyssinian Christians

"were quite looked upon as their religious kinsmen.

A breach with one's people is for the Arab a breach with

God and the world ; he feels it like a living death. Mo-
hammed, who remained in Mecca, naturally made every

effort to heal the breach with his townsmen, and, as natur-

ally, the latter met him half-way. He even went so far

&3 to take the edge from his monotheism. Once, when

the heads of the Koraish were assembled at the Ka'ba,

^Mohammed, we are told, came to them and began to recite

before them sur. Uii.i When he came to the passage,

• The authorities for this are Ibn Sa'd, the secretary of Wdkidi, to

whom we owe the preservation of W4kidi"s materials for the Meccan

period, and especially Tabari; comp. Muir, ii. 150 sqq. The common

"\Vhat think ye of al-LAt and al-'Ozz.i, and of Mandt the
third with them?" the devil put words in his mouth which
he had long wished to have by revt-latioa from God—viz.
" These are the sublime Cranes,- whose intercession may
be hoped for." The auditors were surprised and delighted
by this recognition of their goddesses, and when Mohammed
closed the siira with the words, " So prostrate yourselves
before AlUh and do service to him," they all with one
accord complied. They then professed their satisfaction
with his admissions, and declared themselves ready to
recognize him. But the messenger of God went home dis-

quieted. In the evening Gabri.;l came to him, and Mo-
hammed repeated to him the siira ; whereupon tlie angel
said; "What hast thou done! thou hast spoken in the ears
of the people words that I never gave to thee." Mohammed
row fell into deep distress, fearing to be cast out from the
sight of God. But the Lord took him back to IDs grace
and raised him up again. He erased the diabolical verse
and revealed the true reading, so that the words now ran

—

" What think ye of al-LAt and al-'Ozzd, and of Mandt the
third with them 1 The male [offspring] for you and the
female for God ? That were an unjust division I " When
the new version reached the ears of the Meccans they
compared it with the old, and saw 'Jiat tlie Prophet had
broken the peace again. So their pnmity broke out again
with fresh \iolence.

It is generally and justly suspected that this compromise
did not rest on a momentary inspiration of Satan, but was
the result of negotiations and protracted consideration.

Nor was the breach so instantaneous as is represented
;

the peace lasted more than one day. There is no doubt
as to the fact itself. Every religion must make compro-
mises to gain the masses. But for Mohammed the moment
for this had not yet arrived ; later on he used the method
of compromise with great efi'ect.

The news of the peace between Jlohammed and the
Meccans had recalled the fugitive Moslems from Abyssinia ;'

on their return the actual state of affairs proved very

different indeed from what they had been led to expect,

and it was not long before a second emigration took place.

By degrees as many as a hundred and one Moslems, mostly
of the younger men, in little groups, had again migrated

to Abyssinia, where they once more met with a friendly

reception. Among them were Ja'far, the brother of 'All,

and the Prophet's daughter Eoljajrya, along with her hus-

band 'Othmdn b. 'Affdn.''

Mohammed's position was very considerably altered for

the worse, both subjectively and in other respects, by his

precipitate withdrawal from the compromise almost as soou

as it had been made. He himself indeed, although long

and salutarily humbled by the remembrance of his fall

(sur. xvii. 75 sqq.), never abandoned faith in his vocation
;

his followers also did not permit themselves to be led

tradition ignores the fact itself, but knows its result, the return of the

Abyssinian fugitives.

" " Al-ghardnVc al-'oUi," fine -sounding but perhaps meaninglsss

words—
" Herrlich, etwas dunkel zwar,

Docii es klingt recht wunderbar."

Comp. Noldelte, op. cil., p. 80. Hobal, though the chief god of the

Meccans, is lot mentioned in the Koran either here or elsewhere.

Perhaps as God of the Ka'ba he was already identified with Allih by

the Meccans, or was so identified by Mohammed.
' The date assigned is the month Eajab of the fifth year of the Call,

corresponding to the eighth year before the Flight (a.d. 614-615).

The compromise must have been made in the interval The chronology

of this period is of course in the highest degree uncertain, and tht

order of the events hard to ascertain. Thus it can scarcely be deter-

mined whether the above-mentioned scene with Abu Tilib ought to b«

placed before or after the compromise.
* 'OthraSn and Rokayya, however, members of the noble house ol

Omayj-a, hoon returued, along with many others. The rest remaineiJ

in exile uutil the seventh year of the Flight.



550 MOHAMMEDANISM |1I0Ha3IMED.

away. But the Jleccans, from tho way in which he had

at first given out a verse as God's word and afterwards

withdrawn it as a suggestion of Satan, did not hesitate to

draw the inference that the whole of his boasted revelation

was nothing but a manifest imposture. To their cold and

unfeeling logic the Prophet had nothing to oppose save

passionate assurances.

Fortunately for the Moslems, precisely ar tiiis junciure,

when matters were assuming so gloomy an aspect for their

little company, two conversions took place, which were well

fitted to revive their courage. Mohammed's imcle, Hamza

b. "Abdalmottalib, felt his family pride wounded by the

injurious treatment which the former had received from

Abii Jahl, head of the great and wealthy family of the

Banii Makhziim, and in c-der to become publicly his

champion, he adopted Islam. Of much more importance

still was the conversion in the same year (the sixth of the

Call) of 'Omar b. al-Khattdb. 'Omar was then only twenty-

six years of age. and neither rich nor noble ; but his im-

posing figure and his unbending strength of will gave him

a personal influence, which immediately made itself felt in

C very marked manner in favour of Islam. Until now its

religious gatherings had taken place privately, especially

in the house of Arkam ; but 'Omar offered his prayers at

the Kalja as publicly as possible, and his example was

followed by the other Moslems. "Their religious exercises

were no longer gone about in secret, but ostentatiously

and before the eyes of all.

So far as can be gathered, it was at this time that the

opposition between Mohammed and hio townsmen reached

its highest pitcL The feeling that he had somewhat

committed himself embittered him ; he was determined to

atone for his previous concessions to polytheism by un-

compromising polemic against it. A peisonal element,

which had lurked from the first in the war of principles,

became by degrees increasingly dominant. The idols were

less displeasing to Alldh than the idolaters ; his own wor-

ship was a matter of less concern to him than the recogni-

tion of his messenger. With ever-increasing distinctness

the prophetic utterances came to be mere wordj of threaten-

ing and rebuke against the Meccans ; it was impossible

not to recognize in Noah and Moses or Abraham the pro-

phet himself. The coming judgment upon Mecca, and the

hour of it, were either in plain words or veiled allusion

the continual theme of the " admonisher ;
" but the oftener

and the more urgently it was repeated, the less was the

impression it produced. The Meccans did not, on the

whole, sufFer themseh es to be much disturbed by the pro-

epect of the terrible overthrow which was portrayed before

them in vivid colours. They were even profane enough
to express a desire to ?ee the long-threatened catastrophe

arrive at last, and their audacity went so far as to complain
of the revelations with which Mohammed sought to stir

their feelings as being tedious.^ They did not in the least

believe that the Biblical narratives, which he related with
special pride, were kno^vn to him by revelation ; on the

contrary, they pretended to know perfectly well the human
source from which he had derived them (sur. xvL 105

;

£xv. 5; xliv. 13). It is very interesting to find Mohammed
in presence of their unbelief referring to the recognition

and approval with which he met among the children of

Israel (sur. vi. 114; x. 94: xiii. 36 sqq.; xvii. 108; xxviii.

52 sq.; xxxiv. 6), and particularly to find him appealing
to the testimony of a certain Jew, whom he does not name
(sur. xlvi. 9 sqq.) Manifestly he had relations with Jews
at this period, and was under their influence ; and from
them, of course, it was that the material of his Old Testa-

ment and Haggadistic narratives was derived. At the

' Ibn HUhim, pp. 191, 235 sq.

same time it is clear that he himself must have believed

these to have come directly tc him in a second revelation

from above, otherwise he would haidly have taken his

stand in the presence of his opponents upon the testimony

of the Jews. Such a self-deception seems indeed hardly

credible to us, but it is impossible to itnpute to tli? Arab

prophet too complete an absence of the critical faculty.

The Koraish at last lost all patience. Their heads

entered into a solemn compact to break oflf all intercourse

with the Hashimids, as they declined to separate them-

selves from Jlohammed. The Hashimids submitted to

the interdict for the sake of their relative, although for

the most part they were not believers on him. Along

with the Banu '1-Mottalib they withdrew into the separate

quarter of their chief, into the so-called Shi'b Abf T.^lib

;

one only of their number, Abu Lahab, separated himself

from them, and made common cause with the Meccans.

All buying and selling with the excommunicated persons

being forbidden, these found themselves reduced occasion-

ally to outward distress, as well as excluded from all

fellowship. This treatment, although apparently .never

carried out with absolute strictness, did not fail of its

effect. The Prophet's more remotely attached adherents

fell away from him, and his efforts for the spread of Islam

were crippled. All he covild do was to encourage those

who remained faithful, and to set himself to seek the con-

version of his relations.

This state of matters, after continuing for from two to

three years, at last became intolerable to the !Meccans

themselves, who had a variety of relations with the ex-

communicated family. In the tenth year of the Call ' _0.

619-620) five of the leading citizens paid a visit to Cl.-

Shi'b Abl Tdlib and induced the Banu Hdshim and al-

Mottalib to come out of their retirement and again appear

among their fellow-citizens. The rest of the Koraish were

taken by surprise, and did not venture, by setting them-

selves against the fait accompli, to run the risk of what
might have betome a dangerous breach. The story goes

that a lucky accident released them from the solemn oath

imder which they had laid themselves with reference to the

Banii HAshim—the mice had destroyed the document,

hung up in the Ka'ba, on which it was recorded.

Mohammed was now free once more ; but he no longer The Pr—
thought of carrying on his polemic against the Meccans or phet'i

of seeking to influence them at all. In his relations to
°^"

them three stadia can be distinguished, although it is easier

to determine their character than their chronology. In

the first instance, his endeavour was to propitiate them
and win them over to his side ; when other methods failed,

he even went so far as to make complimentary mention of

their goddesses in one of his revelations, and thus to set

up a compromise with heathenism. When this compromise
failed, he forth\^-ith commenced an embittered assault .upon

the idolaters, which ended in the outlawry of "himself and
of his family. And now, the ban having been removed,

he gave the Meccans up, abandoning them to their hard-

ness of heart. It had become clear to him that in his

native town Islam was to make no progress, and that his

position was untenable. His feeling of separation was in-

creased all the more with the death of his faithful Khadija
about this time, followed soon afterwards by that of Abii

TAlih, his noble protector. He accordingly came to the
determination to take his chance ip the neighboxrring TAif,

and set out thither alone. On his arrival he asked the
heads of the to^vn whether they would be willing to receive

him and protect the free proclamation of his doctrines.

He was answered in the negative ; the mob drove him out
of the tOAvn, and pursued him until he found refuge in a
vineyard, the property of two noble Meccans. In the
deepest despondency he again took the homeward road.
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Tradition has it that he found comfort in the fact t^at at

least the Jinns listened to him as by the way he chanted
the Koran in the sacred grove of Nakhla.' In the present

circimistances it was now impossible for him to return into

the town, after having openly announced his intention of

breaking with it and joining another community. He did

not venture to do so imtil, after lengthened negotiations,

he had assured himself of the protection of a leading citizen,

Mot'im b. 'Adl. Notwithstanding all that had happened,

he resolved, two months after the death of Khadija, to enter

upon a second marriage with Sauda bint Zam'a, the widow
of an Abyssinian emigrant.

Chance soon afterwards brought to pass wliat fore-

thought (on his journey to TAif) had failed to accomplish.

After having given up the Meccans, Mohammed was wont
to seek interviews with the Arabs who came to Mecca,
Majanna, Dhii '1-Majdz, and 'OkAz, for the purpose of taking

part in the feasts and fairs, and to preach to them.^ On
rne such occasion, in the third year before the Flight
' S..TI. 61.9-620), he fell in with a small company of citizens

^ if Medina, who to his delight did not ridicule him, as was
usually the case, but showed both aptness to understand
and willingness to receive his doctrines. For this they

had been previously prepared, alike by their daily inter-

course with the numerous Jews who lived in confederation

with them in their town and neighbourhood, and by the

connections which they had with the Nabatseans and
Christian Ai'abs of the north. Hanxfitism was remarkably
widely diffused among them, and at the same time there

were movements of expectation of a new religion, perhaps

even of an Arabian Messiah, who should found it. Medina
was the proper soil for Mohammed's activity. It is singular

lat he owed such a discovery to accident. He entered

ito closer relations with the pilgrims who had come from
thence, and asked them to try to find out whether there

vra,s any likelihood of his being received in their town.

They promised to do so, and to let him hear from them in

flie following year.

^t the pilgrim feast of next year, accordingly, twelve
caiizena of Medina had a meeting with Mohammed,^ and
§ave him their pledge to have no god but Alldh, to with-

hold their hands from what was not their own, to flee for-

nication, not to kill new-born infants, to shun slander, and
to obey God's messenger as far as was fairly to be asked.*

?\ret This is_ the so-called First Homage on the 'Akaba.* The
homage twelve men now returned, as propagandists of Islam, to

Tkala. ^'^^i' tomes with the injunction to let their master hear

of the success of their efforts at the same place on ihe

following year. One of the Meccan Moslems. Mos'ab b.

, 'Omair, was sent along with or after them, in order to teach

the people of Medina to read the Koran, and instruct them
ill the doctrines and practices of Islam.

I.slani spread very quickly on the new soil. It is easy

to understand how his joy strengthened the Prophet's

spirit to try a higher flight. As a symptom of his exalted

frame we might well regard his famous night-journey to

Jerusalem (sur. xvii. 1 -, vi. 2), if we could be sure that it

2ha

^t(

' Sur. jdvi. 2S ; Ixxii. 1. On the impossibility of historically fixing

the date o' this occurrence see Noldeke, op. cit., p. 101.
^ Muir (ii. 181 sy.) assumes, with good reason, that he had already

done so during the time when he was living in the Shi'b Abi Talib,

and assigns to this period the story that Abii Lahab followed him in

this in order to counterac*: his preaching, au(' sow tares among the

wheat.
^ Sprenger (ii. 526) identifies this meeting with tfce first, which tra-

dition distinguishes from it and places a year earlier. He is probably
tight.

* Afterwards this was called the women's oath. It is a noteworthy
nummary of the features by which Islam Is distinguished from
heathenism.

* On the 'Akaba compare Vakidi, pp. 417, 427, 429. It was a
station between 'Arafa aiid Min^

belonged to this period." The prophecy also of the final
triumph of the Eomans over the Persians (contained in
sur. XXX. 1 sqq.) might very well pass foy an expression of
his own assurance of victory, as at that time he tiill had a
feeling of solidarity ^nth the Christians. But the prophecy
(the only one contained in the Koran) belongs, it would
appear, to a much earlier date.'

At the Meccan festival of the last year before the Flight
(in March 622) there presented themselves among the pil-

grims from Medina seventy-tliree men and two women who
had been converted to Islam. In the night after the day of
the sacrifice they again had aa interview with the Prophet
on the 'Akaba ; Al-"Abb4s, his uncle, who after Abii TAlib's
death had become head of the Banil Hdshim, was also
present. This is the so-called Second Homage on the
"Akaba, at which Mohammed's emigration to Medina was
definitely settled. Al-'Abbds solemnly transferred his
nephew from under his o\vn protection to that of the men
from Medina, after these had promised a faithful discharge
of the duties this involved. They swore to the Prophet to
guard him against all that they guarded their wives anc
children from. He, on the other hand, promised thence-
forward to consider himself wholly as one of themselves,
and to adhere to their society. According to the tradition
this remarkable scene was brought to a close by a sudden
noise^

The Meccans soon got wind of the affair, notwithstand-
ing the secrecy with which it had been gone about, but
Ibn Obay, the leader of the Medina pilgrim caravan, whom
they questioned next morning, was able with good con-
science to declare that he knew nothing at all about it, as,

being still a heathen, he had not been taken into the con-
fidence of his Moslem comrades, and he had not observed
their absence over night. The Meccans did not gain
certainty as to what had occurred, until the men of Medina
had left. They set out after them, but by this they gained
nothing. They next tried, it is said, violently to prevent

I their own Moslems from migrating. After a considerable
pause, they renewed the persecution of the adherents of
the Prophet, compelling some to apostasy, and shutting up
others in prison. But the measures they adopted were in
no case effective, and at best served only to precipitate the
crisis A few days after the homage on the 'Akaba,
Mohammed issued to his followers the formal command to
emigrate In the first month of the first year of the The eau-

Flight (AprO 622) the emigration began; within two rafo"^

months some 150 persons had reached Medfna, Apart
from slaves, only a few were kept behind in Mecca.*
Mohammed himself remained to the last in Mecca, in the

company of Abiibekr and 'AJI His reason for domg so is

as obscure as the cause of his sudden flight. The explana-
tion odered of the latter is a plan laid by the Jleccans for
his assassination, in consequence of which he secretly

withdrew along with Abiibekr For two or three days the
two friends hid themselves in a cave of Mount Thaur.
south from Mecca, till the pursuit should have passed
over (sur. ix 40). They then took the northward road
and arrived safely in Medina on the 12th of 5abi' of the

first year of the Flight. ^ Meanwhile, 'All remained three

' See Muir, li. 219 sqq. ; Sprenger, u. 527 sqq. ; and on the other
side, Noldeke. Koran, p. 102. The vwsri was afterwards called
mi'rdj (ascension), and, originally represented as a vision, came to be
regarded as an objective though instantaneous occurrence.

'" See on the one hand Muir (ii. 223 sqq- ) and Sprenger (iL 527 sqq.),

and on the other Noldeke (Qoran, p. 102; Tabari, p. 298). The
manner in which Sprenger seeks to make the prophecy a valicirUum ex.

evenlu is unfair.

' Ibn Hisham. pp. 315 sq., 319 sq.

' The 12th of Rabi' is, according to tradition, the Prophet's birth-

day, the day of his arrival in Medina, and the day of his death. It
is certain that he died at mid-day on Mondav the 12th of Rabi', l>nt
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days longer in Mecca, for the purpose, it is alleged, of

restoring to its o»-ncrs all the property which had been

entrusted for safe keeping to the Prophet. The Koraish

left hira entirely unmolested, and threw no obstacle in the

way when at last he also took hLs departure.

With the Flight to Medina a new period in the life of

the Prophet begins; seldom does so great a revolution

occur in the circumstances of any man. Had he remained

in Mecca he would in the best event have died for his

doctrine, and its triumph would not have come until after

hi3 dtath. The Fli'.'ht brought it about that he, the

founder of a new religion, lived also to see its complete

victory,—that in his case was united all that in Christen-

dom is separated by the enormous interval between Christ

and Constantine. He knew how to utilize Islam as the

means of founding the Arabian commonwealth ; hence the

rapidity of its success. That this was of no advantage for

the religion is easily understood. It soon lost the ideality

of its beginnings, for almost from the first it became

mixed up with the dross of practical considerations. In

reaching its goal so soon its capability of development was

checked for all time to come ; in every essential feature it

received from Mohammed the shape which it has ever

since retained. It ought not, however, to be overlooked

that the went of ideality and spiritual fruitfulness was

partly due to its Arabian origin.

Mohammed in the first instance took up his quarters in

the outlying village of Kobii, where several of his most

::ealous adherents had their homes, and had already built

a mosque. It was not until after some days had passed,

and he had made himself sure of the best reception, that

. he lemoved to the city itself, which at that time bore the

name of Yatbrib. All were anxious to have him ; in order

that none night feel themselves slighted, ho left the de-

cision to the camel (al-Kaswa) on which he rode. It

knelt down in an open space in the quarter of the Banii

Najjar, which he accordingly selected as the site of the

mosque and of his own house. At first he took quarters

for seven monthj in the house of Abii Ayyiib ; within this

interval the jnosque was finished, which was to serve at

once as the place of religious gatherings and as the com-

mon hall. Close to it was the Prophet's private dweUing,

consisting of the huts of his wives, in one or other of

which he lived. At that time he had only one wife, the

SJauda already mentioned ; but soon he married, in addi-

tion, the youthful 'Aisha, the daughter of his friend

Abubekr, who acquired great influence over him. Some
of the leading cmi^ants built houses in the same neigh-

bourhood, while the rest c'ontinued to be quartered with

the people of Medina.

Medina is situated on a westward spur of the Arabian

tableland, on the Wadi Kan4t. It is an oasis amongst

barren rocks, mostly of volcanic origin. The inhabitants

supported themselves by their date palms and by the field

and garden fruits that grew under their shadow ; they had

their homes partly in the town itself and partly in the

suburbs and outlying villages. At one time the oasis had
belonged to the Jews, as the similar oases to the north

still did—Wadi 'l-KorA, Khaibar, Fadak, Taiml But
some centuries before Mohammed's time, Arabs of Yemen,
the Banii Kaila, had immigrated and partially driven the

Jews away. Many Jews, however, still continued to live

there, partly scattered among the Arab tribes and under

their protection, partly also in independent communities
such as the Kaincki, the Nadir, and the Koraiza. For
them it was a great advantage that the Arabs were not

agreed among themselves. The Band Kaila were divided

the other Ktatementg are all the more suspicious because they also

J9f>«ak of Monday auil midday. Comp. Nuldeke, Q^rar', p. 59 vj.

into two branches, the Aus and the Khazraj, who were

constantly at daggers drawn. The mutual hate which

burned within them, from time to time manifested itself in

murder and assassination, if by any chance one of the Aus

had wandered into a Khazrajite quarter, or vice ve-rsd.

Shortly before the arrival of Mohammed, the battle of

Bo'Ath had taken place within the liberties of Medina, in

which the Aus, with the help of their Jewish allies, had

vanquished the Khazraj and broken their preponderance.

The Khazraj were the more numerous and powerful, and

seem to have been on the point of making their leading

man, Ibn Obay, the king of Jledina; by the battle of

Bo'ith the balance of parties—and anarchy—was pre-

served in the interests of a third, who came in at the right

moment to settle these feeble and exhausting feuds and

restore order.

The circumstances were singularly fitted to change the

religious influence which Mohammed brought along with

him into another of a political character, and from being a

prophet to make him the founder of a commonwealth. The
Arabs had hitherto been accustomed to lay before their

Kihins, br priestly seers, at the sanctuaries, for decisiou in

God's name, all sorts of disputes and hard questions which

ordinary means were inadequate to decide. The religious

prestige which Mohammed enjoyed led directly to his

being frequently called in as adviser and judge. In
Medina quarrels and complications were abundant, and an
authority to stand over both parties was much needed.

Mohammed met this need in the manner which was most
acceptable to the Arabs ; the authority he exercised did

not rest upon force, but upon such a voluntary recognition

of the judgment of God as no one had any need to be
ashamed of.* In principle, it was the same kind of judicial

and public influence as had been possessed by the old

KAhins, but its strength was much greater. This arose

not only from the peculiarly favourable circumstances, but
above all from Mohammed's own personality. It is im-
possible to understand the history until one has mastered
the fact of his immense spiritual ascendency over the

Arabs. The expedient of giving oneself out for the mes-
senger of God, and one's speech as the speech of God, is

of no avail to one who finds no credence ; and credence
such as Mohammed received is not given for any length of

time either to an impostor or a dupe. Even the respect

in which he was held as a prophet would have helped him
little if his decisions had been foolish and perverse. But
they were in accordance with truth and sound understand-
ing ; he saw into things and was able to solve their riddle

;

he was no mere enthusiast, but a thoroughly practical

nature as well.
,

It was not long before he was able to demand as of right

that which, in the first instance, had been a voluntary tri-

bute. " Every dispute which ye have one Vi-ith another
ye shall bring before God and Mohammed ;" so runs the
text in the original constitution for Medina, set up in the
first years after the Flight 2; and in the Koran a rebuke is

given to those who continue to seek the administration of

justice at the hands of the false gods, i.e. of their priests

and seers.5 With incredible rapidity the Prophet as a
veritable "hikim biamr Alldh" had come to be the most
powerful man in all Medina.

', Very significant is it thit the Moslems were ready to suhinit even
to punishment with stripes, if awarded by God.

= Ibn Hishim, 342, 17.

' Ibn Hisbam, 360, 8 sqq. Jolis b. Scwaid and other hypocrites
were summoned before Jloliammed by their believing relatives on ac-
count of some dispute ; but they in their turn summoned the plaintiffs

before the Eihins, who in the days of he.athenism had been tlieir

judges. It was with reference to this that sur. iv. 63 was revealed

—

" Hast thou not taken note of those who profess to bo believers, yet
wish to carry on their suit before the false gods ?"
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MoLammed thus laid the foundations of his position in

a manner precisely similar to that which Moses (Exod.
xviii.) is ^id to have followed ; and just as the Torah grew
out of the decisions of Moses, so did the Sunna out of those

of Mohammed. It was perhaps in judicial and regulative

activity, which he continued quietly to carry on to the

very end of his life, that his vocation chiefly lay. At all

events his work in this direction was extremely beneficial,

if only because he was the creator of law and justice where
previously there had been nothing but violence, self-help,

or at best voluntary arrangement. But the contents of

his legislation also (if it can be called by such a name)
marked a distinct advance upon what had been the previ-

ous use and wont in Arabia. In particular, he made it

his special care to set a fence round the rights of property,

and to protect and raise the place of woman in marriage.

Blood revenge he retained indeed, but completely altered

its character by reserving to himself the right of permitting

it ; in other words, the right of capital sentence. It need

not be said that in many ways he availed himself of that

which already existed, whether in the form of Arab usage

or of Jewish law; he followed the. latter, in particular, in

his laws relating to marriage.

The new situation of affairs inevitably brought it about

that religion was made a mere servant in the work of

forming a commonwealth. Never has this service been

better performed ; never has it been utilized with greater

adroitness as a means towards this end. In Mecca, Islam

had originally been nothing more than the individual con-

viction of Mohammed ; it was only after severe struggles

that he went so far as to preach it, and even his preaching

had no other aim than to create individual conviction in

others. What he said was of the simplest description

—

that people ought to believe in God and in judgment to

:ome, that men ought to live their lives seriously and not

waste them in fellies, that one ought not to be high-minded

or covetous, and so on. A community arose, it is true,

even in Mecca, and was confirmed by the persecutions.

There also religious meetings were held and social prayers.

But everything was still in a very flmd and rudimentary

stage ; religion retained its inward character. It was not

until the first two years after the Flight that it gradually

lost this, and became, if not exclusively, yet to a very large

extent, a mere drill system for the commimity.^ No god
but the one God (Id Udh Ula 'Uih) was the entire simi of

their dogmatic, and less importance was attached to belief

in it than to profession of it. It was the watchword and
battle-cry. The prayers ^ took the form of military exer-

cises ; they were imitated with the greatest precision by
the congregation, after the example of the Imdm. The
mosque was, in fact, the great exercising ground of Islam

;

it was there that the Moslems acquired the esfirii de corps

and rigid discipline which distinguished their armies.

Ne3rt to the monotheistic confession (tauhld) and to

prayer (saldt) came almsgiving (zakdt, sadaka) as a third

important means by which Mohammed awakened and

brought into action among hisfollowers the feeling of fellow-

ship. The alms by and by grew to be a sort of tithe, which

^ This is to be understood as applying to the system as a whole.

Of course, there are always individuals who break through system
;

but the historical power of Islam rests upon the system. To the

system also belongs the spiritual jargon which Mohammed introduced.

It was no longer permissible to say " Good morning I ' ('im sabihan),

the phrase now ran, " Peace be with thee 1" and on every occasion

pious forms of speech were demanded. Characteristic of the puritan-

ism of the system is the prohibition of wine and of gaming, first issued

in the years immediately following the Flight, and the contempt for

poetry.
^ They were five in number—at sunri'te, noon, afternoon, sunset, and

late evening. Each prayer consisted originally of two, afterwards of

four, prostrations. The chief weekly public service (jom'a), with ser-

mon, was held on Friday at mid-day.

afterwards became the basis of the Moslem fiscal system,
and so at the same time the material foundation of the
Moslem state. Religion received so practical c develop-
ment that of alms nothing but the name remained, and
the convenient fiction that the taxes had to be paid to God.

Just in proportion to the closeness of the iinion into
which Islam brought its followers did its exclusiveness
towards them that were without increase. If in Mecca
Mohammed in his relations to the other monotheistic reli-

gions had observed the principle, " he that is not against
me is for m.e," in Medina his rule was "he that is not for

me is against me." As circumstances were, he had to ad
just matters chiefly with the Jews. Without auy intention

on their part, they had helped to prepare the ground for

him in Medina ; he had great hopes from them, and at first

treated them on no difi'erent footing from that of the Arab
families which recognized him. But as his relations with
the Aus and Khazraj consolidated, those which he had
with the Jews became less close. The conjunction of reli-

gious with political authority, the development of civil

polity out of religion, of tTie kingship from the prophetic
function, was precisely what they objected to.^ On the
other hand, while the old polity of Medina, broken up and
disorganized as it was, had no diflSculty in tolerating
foreign elements within its limits, the new political system
created by Islam changed the situation, and rendered it

necessary that these should be either assimilated or ex-

pelled.

Mohammed's hostility to the Jews- found expression, ia
the first instance, theoretically more than practically,^ aid.

especially in the care vrith which he now difi"erentiated

certain important religious usages which he had taken over
from Judaism, so that they became distinguishing marks
between Islam and Mosaism. Thus, for example, he altered

the direction of prayer (Kibla), which formerly used to be
towards Jerusalem, so that it now was towards Meci.'a

;

and for the fast on the 10th of Tisri ("Ashiird) he sub-

stituted that of the month of Ramadan.^ In appointing
Friday as the principal day of public worship, he may also

possibly have had some polemical reference to the Jewish
Sabbath. Of these alterations the greatest in positive

importance is the transference of the Kibla to Mecca. It

symbolizes the completion of the Arabizing process which
went on step by step with the change Islam underwent
from being an individual to being a political religion. In
substituting the Meccan Ka'ba for the sanctuary at Jeru-

salem, Mohammed did not merely bid farewell to Judaism
and assert his independence of it ; what he chiefly did was
to make a concession to heathenism, and bring about a
nationalization of Islam, for the purpose of welding together

the Arab tribes (Kabdil) into one community. Of similar

significance was the institution of the feast of sacrifice (Id

al-dohi) on the day of the Meccan festival. The Moslems
were to observe the latter as much as possible, even if they

could not be actually present on the spot.

Thus we have the five chief precepts of Islam—(1) Con-

fession of the unity of God
; (2) stated prayer

; (3) alms-

giving
; (4) the fast of Ramadan

; (5) observance of the

festival of Mecca. Capable of having deeper meanings

' While Islam had the effect of uniting the Arabs politically, uni-

formity of religion in the case of the Jews had no such effect ; on the

contrary, the mutua! feuds and hatreds in which they indulged con-

duced greatly to the advantage of the Moslems. The Jews, of course,

recognised Mohammed's supremacy as a fact, but they denied any legal

title thereto as arising from his prophetic office.

< Compare the well-known second siira, in which a long attack is

made on Judaism.
' A connection with the Christian fasts is usually alleged. It is

possible that Christian influence-may have to do with the long duratiou

of the fasts, but it cannot have anything to do with the selection of

Ramadan ; for in the first years after the Flight, Ramadan fell not in.

Spring but in December.
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>nders.

attached to them, but meritorious also, cveu in a merely

external observance, they were an excellent instrumentality

for producing that esprit de corps, that obedience to Allih

and his messenger, which constituted the strength of the

Moslem systenu Up till that time blood-relationship had

been the foundation of all political and social relations in

Arabia ; upon such a fou"dation it was impossible to raise

any enduring edifice, for blood dissociates as much as it

unites. But now, religion entered upon the scene as a

much more energetic agent in building the social structure

;

it ruthlessly broke up the old associations, in order to

cement the thus disintegrated elements into a new and

much more stable system. The very hearts of men were

changed ; the sanctity of the old relationships faded away

in the presence of Allih ; brother would have slain brother,

had Mohammed willed it. The best Moslem was ho who

was the most remorseless in separating from the old and

attaching himself to the new ; Mohammed gave preference

to active natures, even if they occasionally kicked over the

traces ; contemplative piety received from him only the

praise of words. Over the anarchical rule of a multi-

tude of families the sole sovereignty of God came forth

triumphant ; its subjects were united by the firmest of all

bonds. Every Moslem was every Moslem's brother, and,

as matter of course, took his part as against every non-

Moslem. Outside of Islam there was neither law nor

safety; AllAh alone was powerful, and he protected those-

only who acknowledged his sole sovereignty.

.gmi. The Emigrants (Mohdjira), who along with the Prophet
grants had fled from Mecca, were the kernel and the cement of
iod De.

jjjg community. It was made all the easier for them to

give effect to the fundamental principle, that citizenship

in Medina depended not on family but oh faith, because the

natives themselves (Ans.lr, "the Defenders"), consisting of

Aus and Khazraj, neutralized one another by their mutual
enmity. Mohammed seems at first to have cherished the

design not only of entirely diso^miing relationship wilh

non-Moslems, but also of obliterating as much as possible,

within Islam, the distinctions of blood, by means of the

common faith. He established between emigrants and
individual citizens of Medina relationships of brotherhood,

which also involved hcirohip. But he soon abandoned this

line, and expressly recognized the validity and sacredness,

within Islam, of the old rights of family and inheritance

(sur. viii. 76). Thus he refrained from carrying out to

its full logical consequence the theoretical principle of

equalization, but on practical grounds permitted the old

order of society to continue. At a subsequent period, he
even conceded to relationship and the ties of blood far

larger rights than were compatible with Islam, and thus
himself laid the foundations of the violent quarrel nhich
rent the community, more particularly in the time of the

Omayyads. Similarly it might be said that communism
was originally involved in the principles of Islam ; but it

is characteristic that from the first the alms were less em-
ployed for the equalization of society, than for strengthening
the hands of the ruling power. It frequently happens that
a religious revolution finds expression also in the region of
social polity ; but it is remarkable to observe how Islam
utilized the rehgious leaven from the first for a positive re-

organization of society, and neutralized the destructive
tendency which that leaven is wont to show in political

affairs. It did not indeed succeed in totally destroying the
radical tendency, as the history of the caliphate shows.
But, on the whole, the equality before God which Islam
teaches interfered hardly at all with the subordination of
men to their human leaders; both were demanded by
religion, both were taken sincerely, and each was found,
lin practice, reconcilable with the other.

^

That this new and drastic principle, thrown into the

chaos of existing relations, must have exercised a mighty

power both of attraction and repulsion is obvious. More

than one naive expression bears witness to the astonish-

ment with which the Arabs regarded the strange spirit

which animated the community of ihe Moslems—the firm-

ness n-ith which they held together, the absolute and wil-

ing obedience which they gave to their leaders, the reck-

IcKuess with which they disregarded everything that before

Islam, or outside of it, was looked upon as holy. Some

natures felt themselves attracted by these peculiarities,

especially if on other grounds they felt little diiRculty in

severing themselves from their old connexions ; but, on the

whole, feelings of antipathy prevailed. Even in Aledina

itself this antipathy was widespread. The so-called hypo-

crites (mon4fi!.cun) were either only half-attached to the

Prophet or in their inmost hearts unfavourably disposed

;

they were kept from overt action partly by the absence of

a decided opinion, partly by the terrorism which the con-

vinced Moslems exercised. The reproach of hypocrisy

brought against them means chiefly that they did not

manifest a full acceptance of the new political relations.

They could not reconcile themselves to the position of

having never a word to say in their own town, and of

being compelled to obey the Prophet from Mecca and those

who had come with him. For a time the danger was

imminent that all Medina (the Emigrants of course ex-

cepted) might be infected with hypocrisy, if one may call

it h}-pocrisy when for a moment natiu-e and blood asserted

themselves against religious discipline and burst its bonds.

The younger portion of the community, however, was on

the whole enthusiastic for Mohammed ; the hypocrites

were for the most part older men, especially heads of

families, who found it dLSicult to put up with the loss of

political influence which they were suffering. As chief of

their number Ibn Obay is always named, the foremost

man of Medina, whom the Khazraj had thought of crown-

ing as king, before matters were so fundamentally changed
by Islam. Mohammed's attitude towards him and the

hjqjocrites in general was that of connivance,—thoroughly

appropriate here, where political rather than religious aft'airs

were involved, and the question was one less of principle

than of power.

The founding of the state upon the feeling of fellowshiji

generated by religion, was without question the Prophet's

greatest achievement : the community of Medina was the

tool, its heroic faith the force, by means of which Islam
attained the results which figure so largely in the history

of the world.i Moslem tradition, however, does not stop to

inquire what it was that constituted the inward strength of

I.-lam, but goes on at once to relate what were its outward
manifestations. Its information on the subject of the period

of Jlohammed's sojourn in Medina is given under the title of

"the campaigns (maghdzf) of the apostle of God." With
a few of the smaller tribes in the neighbourhood of Jledina
(Johaina, Mozaina, Ghifdr, Aslam), and with the KhozA'a,

Mohammed maintained relations of peace and amity

;

benevolent neutrality gradually grew into alliance, and
finally union wth the commonwealth of Jledina. But
towards all the rest of Arabia his very principles placed
hira in an attitude of war. Ever since Islam from being
a religion had become a kingdom, he was conijielled to

vindicate, by means of war against unbelievers, its claims
to supremacy ; the conflict of principles had to be settled
by the sword, the sole sovereignty of AlUh demonstrated

' The credit of being the founder of the Moslem state cannot be
transferred to 'Oinar, but must be left with Mohammed. It was not
'Omar who created that feeling of oneness which enabled liim, for ex-
ample, suddenly to recall a general like Khalid from his career of victory
without eliciting a murmur. The miracle is the "primitive cell" of
Medina, not the fact that in course of time success gave it the force of
au avalanche.
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by force to the rebels who showed unwillingness to accept

it. More literally than Christ could Mohammed say of

himself that he was come not to bring peace but a sword.

Islam was a standing declaration of war against idolaters.

The nearest object against which to direct the holy war
(jihdd) was presented by the Meccans. Against them first

did Mohammed bring into operation the new principle, that

it is faith and not blood that separates and unites. Ac-

cording to Arab notions it was a kind of high treason on

his part to leave his native town in order to join a foreign

society ; on the part of the people of Medina it was an

act of hostility to Mecca to receive him among them.

The !Meccans would have been fully justified on their side

in taking arms against the Moslems, but they refrained,

being too much at their ease, and shrinking besides from

fratricidal war. It was the Moslems who took the initia-

tive ; aggressiveness was in their blood. Mohammed
began with utilizing the favourable position of Medina, on

a mountain spur near the great highway from Yemen to

Syria, to intercept the Meccan caravans. Originally he

sent forth only the Emigrants to take part in the expedi-

tions, as the people of Medina had pledged themselves to

defend him only in the event of his being attacked ; soon,

however, they also joined him. What first induced them
to do so was the prospect of booty ; afterwards it was im-

possible to separate themselves, so great was the fusion of

elements which had been quietly going on within the

crucible of Islam.

The first plunder was taken in the month Rajab, a.h. 2

(Autumn 623), in which circumstance was at once seen the

advantage arising from the change of conscience brought

about by the new religion ; for in Rajab feuds and plun-

dering raids were held to be unlawful. Relying upon the

sacredness of this month a caravan of Koraish was return-

ing from TAif laden with leather, wine, and raisins. But
this did not prevent Mohammed from sending out a band
of Emigrants to surprise the caravan at Nakhla, between

T4if and Mecca ; his orders to this efi"ect were given in a

document which was not to be vinsealed until two days

after the departure of the expedition. The plan was carried

out, and the surprise was all the more successful, becaiise

the robbers gave themselves the outward semblance of

pilgrims ; one Meccan was killed in the struggle. But
the perfidy -with which in this instance Mohammed's ad-

vanced religious views enabled him to utilize for bis own
advantage the pioiis custom of the heathen roused in

Medina itself such a storm of disapproval, that he foimd

himself compelled to disavow his own tools. In Moham-
medan tradition, the contents of the unambiguous document

in which he ordered the surprise are usually falsified.

The Koraish stiU remained quiet ; another outrage had
yet to come. In Ramadan A.H. 2 (December 623), the

return of their great Syrian caravan was expected, and
Mohammed resolved to lie in wait for it at Bedr, a favour-

ite watering-place and camping -ground, northward from

Medina. For this purpose he set out thither in person

along with 308 men ; but the leader of the caravan, the

Omayyad Abu Sofyin, got word of the plan and sent a

messenger to Mecca with a request for speedy help. Con-

cern about their money and goods at last drove the Koraish

to arms ; a very short interval found them, 900 strong, on

the road to Bedr. By the way they received intelligence

that the caravan had made a circuit to the west of Bedr,

and was already in safety. Nevertheless they resolved, at

the instance of the Makhzumit Abil Jahl, for the sake of

their honour, to continue their march. WTien the Moslems

first got touch of them at Bedr, they took them for the

•caravan ; their surprise on discovering the truth may be

imagined. But, kept firm by the courage of their leader,

they resolved to face the superior numbers of the enemy.

On the morning of Friday, the 17th of Ramadan, the

encounter took place. A number of duels were fought in

the front, which were mostly decided in favour of the

Moslems. The Meccans at last gave up the fight, strictly

speaking for no other cause than that they did not see any
reason for carrying it on. They were reluctant to shed
the blood of their kinsmen ; they were awestruck in pre-

sence of the gloomy determination of their adversaries,

• who did know what they were fighting for, and were
absolutely reckless of consequences. After a number oi

the noblest and oldest of the Koraish, including at last

Abii Jahl, had fallen, those who remained took to flight.

The number of the dead is said to have been as great as

that of the prisoners. Two of the latter, whom he per-

sonally hated, Mohammed caused to be put to death

—

•'Oljba b. Abl Mo'ait and al-Nadr b. al-Hdrith. When
the last named had perceived, from the Prophet's malignant
glance, the danger in which he stood, he implored an old
friend of his among the Moslems for his intercession. This
request being refused, al-Nadr said :

" Had the Koraish
taken thee prisoner, thou hadst not been put to death as
long as I had lived ;" to which the apologetic reply was

:

" I do not doubt it, but I am differently placed from thee,

for Islam has made an end of the old relations." To the
remaining prisoners life was spared on payment By their

kinsmen of a heavy ransom ; but Mohammed is said to

have afterwards reproached himself for having allowed
considerations of earthly gain to keep bim back from send-

ing them all to hell as they deserved.

The battle of Bedr is not only the most celebrated of Effect

battles in the memory of Moslems ; it was really also of °f ^^*

great historical importance. It helped immensely to^*"'*
strengthen Mohammed's position. Thenceforward open
opposition to him in Medina was impossible ; families

which had hitherto withdrawn themselves from his influ-

ence were so thoroughly cowed bj- some atrocious murders
carried out in obedience to his orders, that they went ovei,

to Islam. He was now in a position to proceed to break
up the autonomy of the Jews. In the first instance, he
addressed himself to the weak Banii Kainoki, demanding
their acceptance of Islam : on their refusal, he took the
earliest opportunity that offered itself to declare war against
them. After a short siege they we're compelled to surren-

der; and they might congratulate themselves that their old
ally, Ibn Obay, was able to concuss the Prophet into sparing
their Uves, and contenting himself with their banishment
from Medina. Soon afterwards other blows were struck,

in the shape of assassinations, by means of which Moham-
med put out of the way several of the Jews whom he hated
most, such as Ka'b b. al-Ashraf and Ibn Sonaina.' The
state of fear to which the rest were reduced may readily

be imagined ; they came to the Prophet and begged him
to be propitious. If in other days their dislike had found
somewhat public expression in all sorts of witticisms and
scornful sayings, they were now at least modest and quiet,

and kept their hatred to themselves.

The Meccans also were very deeply impressed by the
defeat inflicted on them by the Moslems. They saw clearly

that the blow must be avenged, and they took comprehen-
sive measures for their campaigi}. After a year's delay,

their preparations being now complete, and their aUiea

^ The mxirderer of Ibn Sonaina was Mohayyisa b. Mas'dd, of whose
elder brother, Howaisa, he had been a sworn ally. Howaisa stmck the
murderer in consequence, and reproached him with his treacherous
ingratitude, saying that much of the fat in his body had come from
the estate of the Jew. Mohayyisa's reply was : "If he who bade mo
kill him were also to bid me kill thee, I should obey." The brother,
amazed, asked him if he was serious, and Tirben the other assured him
that he was, Howaisa exclaimed :

" By God, a religion which brings it

to this is a stupendous one, " and forthwith became a convert. The
story ( VaJcidi, p. 98) is too characteristic to be passed over.
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(Ahibfsh) assembled, they set out und?r the command of

Abii Sofy4n, and without any check reached Medina, where

they pitched their camp to the north-east of the city, in

the green corn-fields by Mount Ohod. In Medina the

elders were for awaiting the attack on the town and de-

fending themselves within it, but the young men hurried

the Prophet into the determination to meet the enemy

without the gates; this resolution once come to he per-

severed in, even after those who had urged him to it had

changed their minds. On the morning of Saturday, the

7th of Shawwal, a.h. 3 (Jan. Feb. 625), the armies met.

At first the battle seemed to be going once more in favour

of the Moslems; one after another the standard-bearers

and champions of the enemy fell, the whole host wavered,

and even the camp was gained. But here their lust for_

plunder did them an evil turn. Mohammed had covered

his left flank against the Meccan horsemen by a number

of bowmen, whom he had ordered on no account to leave

their post. But as soon as they saw that the enemy's

camp was taken, they threw off all discipline, and

determined to have their share of whait was going. It

thus became possible for the Meccan cavalry to fall upon

the Moslem rear, and snatch back the victory that bad

already been won. In the confusion which now ensued

Mohammed himself was wounded in the face, and for some

time lay for dead on the ground. Among the slain wis

found his uncle, Hamza b. 'AbdalmottaUb, "the lion of

God ; " his liver was cut out and carried to Abii Sofyiln's

wife, Hind bint 'Otba, whose father had been killed by

Hamza at Bedr. But the Meccans did not know how to

follow up their triumph. Instead of at once attacking

Medina— where, to be sure, a second struggle with Ibn

Obay, who with his following had not taken part in the

battle at Ohod, would have been necessary— they con-

tented themselves with the honour of their victory, and

took the road home, after having summoned the Moslems

to a repetition in the following year of the duel at Bedr.

Mohammed even pursued them for a short distance on the

following day (as far as to Hamr4 al-Asad), of course only

for the sake of appearances, that the Arabs might not

suppose him to have been daunted by his defeat,

rtann _ Nothing came of the proposed meeting at Bedr, the
' '^ Meccans failing to put in an appearance. The principal
•rpellea.

g^g^j ^f j^-^ ^ ^3^3 ^^jjg expulsion of the Banii Nadir,

'the most distinguished and powerful Jewish family in

Medina (Summer 625). Mohammed, under some pretext,

suddenly broke with them and ordered their departure

within ten days, on pain of death. Relying upon the

support of Ibn Obay, they resolved to resist, and sus-

tained a siege within their walls ; but the ally they had
counted on proved a broken reed,^ and they were soon

compelled to surrender. They were permitted to with-

draw, taking along with them all their movable property

except their arms. With music and roll of drum, the

women in gala dress, they marched through the streets of

Medina, on their way to Khaibar, where they had pro-

perty. Their land the Prophet appropriated to himself

(sur. lix. 7) ; the income derived from it could be em-
ployed to meet the numerous claims that were made upon
him. He seems also to have handed over some of it to

the Emigrants, who until then had acquired no property

in land in Medina.

Meanwhile, the Bantl Nadir were not idle in Khaibar,

but left no stone unturned to annihilate their mortal

enemy. They succeeded in bringing about an alliance of

the Koraish and the great Bedouin tribes of Solaim and
GhatafAn, for the suppression of Islam. In the month

' The sympathy shown by many scholars for Ihn Obay, -whose weak-

ness degenerated into faithlessness is unjustified.

Dhii '1-ka'da, a.h. 5- (March 627), the three armies set

out, 10,000 strong, under the command of Abii SofyAn.

Mohammed received word of this through the Khozi'a,

who secretly played into 1 his hands, and on this occasion

he resolved, not as formerly to offer battle on the open

field, but to make preparation for_a siege. For the most

part the houses of the town were built so close to one

another as to make a continuous wall ; at the no_rth-west

corner only was there a wide open space, through which an

enemy could easily effect an entrance. Here Mohammed,

with the advice and direction of the Persian freedman

Salmon, drew a ditch, behind which he entrenched him-

self with the Moslems, the hill of Sal'- protecting their

rear. This fosse, which has become famous, and has even

given its name to the entire campaign (the War of the

Fosse), fully served its purpose. The enemy wth their

cavalry perseveringly directed their attack on this spot,

but were constantly repelled by the vigilant and courageous

defence of the fosse. They at last gave up all hope of

reaching their end in this way, unless a simultaneous

attack were to succeed in another quarter. To assist

them in this, they endeavoured to stir up the Koraiza, the

last autonomous family of Jews still remaining in Medina,

having their settlements in the south-east of the town.

The Nadirite Hoyay b. Akhtab, the most zealous promoter

of the alliance against Mohammed, undertook charge of

the negotiations, and succeeded at last in persuading their

prince, Ka'b b. A^sad, to break his pact of neutrality with

the Moslems. But nothing came of it. The Jews doubted

the perseverance of the Koraish and theix allies—they had
their fears lest, if the struggle proved a protracted one, the

besiegers might withdraw and leave them to their fate.

They accordingly demanded hostages in security against

such an event, being otherwise determined not to break
up all hope of reconciliation with Mohammed by entering

the contest. This attitude, in turn, aroused suspicion on
the part of the besiegers, whom it was not difficult to con-

vince that the Jews were demanding hostages of them for

the purpose of handing them over to Mohammed, and so
making their peace with him. All this crippled their activi-

ties still more than did the failure of their own attacks upoa
the fosse. The season also was against them ; the weather
was windy, the nights extremely cold, and, worst of all, the
fields yielded nothing. From this cause the chief sufferers

were the Bedouins, who had brought no forage for their

camels and horses. Mohammed, who appears to have been
kept well informed of their mood, judged it expedient to

open negotiations with them. These were soon broken off

indeed, but the mere fact that the Ghatafdn had ever
entered upon them was enough to create mutual suspicion

amongst the allies. One stormy night the Meccans
suddenly raised the siege, after it had lasted fourteen
days, and returned home; they were followed by the
GhatafAn and Solaim. It was with no small joy that the
Moslems on the following morning discovered the de-
parture of the enemy ; it would have been impossible for
them to have held out much longer, exhausted as they
were, not less by cold and hunger, than by the fatigues of
constantly mounting guard. As soon as Mohammed had
given them permission to leave the camp beside the hill

of Sal", they dispersed with the greatest alacrity to their

homes.

Mohammed, however, did not allow them much time to
recruit. Hardly had they reached their abodes, when he
again called them to arms against the treacherous Koraiza.
The unlucky Jews had been given over to the sword by
the withdrawal of the allies; a siege of fourteen days
compelled them to surrender unconditionally. The men

' Now the citadel; it would seem.
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Trere driven in chains to the house of Osdma b. Zaid,
whence on the following morning Mohammed caused them
to be brought one by one to the market-place of Medina,
and there executed. This continued tUl late in the even-
ing. They vere six or s^ven hundred in number, and
among them was the Nadirite Hoyay b. Aihtab, the
author of the War of the Fosse, who had left the Meccans
to join his fortunes with those of the Koraiza. By
accepting Islam these men could have saved their lives,

but they preferred death. No more magnificent martyrdom
jj3 known to history. The women and children were sold

into slavery ; one young woman oidy, Banina, suffered the

penalty of death for having broken the head of a Moslem
with a millstone during the siege. Withjoyous heart and
smiling face she went to meet her death, never forgotten

by 'Aisha, with whom she was when her name was called.

The Prophet selected for himself the fair Raihdna, and
married her, after having caused her to become a convert

to Islam.

The War of the Fosse was the last attack made by the

Koraish upon Medina ; Mohammed now began to take the

offensive towards Mecca. This he at first set about with

extreme diplomacy, utilizing the festival, and the truce of

God subsisting at the time of the festival, for the purpose

of paying a visit to his native town. Although unsuccess-

ful in winning to his side the neighbouring tribes of

Bedouins, it was nevertheless with a considerable following

(1500 men) that in Dhii '1-ka'da a.h. 6 (March 628),i he set

out on his journey. In a dream he had had the key of

the Ka'ba delivered to him ; on the strength of this his

followers believed firmly in the success of the expedition.

But the Koraish were determined that the pretext of pil-

grimage should not avail their adversary ; they summoned
their allies and formed a camp to the north of their town

for the purpose of preventing the entrance of the Moslems.

Hodai- Jlohammed was forced to halt at Hodaibiya on the borders

^iya- of the sacred territory, and it was in vain that by fair

speeches he sought to obtain permission to make the

circuit of the Ka'ba. He felt himself too weak to force

his way, and accordingly preferred to treat. While the

envoys were passing to and fro, there suddenly arose an

alarm in the Moslem camp ; they apprehended a sudden

act of treachery on the part of the Meccans. It was on

this occasion that the famous Homage under the Tree took

place, when Mohammed pledged his followers by striking

hands that they would stand by him and go to death for

his sake. Some of the Koraish agents witnessed the scene,

and were immensely impressed by it ; such an enthusiastic

obedience as Mohammed received, such an ascendency over

the minds of men as he exercised, they had never before

conceived to be possible, and on their return they urged

their people in "the strongest way not to permit matters to

come to extremities. The Koraish accordingly judged it

best to offer a bargain with Mohammed, the terms being

that for this year he was to withdraw, so that the Arabs

might not say that he had forced an entrance, but that on

the following year he was to return and be permitted to

remain three days within the sacred territory for the

purpose of sacrifice. After some discussion Mohammed
accepted this proposal, although zealous Moslems detected

a discreditable shortcoming in matters of faith, in so far as

it involved turning back within sight of the Ka'ba without

being allowed to accomplish the sacred circuit. When the

agreement was to be committed to writing, Mohammed
dictated the words ;

" In the name of All4h, the merciful

Eahmdn";'' but the Meccan plenipotentiary, Sohail b.

'Amr, declared that he knew nothing about Rahmdn, and

» Noldeke, Tabari, p. 303, note 1 ; Vakidi, p. 18.

• Rahmin is a name of God which Mohammed had taken from the

Jews and nsed with special preference.

insisted upon the customary formula—" In thy name, A114-
homma !

" The Moslems murmured, but Mohammed
yielded. He then went on "to dictate :

" This is the treaty
of peace between the apostle of God." . . . Sohail anew
protested ; to acknowledge Mohammed as the apastle of

God, would be to declare himself his follower ; the de-

signation ought to be simply Mohammed b. 'Abdallih. The
Moslems murmured louder than before, and refused to
consent to the change. The heads of the two tribes of

Medina, Osaid b. Hodair and Sa'd b. 'Obida, held the
hand of the scribe and declared that "Mohammed the
apostle of God " must be written, or the sword must de-

cide. The Meccan representatives whispered to one
another words of amazement at the spirit displayed by
these men. But Mohammed made a sign to the zealots

to hold their peace, and again gave way (sur. xvii. 110).

The writing which now took shape ran as follows :

—

" In thy name, God I This is the treaty of peace concluded Thi,

by Mohammed b. 'Abdallah and Sohail b. 'Amr. They have agreed treat

to allow their arms to rest for ten yeara. During this time each
party shall be secure, and neither shall injure the other ; no secret

damage shall be inflicted, but uprightness and honour prevail be-

twixt us. Whosoever wishes to enter into treaty and covenant with
Mohammed can do so, and whosoever wishes to enter into treaty

and covenant with the Koraish can do so. Rut if a Koraishite

comes without permission of his guardian (Wali) lu Mohammed, ha
red up ; but if, on the <

people comes to the Koraish he shall not be delivered up. This
shall be delivered up ; but if, on the other hand, one of Mohammed's

year Mohammed with his companions must withdraw from us,' but
next year he may come amongst us and remain for three days,

yet without other weapons than those of a traveller, the swords

remaining in their sheaths."

The first result of the treaty was that the Khozd'a de-

clared for aUiance with Mohammed ; while, on the other

hand, the Bekr b. KinAna joined themselves to the

Koraish.
-'

To compensate his followers for the apparent resultless-Wai-wi-

ness of this expedition, Mohammed immediately after
Khiib»

their return led them out against the rich Jews of Khaibar

(northwards from Medina), whither the Band Nadir had
migrated, and from which place they had unceasing',

stirred up opposition against the Prophet. Hitherto .'.<}

had contented himself with putting out of the way, I
j

means of assassination, soma of their leading men wl: >

seemed to him to be particularly dangerous, such as Abii

R4fi' and Yosair b. RAzim,* but now he resorted to whole-

sale measures. In Moharram, A.H. 7 (May 628), he made
his appearance before Khaibar with a powerful army ; in

the plunder only those who had taken part in the expedi-

tion of Hodaibiya were to share, but many others besides

accompanied them. The Jews, although aware of the

hostility of Mohammed's intentions, were nevertheless

taken completely by surprise when one morning they saw

him and his troops encamp before their strongholds. One
of their leaders had given them the excellent advice not

to shut themselves up by families in their quarters, but to

construct a common camp in the fields, otherwise they

were likely to share the fate of their coreligionists in

Medina. But they replied that their strongholds were of

a different sort, perched on impregnable summits, and

they remained shut up within them. They had neither

discipline nor order, courage nor devotion. As they were

wanting in community of feeling, so also were they lacking

in leaders. Their best man, SaUm b. Mishkdm, lay on a

sick-bed ; his place was by no means supplied by Kinina

b. b. Abi 'l-Hokaik. "When they suddenly became aware

that they had been completely abandoned by their Arab

allies, the GhatafAn, their heart utteriy failed them. When
besieged in any of their citadels, they hardly ever waited

• The " us " is remarkable, and jounds as if tie treaty had been

dictated by the Meccans.

Vakidi, pp. 170, 239.
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Oo be stormed, but after one or t\s-o sorties evacuated it

and •n-ithdrew to another, where tfce same story was re-

peated. Thus citadel after citadel fell into the hands of

the Moslems ; treachery, which had something to do with

the surrender, was well-nigh superfluous. From Al-Natdt

the Jews were driven to Al-Shilclj, and at last nothing was

left to them but Al-Katlba (with Al-Watfh and SoliIim).i

There they remained shut up and filled v,-ith fear, without

even risking, as formerly, single combats and skirmishes

before their citadels. After some time they asked for

peace, and obtained it on the footing that they retained

their lives, wives and children, and one garment each, but

gave up all their property, the penally of concealing any-

thing being death. Kinana b. b. Abi '1-Holfafk was cruelly

tortured, and at last put to death because he had buried

the reno\vned jewels of his family ;
thus at the same time

his handsome wife Safi}-a bint Hoyay was left free for

Mohammed,
His marriage with " the daughter of the king " wound

up the prosperous campaign. §aflya felt no repulsion

towards the man who had caused the death of her father

Hoyay, and of her husband Kinina ; she giacefully accom-

modated herself to the situation. More worthy was the

demeanour of another Jewess, Zainab, who made the

attempt to poison the executioner of her people, and

atoned for this offence by her death. The attempt was

unsuccessful, but Mohammed believed that even in his

last illness he could trace the effects of the poison.

Simultaneously with Khaibar, Fadak also fell into hie

hands, and shortly afterwards Wadi '1-KorA, where also

there were settlements of Jews. The plunder was very

considerable. So far as it consisted of movables, it was

gathered together into a heap, and put up to auction ; the

proceeds were then divided. Mohammed insisted very

strictly that no one should be permitted to plunder for

his own hand. The property in land, palm plantations,

vegetable gardens, were allowed for the time being to

remain at a rent in the hands of the Jews; half of the

produce had to be paid to the new owners. The lion's

share of the spoil fell to the lot of God, i.e. of the Prophet

—a fifth of the movables, of the real estate a larger pro-

portion. He consequently had at his command consider-

able material resources, and he well knew how to employ

them, not only for the enrichment of his family, but also

for gaining over to his side such individuals as were

more accessible to payment than to principles.

The peace of Hodaibiya, with the subsequent conquest

of Khaibar, closes the first period of Mohammed's life at

Nfedina ; strictly speaking, indeed, it merely confirmed the

status which in point of fact the War of the Fosse had
already given him. If at first it seemed as if Mohammed
had shamefully given way, it soon became apparent, never-

theless, that the advantage lay with him. " No victory of

Islam," Abiibekr was wont to say, " has more importance

than the treaty of Hodaibiya ; men are always for hurry-

ing things on, but God lets them ripen." "Previously

there had subsisted a wall of partition between the

Moslems and the rest of men ; they never spoke to each

other ; wherever they met, they began to fight. Sub-
sequently hostility died down ; security and mutual con-

fidence took its place. Every man of even moderate intel-

ligence who heard of Islam joined it ; in the twenty-two

months during which the truce subsisted, the number of

conversions was greater than- throughout the whole of the

previous period ; the faith difiiised itself in all directions

among the Arabs."

As a religion Islam did not attract the Arabs ; they had

' SucTi were the names of the three separate quarter of Khaibar,

wch one made up of a complex of houses and citadels.
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no inclination to pray, read the Koran, and give alms.

Of this they had given suflScient evidence by their per-

ennial feuds with Mohammed, and by the murder of

divers of his missionaries who were sent to teach them

the faith.2 We can hardly believe that a new spirit now
suddenly possessed them. Their change of attitude was

merely due to the imposing effect of the rising might of

Islam. They began to respect the Moslems, who, in spite

of their small numbers, could defy a whole world, because

they were of one mind, and did not ask what the world

thought. They saw that, in the great conflict between

Mecca and Medina, in which as actors or as spectators

they had all participated, the victory inclined more and

more to the side of Medina, that force could accomplish

nothing against faith. The prestige of Mecca was shaken

by the War of the Fosse, and was not restored by the treaty

of Hodaibiya, in which the Koraish waved Mohammed off

with the open hand, and at the same time permitted him

to return next year. Islam had " stretched out its neck "

—had consolidated itself into indestructible existence

—

it now fought for victory. There was, moreover, another

argument in favour of the new religion, to which the Arabs

were very sensible—the rich booty, to wit, which the

Jloslems acquired by their continual forays. There is no

question that the material success of Islam was the chief

force that attracted new adherents.

The treaty of Hodaibiya gave a breathing space to the Kcsul*

two combatants, and of this the prophet reaped the whole of thf

advantage. The truce, which lasted for almost two yell's,
'™"

brought to the Meccans an almost unbroken series of jie^^
humiliations and losses. Contrary to all expectation, tho

provision made in their favour, by which Mohammed
bound himself to send back such of their sons as deserted

to him before their majority, turned to their hurt, so that

they had to ask Mohammed to have it changed.^ Still

more serious for them was the desertion of three eminent

men, Khilid b. al-Walld, 'Amr b. al-'As, and 'Othmdn b.

Tallia, whom the Prophet received with open arms. Next
year they looked on with shame and concealed indignation

when the Prophet, availing himself of his stipulated right,

entered the city with 2000 men, and performed the sacred

ceremonies ("Omrat al-KadA, March 629). Still they were

afraid to break with him again, and did not even venture to

rid themselves of his spies, the Khoz&'a,, who lived in their

midst. " When they put one foot forward they drawthe
other back ; they are convinced that Slohammed will

win "—such was the impression the Koraish made on the

Bedouins, who have a very keen instinct in matters of

this sort. They had lost confidence in themselves ; they

knew that the fight was not fought out, but they dared

not seek to bring it to a decision.

Against their will the decision came. The Band Bekr
fell upon Mohammed's friends, the KhozA'a, and were

supported by some of their Koraishite allies. The Khoz.i

^ See Vakidt, pp. 153-157 (Bir Ma'iina and al-Raji'), and the general

view of these feuds, ibid. p. 29 sqq.

' Abii Basir had fled to Mohammed to Medina ; the Meccans de-

manded his surrender. He was given np, in spite of his passionate

remonstrances, to the two messengers sent to fetch him. But on the

road he fell on one of them and slew him with his own sword : the

other hastened back to Medina in horror. Abii Basir followed,

thinking Mohammed had now done enough to satisfy the Meccans.

Only, however, when the messenger refused the charge of so dangerous

a prisoner, did Mohammed permit the latter to go off where he pleased,

refusing to allow him to stay with the Moslems. Accordingly Abii

Basir made for the coast-road of the Syrian caravans, and became the

leader of other Moslem fugitives from Mecca, who quickly gathered

round him. They intercepted all caravans, divided the prey, and

slew the men. Abii Basir's robberies at length induced the Meccans

to ask Mohammed by letter to allow him to join his community, an<l

so put an end to the mischief.— Vakidi, p. 261 ; Ibn Hisham, p.

757 sqq.
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ites complained to the Prophet, who eagerly seized the

pretext for war. In vain did the Meccana send Abd
Sofyin to Medina to renew the truce; they could not

move the Prophet from his purpose. In Kamadan, a.h. 8

(January 630), he moved against Mecca with an army of

10,000 men. With the Emigrants and the Defenders were

mustered the Aslam, Ghrfdr, Mozaina, Johaina, and

Ashja' ; the Soiaim and the KhozA'a joined them on the

way. The Bedouins were drawn by the hope of booty

;

the FazArite 'Oyaina was sorely vexed that he had left his

Ghatafan at home, not knowing what was in view, for

Mohammed at first kept the aim of his expedition a secret.

Some of the Meccan nobles must, however, have known
it ; Makhrama b. Naufal, for example, and the Prophet's

uncle, 'Abbis, did not await the capture of their city, but

deserted to the enemy while he was still distant. Ab>l

SofyAn, in particular, must have been in the secret ; it

appears that at Medina; he received the promise that the

holy city should be spared if it yielded pacifically, and
that he pledged himself to do his best to play into the

hands of the Prophet. ^ But before the populace it was
necessary to keep up the appearance of a sudden surprise,

an inevitable submission to an unforeseen display of force.

The same comedy was repeated afterwards at X^if ; the

headmen treated with the Prophet without consulting the

Thakafites, and then contrived that the result of their

policy should appear to be forced by the course of events.

The Moslems were on the border of the holy land before

the Meccans suspected their approach ; then suddenly one
night 10,000 fires were seen rising to heaven to the north-

west of the holy city. In well-feigned surprise Abu Sofyin
tionqnest hastened to the hostile camp ; he returned with the news
rf Mecca, tjj^t the Moslems were at the gates, that an improvised

resistance could effect nothing against their force ; the only

wise course was a surrender—Mohammed had promised
security to those who remained in their houses or threw
away their weapons. The terrified Meccans had hardly

any, other course open to them than to follow this advice.

And now the Moslems entered the city from several sides

at once, meeting only at one point viath an easily quelled

resistance. Mohammed insisted that there should be no
violence ; he pledged the captains to avoid all bloodshed.

Ten persons only were put to the ban, and of these one
half were subsequently pardoned. He took aU pains to

preserve the sanctity of Mecca unimpaired, confirmed the

rights and privileges therewith connected, and made it

plain that the old cultus should not be less flourishing

under Islam. The ceremonies were retained, save only

that he abolished all idols, both the domestic gods found

in every house and the images in and round the Ka'ba.

But every sanctuary outside of Mecca was destroyed,

except such as had a part in the celebration of the Feast,

and so stood in connexion with the Ka'ba itself. Thus
the Meccan worship gained a new and unique importance.

Mohammed's reform did for Mecca what Josiah's did for

Jerusalem.^

The last step towards that identification of the Ka'ba

vith Islam, which made it the religious centre of the

Moslem world, was not taken till the following year, when
the famous Renunciation (Bar4'a) of sur. is. forbade the

heathen to share in the Feast, which was henceforth to be

a strictly Moslem ordinance, and at the same time abro-

gated the peace of the holy months. A year later (Dhii '1-

Hijja, A.H. 10, March S32) he himself celebrated the Feast

for the first time in the orthodox fashion, introducing

certain modifications on the traditional practice and

1 The 'tradition indeed is silent, but Muir (iv. 120) is jastified in

drawing this inference from the course of events.

' Snouck-Hurgronje, Het MelkaanscKe Fust, lieyden, 1880.

reducing certain varieties of use to uniform rule. In all

this he professed to re-establish the true ancient use,

purged of heretical deviations from the example of

Abraham. At the same time he remodelled the Calendar,
forbidding the occasional interpolation of a month as an
arbitrary and human invention, and establishing the true

lunar year of twelve lunations.

We return to the capture of Mecca. The submission of

the Koraish was followed by that of their nomad brethren
and allies. But the neighbouring HaAvAzin, to whom
belonged also the Thakafite inhabitants of ^&ii, assembled
for battle with thj Moslems. They camped in AuUs
between 'X&it and Mecca. Mohammed advanced against

them, and battle was joined in the valley of Hoaain. The
Moslems were broken by the first charge of the foe; for a

moment the Prophet himself was in danger, till the Khazraj
rallied round him, checked the onset of the Haw^n, and
at length turned them to flight. A vast booty rewarded
the victors ; for the Hawazin had brought all their herds
and non-combatants with them and placed them in the

rear, that they might feel what they were fighting for.'

Mohammed caused the prey to be conveyed to the glen of

Ji'rina, outside the north-west border of the Haram, a little

way off the great valley that descends from Tdif ; he him-
self pressed on to TAif itself. Here, however, he failed in

his object ; in a dream he saw a cock peck a hole in a
bowl of cream that was set before him, so that the con-

tents ran out. After fourteen days he gave up the siege

and marched to Ji'rdna to deal with the booty. He had
deferred this task in the hope that the Hawizrn would be

tempted to embrace Islam in order to recover their

families and cattle. But as they still sent no ambassadors,

he had to yield to the pressure of the Bedouins and divide

the spoil. When it was too late, the messengers of the

Haw4zin appeared to aimounce their conversion ; they

had now to give up their herds, and content themselves

that their wives and children were restored to them,

through the mediation of the Prophet with their new
masters. The Bedouins received compensation for what
they gave up ; the Emigrants and Defenders gave up their

captives freely. Altogether the men of Medina fared

worst in the distribution of booty, though they had borne

the brunt of the conflict ; those who fared best were the

nobles of Mecca, who had no share in the fight, but whom
Mohammed desired to conciliate by gifts (sur. ix. 60).

The fall of Mecca reacted powerfully on the future Aggran-

development of Islam. Again the saying came true :
dizemem-

victa victores cepit ; the victory of the Moslems over the ?- J? u

Koraish shaped itself into a domination of the Koraish

over the Moslems. For this the Prophet himself was to

blame. In making Mecca the Jerusalem of Islam, he was
ostensibly moved^ by reUgious motives ; but in reality

Mohammed's religion had nothing to do with the

heathenish usages at the Ka'ba and the Great Feast. To
represent Abraham as the founder of the ritual was merely

a pious fraud. What Mohammed actually sought, was to

recommend Islam to Arabic prejudices by incorporating

this fragment of heathenism, and at the same time he was
influenced by his local patriotism. Henceforth these

local feelings became quite the mainspring of his conduct

;

his attitude to the Koraish was determined entirely by
the spirit of clannishness. Hence the extraordinary value

he' set on the conciliation of their chiefs ; one gains the

impression that he cared more for this than for the con-

version of all the rest of the world. Ho left to them all

that they already had ; he gave them in addition whatevel

they asked, if only they would be his good friends. AbiJ

Sofydn was a great man already, but Jlohammed hastened

' Among them were relatives of the Prophet's foster-mother, Halima^
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to raise his power by giving him rule over a broad tract

southward from Mecca. Ho used every means to make

theit conversion easy to the Koraish, and to convince them

•that thoy were losing little and gaining much. They had

the sense to understand this' and act accordingly; they

were soon the best of' Moslems, and that for the best

practical reasons.

The men of Medina, as was natural, felt themselves

Blighted in a special degree by this petting of the Koraish.

They had done all and sacrificed all for the Prophet ; were

others now to reap the fruit of their labours t Had they

by years of struggle made Mohammed Lord of Mecca,

only that they might surrender in favour of Mecca the

place they had hitherto held 1 Did ho indeed esteem kin-

ship so much more than tried service to the Faith ? The

Defenders had good ground for discontent, but Mohammed
ippeased them easily enough. He reminded them of

their fellowship together in the great days of the past, of

all that he had done for them, and they for him,; he

promised that their town should still be his residence,

and 80 the political capital of Islam (Madinat al-Islim).

Then all the men wept till their beards were wet, and

aaid :
" O apostle of God, we are content with our share

and lot
!

"

The Defenders murmured at the preference shown to

the Koraish, because they desired preference for them-

selves. But already there were movements of an opposi-

tion from principle which deemed it a falling away from

Islam to give any heed to kinship instead of to faith. It

is refeted that the beginnings of the Khdrijites (Dissenters)

go back to the distribution of booty in W. Ji'rAna.^

Certain it is that a worldly bias, which had indeed been

introduced into Islam long before, then first became

visible to every eye. Certain it is that Mohammed then

sowed the seeds of the deep dissensions that rent his

following after his death—of the struggle between religious

democracy, such as Islam demanded, and the national

aristocracy, which alone was really fit to hold rule in

Arabia. It was Mohammed who placed the helm in the

hands of the Koraish and opened the way to sovereignty

for Abii SofyAn and his house, the Omayyads. If the

KhArijite Dhu '1-khowaisira spoke out against the Prophet

himself at Ji'r4na, the feeling that moved him was quite

sound.

The last years of the Prophet were like the ingathering

of a harvest laboriously reaped. The conquest of Mecca,

80 great was the impression it produced, was called " the

Conquest," as if it contained in itself all others. From
every side, in the next two years, the sheikhs streamed to

Medina to open negotiations for the acceptance of Islam

by their tribes ; if they did not come spontaneously,

Mohammed sent to them. A change of heart on the part

of the Arabs had no more share in these than in former

conversions. It cost them no struggle to cast away their

idols ; the images and the sanctuaries fell quietly enough.

Heathenism was a dead thing ; superstitions could be

transplanted into Islam. The unique sovereignty of

AlUh was clearly evidenced in the fact that no might

could withstand his. It is safe to affirm that the acces-

sions to Islam were duo to political more than religious

impulses, and meant adherence to the state of Medina
rather than to monotheism. The power to which that

city had grown, acted as a force of attraction upon the

Arabs ; and their subjection was not the mere effect of

fear, but expressed also that sense of the necessity for

peace and order, which had led to the founding of states

in the two previous centuries. Thus it becomes intelligible

that from every side, by a sort of natural necessity, the

> l-'oAii/i. p. 377. Ib.i Hiahim, p. 884.

masses of Arabian society were drawn towards the centra

of attraction at Medina, and that the Prophet received

the homage of distant tribes which he could not have

influenced directly. The Christian tribes were not behind

the rest, they were Arabs first and Christians after.

Only the Christians of Najrdn remained true to their

faith ; so did the Jews in all parts, and the Magians in

the province of Bahrain.^ The last named, as idolaters,

ought not in strictness to have been tolerated in the

Moslem state ; but practical considerations broke through

theory, and the men of system had to accept the incon-

sistency with the best grace they could.

The signs of submission were—(1) the performance of

the five daily prayers, or at least the proclamation of the

times of prayer by the Muedhdhin
; (2) the payment of

the alms-tax;' (3) the acceptance of the Moslem Law,

which was introduced by qualified delegates from Medina.

Otherwise things remained as they were ; Mohammed was

careful not to meddle vrith tribal affairs, and strengthened

the existing aristocracies wherever he could do so. The
change of faith was effected by treaty ; the populace was

not consulted, and the whole negotiations were directed

by the Elders and Chiefs. For, in fact, purely political

interests were involved.

A single case, about which our information is exception-

ally full, will suffice in illustration. The Hawizin had

joined Mohammed after the battle of Honain, and nov^

preached the duty of holy warfare against their kinsmen,

the Thakafites of TAif, who were still heathens. They
made raids on the cattle pastured without the city, and
made captives of those who ventured abroad. The Thaka-

fites were exposed, alone and helpless, to the advances of

Islam ; they dared not stir a foot beyond their walls. The
heads of the city found the situation untenable, and
resolved to do homage to the Prophet for tho sake of

peace. Ten ambassadors proceeded to Medina, and nego-

tiations began as to the conditions of the conversion of the

Thakif. The envoys desired that fornication, usury, and
wine-drinking should be permitted to them ; this Moham-
med refused (sur. xvii. 234 ; ii. 278 ; v. 92) ; and they

consented to yield the point when it was explained that,

indispensable as these three practices might seem, the

other Moslems had learned to give them up. There was
more difficulty about the Kabba or Goddess of Tiif (al-

Lit). The ambassadors begged that, as a concession to

the foolish multitude, they might retain her for three years.

When they found Mohammed resolute, they came doA\-n

successively to two years, one year, and a month. Even
this was refused ; Mohammed's sole concession was that

they should not be obliged to destroy their goddess with
their own hands. The deputation returned, and had nearly
reached Tiif, when 'Abdyalfl counselled the others to make
as if they had broken off the negotiation, and not to con-

fess the conclusion of the pact till the Thakff showed nc
stomach for battle with Mohammed. With faces covered,

like men who have no good news, they rode into the town,
and first paid the customary visit to the temple of the
Rabba. Then they told their tribesmen the conditions of

treaty, declared them intolerable, and reviled Mohammed
as a hard and arrogant man. "And so," they concluded,
" prepare for war, lay in provisions for two years

;

Mohammed will surely not maintain the siege longer

;

dig a fosse to protect your stronghold, and lose no time."
The Thakafites at first agreed to this ; but in a few days
they lost courage, and bade the negotiators return and
accept the conditions. These then confessed the truth,

' Non-Moslem subjects were jnade to [jaj- au artilrAii Mii-tuVwu or
incomo tax.

' The expptKliture of lh\a tax was resulated iu the case o^' wmo
tribes by special treaty.
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and added that Mohammed's emissaries would presently

appear to destroy the Rabba. The destruction took place

accordingly, to the terror of the women and children, but

without a single man raising his hand.

The pilgrimage undertaken by Mohammed in the. year

10 (March 632) was like a very triumph. All Arabia,

apart from the vassals of Persia and Greece, lay at liis feet.

The greatest success of his life had been effected by sheer

moral force without a stroke of the sword. But Arabia

no longer sufficed him ; he had wider aims. In his last

years he began to extend the holy war against the Greeks.

Even on his return from Hodaibiya, he began to direct

envoys to several foreign potentates, with letters demand-

ing their adhesion to Islam. One of these envoys was

seized and beheaded in the Belkd (the ancient Moab).

Hence sprang the first campaign against the Greeks, i.e.

the Arabs who were subject to the Greek empire. The
army directed against them was, however, entirely defeated

at Mu'ta (Autumn 629); Kiilid succeeded with difficulty

in ralljing and leading back the broken remnant of the

host. Next summer the Nabatjeans who visited the mar-

ket of Medina spread a rumour that the Emperor Heraclius

was- collecting a vast force to attack the Moslems; and
Mohammed set forth to meet him at the head of 30,000
men, but got no farther than Tabilk, on the southern

borders of ancient Edom, when the rumour was found to

be false. The .expedition, however, was not altogether

fruitless, as it led to the submission of several small Jewish

and Christian communities in the north of the Peninsula.

Mohammed equipped a new expedition against the Greeks

on his return from his " farewell pUgriraage," and it was

Death just ready to start when he died, on Monday, 8th June
of Mo- 632.
hammed,

j^ forming an estimate of one who has exercised so

unexampled an influence on the history of the world, we
shall do well to bear in mind the hint of Gibbon, that

" some reverence is surely due to the fame of heroes and

the religion of nations." The grounds on which !Mohammed
may. be condemned are partly found in his private life.

Although on the whole, even after he had become ruler of

all Arabia, he maintained the original povertyand simplicity

of his establishment, never set store by money and estate,

eating and drinking and soft clothing, strictly continued

to fast and watch and pray after his first fashion, and that,

too, plainly out of a heartfelt need and without any osten-

tation, he nevertheless in one point at least used his supreme
authority as prophet to make provision for the flesh. He
claimed to be personally exempt from those restrictions in

regard to the female sex which lay upon all other Moslems,

and, as is well known, he made very extensive application

of this fundamental principle. This fact is quite rightly

urged against him as a reproach ; even pious Jloslems have

been scandalised by it. At the same time, it is unnecessary

to judge him on this account more harshly than we do

Charlemagne, the most Christian king of the Franks ; in

any case we must not apply the standards of the present

day to the circumstances of old Arabia. Of much weightier

and indeed of crushing character is the accusation, that he

did not really believe himself to be a prophet, but merely

of set purpose played the part of one. For the first years

of his activity indeed this charge is not now any longer

maintained ; it is universally granted that at that period

his enthusiasm' waS genuine and real. But in JlcJina, we
are told, he used his prophetic character simply as a pretext

for the establishment of his power. It seems to the present

writer that into this opinion there enter modern notions as

to the separation between religion and the civil magistracy,

which ought to be carefully kept out of sight. By any

other instrumentality than that of a prophst it would

hardly have been possible to found the state of Medina
;

16-21

religion was the soul of the commimity. The founding ot

a religion and the forming of a state were not connected
in so merely external a way as is usually supposed ; on the
contrary, the one was the natural and necessary consequence
of the other. This must certainly be conceded, that, if we
are to make any distinctions at all, Islam was far less rich

in religious meaning than in social forces. The Koran is

Mohammed's weakest performance ; the weight of his

historical importance lies in his work at Medma and not
in that at Mecca. And it is a fact that the politician in

him outgrew the prophet more and more, and that in many
cases where he assigned spiritual motives he merely did so
to give a fair appearance to acts that emanated from.secular
regards. In this respect it appears to us particularly

objectionable that he gave out as revelations of God and
placed in the Koran all sorts of regulations and orders of

the day, which proceeded simply from his own. deliberations

or even in part were suggested to him by advisers from
outside. At the same time the element of self-deception

is not excluded even here ; he took for a message sent

down from heaven everything which in his cataleptic fita

passed through his mind, however close might be its agree-

ment with his own previously cherished thoughts. It was
pardonable that he went on with the idea after he had
once grasped it, that he blew upon the coals when the flame
threatened to die out. It is less easy to free him from the

reproach of perfidy and cruel vindictiveness. The surprise

of Nakhla in the month Kajab (ordered by him, though he
afterwards repudiated it), the numerous assassinations

which he instigated, the execution of the 600 Jews at the

close of the War of the Fosse, burden the Prophet heavily,

and sufficiently explain the widespread antipathy in which
he is held. Yet even in this respect it is well not to forget

the instance, already cited, of Charlemagne. It is precisely

the man of vast aims who finds it most difficult to keep the
beaten path.

After the death of Mohammed arose the question who was
to be his "representative" (Khalifa, Caliph). The choice lay

with the community of Medina ; so much was understood

;

but whom were they to choose 1 The natives of Medina
believed themselves to be now once more masters in their

own house, and wished to promote one of themselves.

But the Emigrants asserted their opposing claims, and
with success, having brought into the to'mi a considerable

number of outside Moslems,^ so as to terrorize the men of

^Medina, who besides were still divided into two parties.

The Emigrants' leading spirit was 'Omar> he did not,

however, cause homage to be paid to himself but to Abubek

Abiibekr, the friend and father-in-law of the Prophet. Caliph.

The affair would not have gone on so smoothly, had not Revolt

the opportune defection of the Arabians put a stop to the °f *•>«

inward schism which threatened. Islam suddenly found "^"^

itself once more limited to the community of Medina;
only Mecca and TAif remained true. The Bedouins were

willing enough to pray, indeed, but less willing to pay taxes

;

their defection, as might have been expected, was a political

movement.^ None the less was it a revolt from Islam, for

here the political society and the religious are identical.

A peculiar compliment to Mohammed was involved in the

fact that the leaders of the rebellion in the various districts

did not pose as princes and kings, but as prophets ; in this

the secret of Islam's success appeared to lie.

Abiibekr proved himself quite equal to the perilous

situation. In the first place, he allowed the expedition

against the Greeks, already arranged by Mohammed, quietly

to set out, limiting himself for the time to the defence of

Jledina. On the return of the army he proceeded to

^ Compare Muir, iv, 26.3.

' See Noldeke, Beitrtige zur Kenntniss dcr Pocsie dtr alien Arabtr

{18G4), p. 89 sq.
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Attack the rebels. The holy spii't of Islam kept tUe men

(j; Ivl.>dina together, and inflamed them to a death-defying

zeal for the faith ; while, on the other side, the Arabs as a

whole had no other bond of union and no better source of

inspiration than universal egoism. As was to be expected,

they were worsted; eleven small flying columns of the

ifoslems, sent out in various directions, sufficed to quell

the revolt. Those who submitted were forthwith received

back into favour ; those who persevered in rebellion were

punished with death.- The majority accordingly converted,

the obstinate were extirpated. In YamAma only was

there a severe struggle; 'he Band Hanifa under their

prophet Mosailima fought ^-ravely, but here also Islam

triumphed.

The internal consolidation of Islam in Arabia was,

strange to saj', brought about by its diffusion abroad.

The holy war against the border countries which Mohammed
had already inaugurated, was the best means for making

the new religion popular among the Arabs ; for, in spread-

ing by means of the sword the worship of AllAh, oppor-

tunity was at the same time afiForded for gaining rich

booty. This .vast movement was organized by Islam, but

the masses were induced to join it by quite other than

religious motives. Nor was this by any means the first

occasion on which the Arabian caldrom had overflowed

;

pnce and again in former times emigrant s.varms of

Bedouins had settled on the borders of the wilderness.

This had last happened in consequence of the events

which destroyed the prosperity of th6 old Sabaean king-

dom. At that time the small Arabian kingdoms of

Ghassin and HIra had arisen in the western and eastern

borderlands of cultivation ; these now presented to Moslem

conquest its nearest and natural goah But inasmuch as

glra was subject to the Persians, and Eastern Palestine to

the Greeks, the annexation of the Arabians involved the

extension of the war beyond the limits of Arabia to a

struggle with the two great powers.

Ihilid ' After the subjugation of Middle and North-Eastem
l^dfria. Arabia, Khdlid b. al-Walfd proceeded by order of the

Caliph to the conquest of the districts on the lower

Euphrates. Thence he was summoned to Syria, where

hostilities had also broken out. Damascus fell late in the

siunmer of 635, and on 20tTi August 636 the great decisive

battle on the Hieromax (Yarmiik) was fought, which caused

the Emperor HeracUus finally to abandon Syria.i Left to

themselves, the Christians henceforward defended them-

selves only in isolated cases in the fortified cities : for the

most part they witnessed the disappearance of the Byzan-

tine power without regi-et. Meanwhile the war was also

carried on against the Persians in 'Irdk, imsuccessfully at

feattte first, until the tide turned at the battle of Kidisiya (end
•f Ki. of 637). In consequence of the defeat which they here
•'•'if'" sustained, the Persians were forced to abandon the western

portion of their empire and limit themselves to Eran
proper. The Moslems made themselves masters of Ctesi-

phon (Maddin), the residence of the Sasanides on the

Tigris, and conquered in the immediately following years

the country of the two rivers. In 639 the armies of

Syria and 'Irdlj were face to face in Mesopotamia. In a

short time they had taken from the Aryans all the prin-

cipal old Semitic lands,—Palestine, Syria, ^lesopotamia,

Assyria, and Babylonia. To these was soon added Egypt,
which 'Amr b. al-'As, aided by the national and confessional

Antipathies of the Cojjts towards the Greeks, overran with

little trouble in 641.^ This completed the circle of the

lands bordering on the wilderness of Arabia ; within

' De Goeje, Mimoires d'lhst. el de Oiog. Orient.^ No. 3. Leyden,
1864 ; Noldeke, /). M. Z., 1875, p. 76 sqq.: Bcladhori, !37.

2 8co H. Zotenbtrg in Journ. as., 1879 (xiii. 291-a86). The date
|>«fa»ps niii* rear) too late.

these limits annexation was practicable and natural, a

repetition indeed of what had often previously occurred.

The kingdoms of GhassAn and Hira, advanced posta

hitherto, now became the headquarters of the Arabs ; the

new empire had its centres on the one hand at Damascus,

on the other hand at Cufa and Basra, the two newly-

founded cities in the region of old Babylonia. The

capital of Islam c6ijtinued indeed fo.- a while to be Medina,

but soon the Hijiz and the whole of Arabia proper lay

quite on the outskirt of afiairs.

It is striking to notice how easily the native populations

of the conquered districts, exclusively or prevailingly

Christian, adapted themselves to the new rule. Their

nationality had been broken long ago, but intrinsically

it was more closely allied to the Arabian than to the

Greek or Persian. Their religious sympathy -n-ith the

West was seriously impaired by dogmatic controversies

;

from Islam they might at any rate hope for toleration,

even though their views were not in accordance with the

theology of the Emperor of the day. The lapse of the

masses from Christendom to Islam, however, which took

place during the first century after the conquest, ia only to

be accounted for by the fact that in reality they had no

inward relation to the gospel at all. They changed their

creed in order to acquire the rights and privileges of

Moslem citizens. In no case were they compelled to do

so ; on the contrary, the Omayyad Caliphs saw -with dis-

pleasure the diminishing proceeds of the poll-tax derived

from their Christian subjects.

It would have been a great advantage for the solidity

of the Arabian empire if it had confined itself within the

limits of those old Semitic lands, with perhaps the addition

of Egypt. But the Persians were not so ready as the Conqiiei

Greeks to give up the contest ; they did not rest until the of E«m

Moslems had subjugated the whole of the Sasanid empire.

The most important event in the protracted war which led

to the conquest of Eran, was the battle of NehAwend in

641 ;3 the most obstinate resistance was ofi'ered by Persis

proper, and especially by the capital, Istakhr (Persepolis).

In the end, all the numerous and somewhat autonortious

provinces of the Sasanid empire fell, one after the other,

into the hands of the Moslems, and the young Shahanshah.

Yezdegerd, was compelled to retire to the farthest corner of

his realm, where he came to a miserable end.* But in more
than one case the work of conquest had to be done over

again : it was long before the Eranians learned to accept the

situation. Unlike the Christians of Western Asia, they

had a vigorous feeling of national pride, based upon
glorious memories and especially upon a church having a
connexion of the closest kind with the state. Internal

disturbances of a religious and political character and
eiiternal disasters had long ago shattered the empire of

the Sasanids indeed, but the Eranians had not yet lo.

their patriotism. They were fighting, in fact, against the

despised and hated Arabs, in defence of their holiest pos-

sessions, their nationality, and their faith. They were
subjugated, but their subjection was only outward. The
commonwealth of Islam never succeeded in assiniilatii.j;

them as the Syrian Christians were assimilated. Even
when in process of time they did accept the religion of

the Prophet, they leavened it thoroughly with their oivn

peculiar leaven, and, especially, deprived it of the practical

political and national character which it had assumed after

the Flight to Medina. To the Arabian state they were
always a thorn in the flesh, it was they who helped most
largely to break up its internal order, and it was from
them also that it at last received its outward deathblow.

' The accounts difTtr : see Beladhori, 305. The chropology of the
'

conquests, as is well known, is in many points uncertain.
< Bcladh.. 315 sq. ; Tabarf, i. 1068.
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The fall of the Omayyads was their work, and with the

Omayyads fell the Arabian empire. The course of Islam's

political history during its first centuries is denoted by the

removal of the capital from Damascus to Cufa, and from

Cufa to Baghddd, the latter occupying, approximately, the

site of the ancient Ctesiphon.

Omar But we must return to the period of Abiibekr. He died
ijaiioh. aftt a short reign, on 22d August 634, and as matter of

course was succeeded by Omar. To 'Omar's ten years'

Caliphate belong for the most part the great conquests.

He himself did not take the field, but remained in Medina

;

he never, however, suSered the reins to slip from his grasp,

so powerful was the influence of his personality and the

Moslem community of feeling. His political insight ia

shown by the circumstance that he endeavoured to limit

the indefinite extension of Moslem conquest, and to main-

tain and strengthen the national Arabian character of the

commonwealth of Islam ; ^ also by his making it his fore-

most task to promote law and order in its internal affairs.

The saying with which he began his reign will never giow
antiquated :

" By God, he that is weakest among you shall

be in my sight the strongest, until I have vindicated for

him his rights j but him that is strongest will I treat as

the weakest, until he complies with the laws." It would

be impossible to give a better general definition of the

function of the State. After the administration of justice

he directed his organizing activity, as -the circumstances

demanded, chieflytowards financial questions—the incidence

of taxation in the conquered territoriea,^ and the applica-

tion of the vast resources which poured into the treasury

at Medina. It must not be brought against him as a

personal reproach, that in dealing with these he acted on

the principle that tie Moslems were the chartered plun-

derers of all the rest of the world. But he had to atone

by bis" death for the fault of his system ; a workman at

Cufa, driven to desperation by absurd fiscal oppressions,

stabbed him in the mosque at Medina. He died in the

beginning of November 644.
Otnmin Before his death 'Omar had nominated six of the leading
Caliph. Emigrants who should choose the Caliph from among them-

selves—'OthmA,n, 'AH, Zobair, Talha, ga'd b. Abf WakkA?,
and 'Abd al-Rahmin b. 'Auf. The last named declined to be

candidate, and decided the election in favour of 'Othm4n b.

'Affin. Under this weak sovereign the government of Islam

fell entirely into the hands of the Koraish nobility. We
have already seen that Mohammed himself prepared the way
for this transference ; Abiibekr and 'Omar likewise helped

it ; the Emigrants yere unanimous among themselves in

thinking that the precedence and leadership belonged to

them as of right. Thanks to the energy of Omar, they

were successful in appropriating to themselves the succes-

sion to the Prophet. They indeed rested the claims they

put forward in the undeniable priority of their services to

the faith, but they also appealed to their blood relationship

with the Prophet, as a legitimation of their right to the

inheritance ; and the ties of blood connected them frith

the Koraish in general. In point of fact they felt a
greater solidarity with these than, for example, vrith the
natives of Medina; natiu-e had not been expelled by
failh.^ The supremacy of the Emigrants naturally fur-

nished the means of transition to the supremacy of the

' He sought to make the whole cation a great host of God ; the
Arabs were to be soldiers and nothing else. They were forbidden to

acquire landed estates in the conquered countries ; all land was either

made state property or was restored to the old owners subject to a
perpetual tribute which provided pay on a splendid scale for the army.

' Ncildeke, Tabari, 246. To 'Omar also is due the establishment of

the Era of the Flight.

' Even in the list of the slain at the battle of Honain the Emigrants
are enumerated along with the Meccans and Koraish, and distinguished

from the men of Medina.

Meccan aristocracy. 'Othmdn did all in his power to

press forward this development of atTairs. He belonged
to the foremost family of Mecca, the Omayyads, and that

he should favour his relations and the Koraish aS a whole,

in every possible way, seemed to him a matter of course.

Every position of influence and emolument was assigned

to them ; they themselves boastingly called the important
province of 'IrAlj the garden of Koraish. In truth, the

entire empire had become that garden. Nor was it

unreasonable that from the secularization of Islam the

chief advantage should be reaped by those who best knew
the world. Such were beyond all doubt the patricians of

Mecca, and after them those of Tiif, people like Kh4lid b.

al-Walid, 'Amr b. al-'i.s, 'Abdallah b. Abf Sarh, Moghira
b. Sho'ba, and, above all, old Abil Sofydn with his son
Mo'dwiya, the governor of Syria.

Against the rising tide of worldliness an opposition,

however, now began to appear. It was led by what may
be called the spiritual noblesse of Islam, which, as dis-

tinguished from the hereditary nobility of Mecca, might
also be designated as the nobility of merit, consisting of

the " Defenders," and especially of the Emigrants who had
lent themselves to the elevation of the Koraish, but by no
means with the intention of allowing themselves to be
thereby effaced. The opposition was headed by 'A}t

Zcbair, Talha, both as leading men among the Emigrants
and as disappointed candidates for the Caliphate, who
therefore were jealous of 'OthmAn. Their motives were
purely selfish; not God's cause but their own, not

religion but power and preferment, were what they sought.*

Their party was a mired one. To it belonged the men of

real piety, who saw with displeasure the promotion to the

first places in the commonwealth of the great lords who
had actually done nothing for Islam, and had joined

themselves to it only at the twelfth hour, while those who
had borne the burden and heat of the day were passed by.

But the majority were merely a band of men without
views, _whose aim was not a change of system but of

persons, that they themselves might fatten in the vacant

places. Everywhere in the provinces there was agitation

against the Caliph and his governors, except in Syria, where
'Othmdn's cousin, Mo'4wiya b. Abl Sofy4n, carried on a

wise and strong administration. ' The movement was most

energetic in 'Irdk and in Egypt. Its ultimate aim was
the deposition of 'OthmAn in favour of 'Ali, whose own
services as well as his close relationship to the Prophet
seemed to give him the best claim to the Caliphate. Even
then there were enthusiasts who held him to be a sort o:

Messiah.

The malcontents sought to gain their end by force. In

bands they came from the provinces to Medina to concuss

'Othmto into concession of their demands. From the

Indus and Oxus to the Atlantic the world was trembling

before the armies of the Caliph, but in Medina he had
no troops at hand. He propitiated the mutineers by
concessions, but as soon as they had gone, he let matters

resume their old course. Thus things went on from
worse to worse. In the following year (656) the leaders

of the rebels came once more from Egypt and 'IrAk to

Meaina with a more numerous following ; and the Caliph

again tried his former plan of making promises which he
did not intend to keep. But the rebels caught him in a
flagrant breach of his word, and now demanded his abdi-

cation, besieging him in his own house, where he was
* It was the same opposition of the splritusl to the secular nobility

that afterwards showed itself in the revolt of the sacred cities against

the Omayyads. The movement triumphed .with the elevation of the
'Abbasids to the throne. But, that the spiritual nobility was fighting

not for principle but for personal advantage was as apparent in 'AH'a
hostilities against Zobair and "Talha as in that of the 'Abb&sids against
the followers of 'Ali.
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•efended by a few faithful subjects. As lie would not

yield, they at last took the building by storm and put

him to death, an old man of eighty. His death in the

act of maintaining his rights was of the greatest service to

his house and of corresponding disadvantage to the enemy..

Controversy now arose among the leaders of the oppo-

sition as to the inheritance. The mass of the mutineers

summoned "Alf to the Caliphate, and compelled even Talha

and Zobair to do him homage. But soon these two, along

with 'Aisha, the mother of the faithful, who had an old

grudge against 'All, succeeded in making their escape to

'Irilf, where at Basra they raised the standard of rebellion.

'All in point of fact had no real right to the succession,

and moreover was actuated not by piety but by ambition

and the desire of power, so that men of penetration, even

although they condemned 'Othmin's method of govern-

ment, yet refused to recognize his successor. The new

Caliph, however, found means of disposing of their opposi-

tion, and at the battle of the Camel, fought at Basra in

November C56, falha and Zobair were slain, and 'Aisha*

was taken prisoner.

Mo'i- But even so 'All had not secured peace. With the

»iya- murder of 'OthraAn the dynastic principle gained the

twofold advantage of a legitimate cry—that of vengeance

for the blood of the gray-haired Caliph, and of a distin-

guished champion, the Syriangovernor Mo'dwiya. Mo';lwiya

was not inclined to recognize 'Ali, and the latter did not

venture to depose him. To have done so would have been

useless, for Mo'dwiya's position in Syria was impregnable.

The kernel of his subjects consisted of genuine Arabs,

not only recent immigrants along with Islam, but also

old settlers who, through contact with the Roman empire

ind the Christian church, had taken on a measure

of ci\-ilization. Through the Ghassdnids these latter

had become habituated to monarchical goverimient and

loyal obedience, and for a long time much better order

had prevailed amongst' them than elsewhere in Arabia.

SjTia was the proper soil for the rise of an Arabian

kingdom, and Mo'dwiya was just the man to make use of

the situation. He exhibited 'Othmdn's blood-stained

garment in the mosque at Damascus, and incited his

Syrians to vengeance.

'All's position in Cufa was much less advantageous.

The population of 'Irdk was already mixed up with

Persian elements ; it fluctuated greatly, and was largely

composed of fresh immigrants. Islam had its head-

quarters here ; Cufa and Basra were the home of the

pious and of the adventurer, the centres of religious and
political movement. This movement it was that had
raised 'All to the Caliphate, but yet it did not really take

any personal interest in him. Religion proved for him a

much less trustworthy and more dangerous support than

did the conservative and secular feeling of Syria for the

Omayj-ads. Mo'Awij'a could either act or refrain from
acting as he chose, secure in either case of the obedience

of his subjects. 'Ali, on the other hand, was unable to

convert enthusiasm for the principle inscribed on his

banner into enthusiasm for his person. It was necessary

that he should accommodate himself to the wishes of his

supporters, and at the, same time it was impossible, for

these wishes were inconsistent. They compelled him
suddenly to break off the battle of Siffin, which he was on
the point of gaining over Mo'dmya, because the Syrians
fastened copies of tho Koran. to their lances to denote
that not the sword, but the word of God should decide

the contest (end ol July 657). But in yielding to the

will of the majority ie excited the displeasure of the
minority, the genuine zealots, who in Mo'awiya were
opposing the enemy of Islam, and who regarded "All's

entering into negotiations with him as a denial 'of tho

faitk When the negotiations failed and war was

resumed, the KhArijites refused to follow 'All's army,

and he had to turn his arms in the first instance against

them. He succeeded in disposing of them without difiB-

«ulty, but in his success he lost the soul of his following.

For they were the true champions of the theocratic

principle ; through their elimination it became clear that

the struggle had in no sense anything to do -with the

cause of God. 'All's defeat was a foregone conclusion,

once religious enthusiasm had failed him ; the secular

resources at the disposal of his adversaries we.-e far

superior. Fortunately for him he was murdered (end

of January 6G1), thereby posthumously attaining an

importance in the eyes of a large part of the Jlohammedan

world (Shl'a) which he had never possessed during his

life. His son Hasan made peace with Mo'dwiya.

The Khdrijites are the most interesting feature of the The

then phase of Islam. In the name of religion they raised Khir'

their protest against allowing the whole great spiritual'
*'

movement to issue in a secular and political result, in the

establishment within the conquered territories of an

Arabian kingdom, a kingdom which diametrically contra

dieted the theocratic ideal. Islam was then on the point

of making its peace with the world, not without a certain

apostasy ftom its or"iginal principles, for which Jlohammed
himself had paved the way. Life was no more dominated

by religion, but came to terms with it and parted com-

pany. This development was favoured by the govern-

ment, which desired before all things to have peace.

OrtJiodoxy arose, and thereby religion was tamed and
divested of every dangerous element ; strictly speaking, it

became a compromise, according to which the letter of the

precept was correctly followed, in order that, in everything

besides, a man might obey his own inclinations. The con-

ditions under which any one might make sure of heaven

were—on the one hand, the performance of "good works,"

i.e. of such opera opevanda as had a special churchly

merit assigned to them ; on the other hand, faith in the

absolute sovereignty of God even over the wills of men..

About morals God showed little concern—the usual view

•of orthodox shamanism. This was by no means the'

original standpoint of Islam, although the transition to

it was made at an early stage, and by the Prophet himself.

Originally Islam

—

i.e. religious resignation—was only the

complement' of pious effort ; a man set himself about

even the hardest and apparently purposeless tasks, because

he believed the issue to lie entirely in the hand of God.
But now all this was reversed ; a man acted according. to

his humour, because hk destiny had nothing to do with
his inherent qualities, but was dependent entirely oo
Alldh's caprice. The Khdrijites protested not merely

against the dynastic principle and .the rule of the Omay
yads, but also against orthodoxy ; they disputed the doc-

trine of predestination and the proposition that a greaC

sinner could yet be a good Moslem, because they did noe
understand how to divorce religion from practice, la
some degree they call to mind the Montanists, but their

opposition was much more energetic in its expression.^

Sources.—For the history of Mohammed these are—(1) i!he_

Koran
; (2) the theologico-historical tradition or Haditli. The!

latter is chronologically arranged in the biographies, of which,
those of Ibn Isliak and of "Wakidi are the oldest and most impoft-
ant. Ibn Isliak's work in its complete form is now to be found
only in Ibn Kisham's revision (ed. Wustenfeld), but large and
numerous fragments of the original are given by fabari (cd. Da
Jong). Of Wilkidi the KiCdb al-Magkdzi,' i.e. the history of
Mohammed in Medina, is still extant (abridged German translation
by 'WeUhausen, 1882) ; his collections for the earlier period axe
known to us through the work of Ibn Sa'd his secretary (

Tabalid^

' On the further development of Islam compare Houtsma, De Utryd
over hei Dogma, Leyden, 1875.



^AIIPHATE.] MOHAMMEDANISM 565
imedited). The Hadi'th is set forth more systematically, according
to subjects, in the great collections of tradition by Malik b. Anas,
Bokhari, Moslim, etc. (Bulak editions). A subsidiary authority
is the humanistic tradition of the OJaba, with which the iioetry
may be reckoned. The principal collections of this class are the
KUdb al-Aghdni (Bulak edition) and the Kdmil (ed. Wright). For
the period after Mohammed the most important work is the
Chronicle of Tabari (Leyden edition) ; the history of the conquest
is treated briefly after the best authorities by BeUdhori (ed. De
Goeje, 1866).

Literalure.—The genuine tradition of the Arabs with reference
to their prophet was first introduced into Europe by the French,
beginning with Gagnier and ending with the valuable work of
Caussin de Perceval Weil and, after him, Noldeko especially, have

the merit of having sho^vn how to use the Koran in conjunction with
the Arab tradition as a main source. Of modern biographies the
most important are those of Muir and Sprengcr ; research has not
yet got beyond tlicm, although liicre is room for this. For the
history of the Caliphs, the standard book is still the weJl-knowD
work of Weil, although since it was published considerable addi-
tions have been made to cur knowledge of the soiu-ccs, thanks
specially to the labours of Dozy, De Goeje, and other Dutchmen.
Hitherto the main object Xxas been to bring together the materials
in this department of research, and a comprehensive treatment of
the entire subject has not as yet been accomplished : still reference
may be made in this connection to Dozy {Hisloirc de VIslamisme),
and A. von Kremer {Gcsch. der hcrrschcnden Ideeu d. Jslam. and
KuUurgeschkhte d. Orient untcr den Khalifen\ (J. WE.

)

PART II.—THE EASTERN CALIPHATE.

Sect. I.

—

The Omayyads.

1. In commencing the history of the Omayyad dynasty
we must first recur to the causes which brought about the

triumph of this family, and which led its chief to substitute

Damascus for Medina as the seat of the Caliphate ; an
event which led to profound changes in the Moslem empire,

.and exercised a considerable influence or its development.

In the same way, at a later date, the transfer of the Cali-

phate from Damascus to Baghddd marked the accession of

a new family to the .supreme power, and gave Islam a new
direction.

In the time of Mohammed, the Arabs were divided into

an infinite number of tribes, some settled, others nomadic,
which were constantly at war- with each other. The
Prophet united them into one body, but he could not

entirely eradicate the hatred which had existed for ages

between tribe and tribe. Thus the people of Mecca and
those of Medina hated each other, because the former were

a- branch of the race of Ma'add, the great ancestor of the

tribes of the North ; ^ while the latter belonged to the

Yemenite race, or that of the South. The conquest of

Mecca by Mohammed and his allies of Medina only exas-

perated this hatred, and the nobles of the Koraish swore

to take revenge on the Yemenites, as soon as they should be

able- to do so. One of the most violent opponents of the

Prophet had been, as we have seen, the father of that very

Mo'dwiya who founded the Omayyad dj-nasty, Abii Sofydn,

grandson of Oinayya, the leader of the Meccans in the battle

at Ohod ; and it is related that his wife Hind, having found

Hamza, Mohammed's uncle, among the dead, cut open his

body, and tore out and devoured his liver. We have also

seen how Abu Sofy.^n ultimately made his submission and

embraced Islam, but only under compulsion. His son

Mo'dwiya became, it is true, one of Mohammed's secretaries
;

but we know that his faith was never very strong, and that

ho. always made his religion subordinate to the interests of

his family. Even in his youth, he had conceived the project

of recovering the supreme power for his ovni race, and it

has been related above how the inner conflicts of Islam

under the Caliphates of 'Othmdn and 'Alf carried him
forwards towards this goaL

Mo'a^v^ya might, no. doubt, have marched to the help

of 'Othman with an army of Syrians ; but the preserva-

tion of the Caliph, his relative, would not have served the

purposes of his burning ambition, and wo may say with-

out hesitation that it was with secret joy that the prefect

of Damascus heard of the Jatal result of the plot against

"Othmdn. The SjTians were entirely devoted to Mo-

'iwiya. Polite, amiable, and generou.?, he had gained the

goodwill of all the x\rab3 of Syria, for whom Islam had

remained a dead letter, and who, continuing Bedouins at

heart, shared the feelings of their chief against the new

' The Ma'addites are also often called Modarites and Kaisites, after

their ancoatoia Modar and Kais.

aristocracy of Medina. Consequently, when 'AH, 'Oth-
mdn's successor, summoned Mo'dwiya for the last time to
acknowledge him, and when Mo'dwiya, assembling his

partisans in the mosque of Damascus, asked their advice,

they replied that it was his part to command, and theira

to obey and to act." The enthusiasm of the Syrians was
great ; and Mo'd-ndya having ordered a levy en masse,
within three days every able-lsodied man had joined his

standard. Syria alone supplied Mo'dwiya with more
troops than all the rest of the provinces put together
furnished to "AH, who is said to have addressed his soldiers

•nith these bitter words :
" I would gladly exchange ten <A

you for one of Mo'Awiya's soldiers." Then he added—ia

allusion to the savage action of Hind, Mo'dwiya's mother,

on the field of battle at Ohod—" By God ! he will gain
the victory, this son of the liver-eater !

"

'All's gloomy anticipations were fulfilled ; but it was by
stratagem that Mo'dwiya gained his victory. The battle

of Siffin, the abortive negotiations that followed, and the
withdrawal of the Khirijites, have been already spoken of.

The negotiations ended in the conference of Diimat al-

Jandal, a small place situated between Syria and 'Irdk,

about seven days' journey from Damascus and thirteen

from Medina. Here in Ramadan, a.h. 37 (a.d. 657-658),
Abii Miisd and 'Amr b. al-'As (the famous conqueror of

Egypt) appeared as arbitrators for 'All. and Mo'dwiya
resfjcctively, and the cunning of the latter induced Ab4
Musd to pronounce both pretendants deprived of whatever
rights either might have to the Caliphate, and to say that

it now rested with the Moslems to make a new choice.

'Amr, who was only waiting for this declaration, rose in his

turn, and said to the Arabs who were crowding round the

platform :
" O people, ye hear what Abii Miisd says. He

himself renounces the claims of his master. I also agree to

the deprivation of 'All, but I proclaim my master Mo'dwiya Mo'i-

Caliph." Abu Milsd cried out against this treachery, buf^y**"
no one would listen- to him, and he fled for refuge to

Mecca, where he ultimately recognised the claims of

Mo'dwiya, even in 'All's lifetime. This event marks the

commencement of the Omayyad dynasty. 'Amr went in

triumph to Damascus, where the Syrians took the oath of

fidelity to Mo'dwiya.

In 'Irdlf, on the other hand, with the exception of the

Khdrijites, all the people remained faithful to the cause

of 'All, who, mounting the pulpit at Cufa, summoned bis

army to the field, and fixed their rendezvous at Nokhaila,

a small place not far from the city. The Khdrijites had

taken refuge at Nahrowdn, and 'AH found it necessary to

attack them there, before marching against the Syrians.

At his arrival most of the rebels dispersed, except from

fifteen to eighteen hundred fanatics, who remained at

their post and allowed themselves to be slaughtei-cd to

the last man. Thus rid of the Khdrijites, 'All meant to

direct his march towards Syria, but his soldiers refused

to move, and declared their intention of first taking some
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rest at Cufa. Compelled to inaction, 'All returned to

Cufa, while Mo'awiya gave liis attention to securing the

possession of the provinces. At the beginning of a.h. 38

(A.D. 658-659), Egypt was lost to 'All 'Amr b. al-'As

was sent thithfr by Mo'iwiya, and marched withoilt

4elay, at the head of five thousand men, against 'Ali's

•icegerent, Mohammed, son of the late Caliph, Abibekr.

?ho brave general Ashlar, whom "All sent ta the help of

llohammcd, was poisoned at Kokom by the prefect of

that place, acting under secret orders from Mo'awiya, and

'All's troops retraced their steps. Meanwhile, in Egypt

itself, a partisan of the Omayyads, Mo'a^Tiya b. Hodaij,

who was at the head of sLs thousand fighting men, bad

declared against Mohammed, and driven him from FosUt

On his arrival in Egypt, 'Amr effected a junction with

Mo'Awiya b. Hodaij, and the tmfortunate Mohammed,
beaten by his adverearie:, fell into the hands of Ibn

Hodaij, vbo pat him U> deatiL

While Egypt was thus being lost to 'All, commotions

were excited at Basra itself by a partisan of the Omayyads.

These were, however, put down by the governor of that

city, Ziy4d. This man was Mo'^tfiya'a own brother, but

illegitimate, and not having been acknowledged by Lis

father, Abil SofyAn, he had revenged himself by embracing

the party of 'AIL Ziyid was renowned among the Arabs

for his eloquence, his resolution, and his courage. At a

later period, Mo'Awiya gained him over to his cause by
publicly acknowledging him as his brother. At the time

we speak of, he was a faithful servant of 'Alf, and as soon

as the revolt of Basra was put down, he marched into

Firsistin, v^here he maintained peace and kept the

inhabitants in their allegiance Meanwhile, however, the

other provinces were falling one after the other under the

power of Mo'Awiya. His generals penetrated into the

heart of Chaldsea ; and even m Arabia, where 'All's

generals had at first gained some advantages, Bosr' b.

Artah obtained possession of Medina a.h. 4(T(a.d. 660-661),

and compelled its inhabitants to acknowledge Mo'Awiya.

After this he marched upon Mecca, expelled Kotham,
'All's governor, and there also exacted an oath of obedience

to his master. Following up his successes, Bosr did not
hesitate to press southward, and soon gained possession

of Yemen. 'All vras now no longer master of anything
but 'Irdk and a part of Persia, and even of these provinces
the former was mena(;ed by th^ Syrians, as we have seen.

Taking advantage of some partial successes gained by his

forces in Arabia and in Syria, 'All made overtures for

peace, but they were rejected. Mo'Awiya believed himself
too sure of ultimate succes* to be willing to share the
empire.

It was then that three men of the Khirijitea .xinceived
the project of delivering Islam from those who were
desolating it with fire and. blood. 'Abd al-Rahmin b.

Moljam, Boraik b. 'Abdallih, and 'Amr b. Bekr agreed
that on the very same day the first should kill 'All at Cufa,
the second Mo'Awiya at Damascus, and the third 'Amr b.

al-'As at FosUt. They fixed on Friday the 1 5th of Kamaddn,
A.H. 40, when they were sure of finding their victims at
the mosque. The plot was put in execution, but "All
alone fell On the appointed day, Boraik made his way
into the mosque of Damascus, and stabbed Mo'dwiya in
the bark with his sword. Before he could repeat the
Wow he was seized, and Mo'dwiya recovered from his
wound. As for 'Amr, he had been kept at home by
illness

; his place at the mosque was taken by Khdrija,
the chief of his guards ; and it was he who fell beneath
the blovFB of 'Amr b. Bekr. 'Abd al-Rahmiln was more
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' Not Biahr, as some hlstoriana call bin. Bosr gavo hia name to i

rortiBsa near Koirawdu. Belidliori calla him Boar b. Abl Artih.

successful As 'AU was entering the mosque, Le dealt him

a blow on the head with his sword, and stretched him on

the ground mortally wounded. Two days later 'All died,

and the assassin was put to death with horrible torments.

'All left two sons, Hasan and Hosain. The people of

"IrdV chose Hasan Caliph. But he, not having his father's

energy, recoiled before the prospect of, a war with

Mo'iwiya. Though he had an army of forty thousand

men at his disposal, he preferred to renounce the Caliphate.

Besides, one of his generals, Kais b. Sa'd, who had urged

him to continue the struggle, and had himself tried the

chance of arms, had just been beaten by the Syrians. In

consequence of this defeat, a mu*i2y had broken out in

Hasan's army. He abdicated, atd only demanded, in

exchange for the power which he resigned, pardon for his

relatives and a yearly pension of five millions of dirhems,'

together with the revenues of the Persian city of DArib-

gird. A treaty to this effect was concluded between

Mo'iwiya and Hasan, in spita of the opposition of Hosain,

who exhorted his brother to continue the struggle ; and

Mo'dwiya entered Cufa at the head of his army, accord-

ing to Eome authorities towards the end of the month of

Rabl" I., A.H. 41 (July, a.d. 661), according to others a

month or two later. Hasan retired to Medina, where he

died eight or nine j»sars afterwards, poisoned, it is said,

by order of the Caliph.

Mo'Awiya, who now remained sole master of the Moslem Mo"?

empire, was, however, noi yet universally a^knowledged. "'7*

Five thousand Khirijites made head against him in the ^^
province of Ahwdz, the ancient Susiana, and a revolt broke

out at Basra. Ziydd himself, Mo'Awiya's brother, refused

to take the oath to him, and fortified himself at Istakhr,

the ancient Persepolis. The revolt at Basra was put down
by Bosr b. Art^, and Moghlra b. Sho'ba, whom Mo'iwiya

had named prefect of Cufa, accepted the task of bringiiig

about a reconciliation with Ziy4d. ZiyAd refused to take

the oath of allegia.-ce only because he feared being called

to account for certain sums of money which were missing

from the pubHc treasury of Persia. Mo'.iwiya promised to

shut his eyes to these irregularities ; and ZiyAd came to

Damascus and was very well received by the Caliph, who
hastened to adopt the bastard as his Isrother, to the great

scandal of all pious Moslems.* After acknowledging Ziydd,

who thus became Ziyad son of Abil Sofydn, Mo'dwiya
entrusted him with the government of Basra and of Persia,

and afterwards with that of Cufa, when Mcghlra b. Sho'ba
died. Ziyid governed 'Irik with the greatest Yigour,J;o

the full satisfaction of Mo'dwiya, who further placed the
whole of Arabia under his authority ; but in that same
year, a.h. 53 (a.p 672-673), ZiyAd died. It seems ihat

Mo'awiya had thought of him as his successor in the
Caliphate. After Ziyid's death, the Caliph wished to
secure the throne for his ovm son Yazld. This was a new
violation of the customary rights of Islam ; for Mohammed,
whose actions served as a rule, had not in his lifetime

appointed any one as his successor. Mo'dwiya, who was a
statesman above everjrthing, and who held religion very
cheap when it interfered with his objects, did not hesitate
to create a precedent. He met, however, at first with
Vigorous opposition, and it was not till some years later

that he ventured to have his intentions publicly announced
from the pulpit. In Syria the people took the oath of

allegiance to Yazld ; in Arabia and 'Irdk public opinion
declaied itself against the step, which Mo'dwiya had taken.

' Tlie dirhem is a silver coin worth about a franc.
' At a later period, the 'Abbasid Caliph Mahdi thonght It right to

have the names of Ziyid and hia descendants atiuclc off the roUs of the
Roraish

; but after his death, the persona concerned gained over tb»
chief of the rolls-office, and got their names replaced on the Unta. Rc»
Tabari. iii. 479.
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The Caliph was not -moTed ; threats prevailed over the

obstinacy of the people of 'IrAV, and Mo'dwiya repaired to

Arabia in person, at the head of an army, to intimidate the

inhabitants of Mecca and Medina. As may be supposed,

the principal fomenters of the resistance in Arabia were

the son's of the first Caliphs, 'Abd al-RahmAn the son of

Abiibekr, 'Abdallih the son of 'Omar, and Hosain the

son of 'Ali ; for, by fiubmittmg, they would have renounced

all hope of laeing themselves chosen by the people. Another

'Abdalldh, son of that Zobair who had been among the

six candidates nominated at the death of 'Omar for the

choice of the Moslems, was also one of the warmest

opponents of the pretensions of JIo'Awiya. All the efforts

of the Caliph to win over these personages to his side

having proved vain, he ordered them to be brought into

the mosque at Mecca, each between two soldiers ; then,

having mounted the pulpit, he called on the bystanders to

take the oath of allegiance to his son adding that 'Abd

al-Rahmdn, Hosain, and the two 'AbdallAhs would raise no

objection. They, in their terror, did not utter a word, and

the assembly took the oatL Then Mo'awiya, without con-

cerning himself further about the malcontents, returned to

Damascus.

While thus occupied at home, Mo'awiya did not neglect

roreign affairs. 'Amr b. al-'As, governor of Egypt, died

A.H. 43 (a.d. 663-664), and was followed by several prefects

in succession, under one of whom the general Mo'Awiya b.

Hodaij undertook several expeditions into the province

of Africa. In the year 60 (a.d. 670) he advanced as

far as Camunia, now Siisa, near which city he laid the

foundations of the celebrated KairawAu, and even went

on to Sabaratha, a town situated near the seashore, and

opposite to the island of C'rina. The emperor, Constantine

IV., had sent thither thirty thousand Greeks, who were

beaten and compelled to re-embark in haste. Mo'iwiya b.

Hodaij returned to Egypt after his victory, and the Caliph

now considered the position of the Moslems in AJFrica so

strong, that he separated^ that province from Egypt, and

appointed as governor of Africa 'Okba b. NAfi', who per-

manently established KairawAn, in a plain situated at a

little distance from the first encampment of Mo'4vriya b.

Hodaij. According to some historians, the new city was

completed a.h. 55 (a.d. 674-675).

In the East the successes of the Moslems were still more
brilhant. Ziy4d, brother of Mo'dwiya, as soon as he was

appointed governor of 'Irdk atad Persia, sent an army into

lihor4s4n. It advanced as far as the Oxus, crossed that

river, and returned loaded with booty taken from the

wandering Turkish tribes of Transoxiana. BokhirA was

occupied by a son of Ziyid, and Sa'd, son of the Caliph

'OthmAn, whom Mo'iwiya had made governor of Khords^n,

marched against Samarkand, a.h. 56 (a.d. 675-676).

Other generals penetrated as far as the Indus, and over-

ran and conquered Miiltdn, Kibillistiin, Mokrdn, and
Sijistin.

In the North the Moslems were not less fortunate in

their attacks on the Byzantine empire. Mo'Awiya, while

still only governor of Syria, had gained possession of

Armenia, and had sent a fleet against Cyprus, which, in

conjunction with that of the governor of Egypt, had
effected the conquest of that island. Encouraged by the

result of this expedition, he gave the order for new incur-

sions in the Mediterranean. His fleet of twelve hundred

vessels invested the islands cf Cos, Crete, and Rhodes.

The famous Colossus of Rhodes was broken to pieces, and
it is said that the bronze of which it was made was bought

by a Jew of Emesa, and formed a load for nine hundred

and eighty camel:. The Arabs even dared to threaten

Constantinople, which owed its safety only to the Greek

fire. Yazfd, the son of Mo'iwiya, took part in these

expeditions, but with no great ardour, and in the year 58

(a d 677-678) Mo'Awiya concluded a thirty years' peace

with Constantine IV. Two years later^he died at Damas
cus, after a reign of nearly twenty years. .He had been

governor of Syria for the same length of time Before his

death, he sent for his son Yazld, and having jiointed out

how he had smoothed down all difficulties for him, he

advised him to spare no effort to preserve the attachment

of the Syrians. He n^ged him also to keep a close watch

on the actions of Hosain b. 'Mi, ond of the other pre-

tenders who had refused to take the oath of allegiance tc

him ; but hf added that,, should they rebel, Yaad ought

to treat them with clemency, and not to forget their illus

trious origin. By failing to act upofi this wise advice,

Yazld rendered irreconcilable that formidable schism which,

even at the present day, still divides the Moslem world,

and which, at aU periods has been a source of calamity tc

Islam.

2. Yadd had not his father's genius Passionately Tajrfi

fond of pleasure, and careless about rebgion, he bestowed

more care on turning a pretty couplet than on consoli-

dating the strength of his empire. During his short reign

he committed three actions for which Moslems never

pardoned his memory : the murder of Hosain, son of 'All

and grandson of the Prophet ; the pillage of Jledina , and
the taking of the Ka'ba, the venerated temple of Mecca

,

crimes which were not redeemed in the eyes of the people

by a few fortunate expeditrions on the part of his generals.*

Immediately on ascending the throne, in the month
Rajab a.h. 60 (Apnl, a.d 680), Yazld stnt a circular to all

his prefects, \vith an offiaal announcement of his father's

death, and an order tD administer the oath of allegiance to

their respective subjects. In particular, he charged the

niw prefect whom he appointed to Medina, Kis own cousin

Walld b. 'Otba, to strike off the heads of Hosain son of

'All, 'Abd al Rahmdn son of Abiibekr 'Abdalldh son of

'Omar, and 'Abdalldh son of Zobair, if they again refused

to acknowledge him. Terrified at such 8 commission,

Walld did not dare to act with rigour against Hosain and

'AbdallAh b. Zobair, both of -whom refused to take the

oath, but allowed them to escape to Mecca. Yazid

immediately deprived him of his office, and appointed in

his place 'Amr b. Said, already governor of Mecca Once

in the Holy C"'ty, 'AbdallAh b. Zobair thought himself in

such perfect safety that he began to intrigue with the

Meccans to have himself proclaimed Caliph in Arabia.

At Cufa the news of the flight ol Hosain produced great

agitation among the partisans ol the family of 'AU, who
were numerous there, and they sent several addresses to

the grandson of the Prophet, inviting him to take refugo

with them, and promising to have him proclaimed Caliph

in 'Jiik. Hosain, who knew the fickleness of the people

of 'Irdlf, hesitated to yield to their entreaties, but Ibn

Zubair, who was desirous la get nd at all costs of so

formidable a rival, persuaded him that he ought to go

and put himself at the head of tie people of 'Irdi, and

enter on an open struggle with Yazid. Hosain began by

sending his cousin Moslim b. 'Akll to Cufa, and frf^m him

he learned that many of the inhabitaats of that city

appeared really decided to support him. The prefect of

Cufa, No'mdn b. Bash/r, though apprised of these pro-

ceedings, did not choose to make them known to Yazld,

as he was reluctant to act with severity against a descend-

ant of the Prophet. Information, however, reached the

Caliph, -who deprived No'mdn of his office, and ordered

' Salaio b. Ziyid invaded Sogdiano, and brought back Immense

booty to Merv. In Africa 'Okba b. Ndfl" invaded the whole coast of

the Mediterranean as far as Morocco On hi» return, however, b*

fell into an ambn3cado laid by the Berbers, who kiHed him and tc^
Kairaw&D.
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•Obaid Alldh, son of the famous Ziyid, and then governor

of Basra, to give up bis post there to his brother 'Othmdn,

and to repair in person to Cufa, in order to -n-atch the

partisans of 'Mi in that city. "Obaid Alldh obeyed,

entered Cufa, and, ascending the pulpit the very day after

his arrival, publicly announced his firm intention of putting

to death any one who should rebel. Moslim b. 'Aljll was

given up by a traitor and executed. Meanwhile Hosain,

on receiving his cousin's despatches, had ah-eady set out

from Mecca with all his family, and had reached Kidisiya

(a place situated only fifteen parasangs i from Cufa, and

noted for the defeat sustained there by the Persians

during the Caliphate of 'Omar), when he received the

news of these vexatious occurrences. He wished *o

retrace his steps immediately, but the friends of Moslim

dissuaded him from doing so, crying out for revenge,

and representing to him that doubtless he had only to

show himself under the walls of Cufa to be received with

enthusiasm by its inhabitants. Hosain accordingly pur-

sued his journey towards Cufa. But "Obaid A114h, who

was watching all his movements, sent four thousand

horsemen, devoted to the Omayyad cause, to meet him,

with orders to bring Hosain before him either alive or

dead. The conimander of these horsemen was 'Omar b.

Sa'd,2 to whom "Obaid AllAh had promised the govern-

ment of Media as a reward, if his expedition should

succeed. The Omayyads met Hosain in the plain of

Kerbeld, opposite to Cufa, before he had reached the

Eupjirates, and surrounded him. "Omar b. Sa"d himself

sought out Hosain and summoned him to surrender.

Hosain declared himself ready to renounce his pretensions,

provided he were allowed to return to Mecca with his

followers, or were even sent to Damascus. When 'Obaid

Alldh was informed of this proposal, he simply repeated

his former order to bnng Hosain to Cufa, dead or aUve

;

and, fearing the defection of "Omar b. Sa'd, he sent out

another troop of horsemen under the orders of a certain

Shimr. On the 9th of Moharram in the year 61 (9th

October a.d. 680), Shimr reached KerbeU, and summoned
Hosain afresh to surrender at discretion. Hosain pre-

lerred to die sword in hand, and on the following day,

after a desjjerate struggle, he was cut down with all his

followers. His head was cut off and carried to Cufa, and
then sent to Damascus. His body was not buried till

the following day. Only the women of his family were
spared, and one of his sons ; these were taken by Yazld's

order to Medina, where the sight of their mourning and
the tale of their sufferings caused a profoimd sensation.

The horror and grief of the partisans of "All's family were
great. Hence the names of Yazid, "Obaid Allah, and
Shimr, have been held accursed ever since by the Shi'ites.^

They observe the 10th of iloharrain as a day of public
mourning. Among the Persians, stages are erected in

public places on that day, and plays are acted, represent-

ing the misfortunes of the family of "Ali.^ The Omayj'ads
themselves were loud in their reprobation of this impious
massacre, and all Moslems, without distinction of party,

considered it a monstrous act.

At Mecca the news was received with a degree of
indignation of which 'Abdalldh b. Zobair took advantage to

assume the title of Calijih. As early as a.h. 60, the new
prefect of Medina had tried to secure his person. He had
sent against him a force of two thousand men, at whose

* The parosang is neaily equivalent to an English mile.
' Son of the famous Sa'd b. Abl Wakljas, conqueror of Persia

onder 'Omar, and founder of Cufa.
' Shi'itcs comes from Shi'a, a word which in Arabic signifies "sec-

t.iry." It is the name given to the partisans of the family of "Ali
who acknowledge no legitimate Caliphate outside of that family.
Shi'ism is the reli^on of Persia.

* See Chodzko, TJMlre person. Paris, 1878.

head was placed a brother of the pseudo-Caliph himself,

called "Amr, who, having been accused by "AbdalUh of

maintaining a guilty intercourse with one of his wives,

had become his bitter enemy. "Abdalldh collected an

army, and placed it under the orders of 'Abdalldh b.

§afwdn, who completely defeated the Omayyad troops.

The brother of the pseudo-Caliph was taken and put to

death. At the news of this defeat, Yazid swore that

Ibn Zobair should never appear before him but as a

prisoner in chains. He dismissed the new prefect of

Medina, and reinstated WaUd b. "Otba, who, in the year

61, went to Mecca to try to seize "Abdalldh b. Zobair.

The latter, in derision, wrote to Yazid :
" Walld is a mad-

man, who will ruin eTer)i,hing by his folly ; send in his

place another governor to repair the wrongs he has done."

Yazid thought that "Abdalldh meant these words as a step

towards reconciliation ; hastened to deprive WaUd of his

office ; appointed 'Othmdn b. Moharnmed in his place

;

and even sent envoys to Ibn Zobair. He, however, would

not listen to them ; he thought he could reckon upon the

devotion of the people of Mecca, and further hoped that

Medina itself would declare against Yazid. This, in fact,

took place in the year 63 (a.d. 682-683). The people of

Medina, stirred up by a certain 'Abdalldh b. Hanzala,

who had had a near view of Yazid at the court o^ Damas-
cus, and had been scandalized by the profligacy of his life,

revolted, drove the governor and all the Omayyads out of

Medina, and proclaimed the dethronement of Yazid. The
Caliphate was even offered by some to "All, that one of the

sons of Hosain' who had escaped the massacre of Kerbeld

;

but "AH wisely refused ^t. At the news of this revolt,

Yazid first sent an ambassador to Mediiia. This step

proving fruitless, he next collected an army of from ten

to twelve thousand Syrians, and entrusted their command
to Moslim b." 'Okba, who passed, and with good reason,

for a man who would recoil from nothing. This general,

though weighed down by age and sickness, marched

against Medina, took it, after a battle known as the day of

Harra ^ (26th Dhii '1-Hijja 63, 26th August 683), and gave Capture

up the city for three days 'to massacre and pillage. Tor- aid pil-

rents of blood flowed, and hence Moslim b. 'Okba received »,?',"'.

the surname of Mosrif (the Prodigal). On the fourth
'

day, !Moslim repaired to the mosque, and received the

oath of allegiance from all those of the citizens of Medina
who had not been able to make their escape. The news
reached Mecca a few days later, and fell like a thunder-

stroke on Ibn Zobair and his adherents, \yho prepared for

war, expecting from day to day to see Moslim appear

before the walls of their city. He had, in fact, started

for Mecca immediartely after the conquest of Medina ; but

he died on the road, and the command was taken by
.Hosain b. Nomair. The Omayyad army arrived before

Mecca a month after the captui-e of Medina", and found

Ibn Zobair ready to defend it. A number of the citizens

of Medina had come to the aid of the Holy City, as well

as many Khdrijites and Shi'ites, at the head of whom was
a certain Mokhtdr b. Abi 'Obaid, who subsequently

played a very important part in "Irdk. In spite of the

sorties of the ^leccans, the Syrian army invested the city.

Hosain b. Nomair had caused balistas to be placed on
the neighbouring heights ; and these, under the manage-
ment of an Abyssinian soldier, hurled against the Ka'ba
enormous stones and vessels full of blazing bitumen, with

,
such effect that the temple took fire and wa:i consumed.
After a siege of two months, Ibn Zobair was beginning
to despair, when he received, through an Arab of the
desert, news of the death of 'Yazid. The Caliph had in

fact died on the 15th of Rabl" I. (11th November 683).

• Harra is the volcanic district outside of Medina. One of tlie

gates of tlie city is called the Gate of Harra.

Medina.
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Hosain b. Nomair immediately offered the Caliphate to

Ibn Zobair, on condition that he should grant a complete

anmesty to all those who had taken part in the battle of

Harra and in the siege of Mecca. 'AbdallAh had the folly

to refuse, and Hosain then returned to Damascus.
Thus lid of his enemy, 'AbdalhlJi caused the title of

Prince of the True Believers (Amir al-mo'minin) to be

,conferred on him—a title which 'Omar had already

received, and which was afterwards adopted by all the

Caliphs. Ho sent one of his brothers, 'Obaid Alldh, to

Medina, and chose as governor of Egypt 'Abd al-Rahmdn
b. Jahdam, who repaired to that province, and caused the

authority of Ibn Zobair to be acknowledged there. At
Basra and at Cufa, many of the inhabitants did not

hesitate to acknowledge him, and received a Zobairite

governor, while the Khdrijites and the Shl'ites rose in

revolt—the former at Basra under the leadership of N4fi'

b. Azralj, the latter at Cufa m.der that of Solaimdn b.

Sorad—and e-xi^elled the Omayyad governor, 'Obaid
AllAh b. ZiyAd, who took refuge at Damascus. Mesopo-
tamia soon followed the example of 'IrAk. Even in Syria,

the population seemed disposed to forsake the cause of the

Omayyads. The Khdrijites and Mokhtdr b. Abl 'Obaid,

who had supported Ibn Zobair, now repented of having
laboured for the elevation of this pretender, and quitted

Mecca. The son of Zobair, remaining thenceforth sole

master of Mecca, occupied himself tranquilly in rebuilding

the Ka'ba, which he restored on its ancient foundations.

3. It was in the midst of this break-up of his party

that, immediately after the death of Yazid, his eldest son,

Mo'dvWya II., was elected Caliph at Damascus at the age of

only seventeen or twenty. He was a young man of weak
character, and imbued, it is said, with Shi'ite opinions.

He felt himself incapable of ruling, and was contemplating

abdication, when he died, after a reign of but forty days,

by poison, as some say ; of the plague, as others assert.

The Caliphate was immediately offered to 'Othiu4n b.

'Otba b. Abi Sofydn, cousin of Mo'Awiya II. ; for Khalid,

the second son of Yazld, was only sixteen years old.

'Othmdn b. 'Otba, however, having made it a condition of

his election that he should not be compelled to enter on

any war, or to condemn any one to death, the choice fell

at Damascus on MerwAn b. al-Hakam, a ^descendant of

Omayya through his grandfather Abii 'l-'As, but on con-

dition that he should marry Maipun, the widow of Yazid,

and should appoint Khalid, her son, as his successor.

Mehwan 4. Merwdn b. al-Hakam had been secretary to the
'' Caliph 'OthmAn, and govemoi'of Medina under Mo'Awiya

I. Yazid, on his accession to power, had dismissed him

and put Walid b. 'Otba in hie place ; but Merwan had

continued to live at Medina, and had been driven from it

during the revolt of the year 63, and again in the followiug

year, when 'Obaid AllAh b. Zobair had taken possession

of that city in the name of his brother. It might have

been thought that Merwan would cherish a deep hatred

of "Abdalhlh Ibn Zobair ; but he was an old man of sixty-

two at the time of his election, and. dreading an unequal

strufcle, he was on the point of making his submission to

the Meccan Caliph. The drooping courage of Merwan was

revived by his son 'Abd al-Melik and by 'Obaid Alldh b.

Ziy.ld, and he resolved to try the chances of war.

DalihAk b. Kais, governor of Damascus, had declared

himself on the side of Ibn Zobair, and had raised an army,

principally from among the tribe of Kais. This tribe had

taken offence because Mo'Awiya I. and Yazid had chosen

their wives from the Yemenite tribe of Kalb, and. con-

tinuing to resent their conduct, now refused to acknowledge

Khdlid as the heir-presumptive of MerwAn. It was there-

fore on the Yemenites that Merwan had to depend for the

suppression «f Dabb^l^'s rebellion. The latter had an

army of nearly sixty thousand horsemen, while- Merwin
could bring together only thirteen thousand infantry.

The two armies met at Marj Rihit, a few miles from
Damascus, and, after a series of combats which lasted for

twenty days, MerwAn's troops gained a complete victory,

and DahhAk was among the killed. The Syrian provinces

hastened to acknowledge the conqueror, and MerwAn wa^
able to turn his attention to Eg3npt, which, as will b«

remembered, had submitted to the Meccan. 'Abd al-

'Aziz, a son of JlerwAn, had already marched to Aila on
the Red Sea, and was preparing to enter Egypt ; MerwAn
joined him, and the Zobairite governor of Egypt, beaten
by their united forces, was .obliged to seek safety in flight

Merwan made 'Abd al Aziz governor of the province. Ai
the beginning of the year 65 (a.d. 684-685) MerwAn
returned in haste to Syria; for, during his absence, a

brother of Ibn Zobair, named Jlos'ab, had invaded that

province. MerwAn triumphed over Mos'ab ; but an army
of four thousand men, which he had sent to the HijAz,

and in which was HajjAj b. Yiisuf—then quite a young
man, but who afterwards played so important a part imder
'Abd al - MeUk — was cut to pieces. This defeat was
redeemed by a victory gained by his generals, 'Obaid
AllAh b. ZiyAd and Hosain b. Nomair, at 'Ain al-Wards
over a small army of Shi'ites led by SolaimAn b. Sorad.

But while the battle was being fought in Ramadan 66
(April-5Iay 685), Merwan died ; suffocated, it is said, by
his wife Maisiin, because he had insulted her son KhAlid,

and had broken his word by nominating his own son
'Abd al-Melik as his successor. The accession of 'Abd al-

Melik was attended with no difficulty, as he was acknow-
ledged by the whole of SjTia and Egypt. The Kaisites

'naturally rallied round him, because he had not a drop of

Yemenite blood in his veins.

5. When 'Abd al-Melik ascended the throne, there still

remaine.d much to be done before the imity of the empii.e

could be re-established. Ibn Zobair was still master oi

Arabia and of 'IrAk, though in the latter province hia
" authority was very much shaken by the permanent rebel-

lion of the Shl'ites at Cufa, and of the KhArijites at Basra.

The Zobairite general Mohallab had, it is true, succeeded
in forcing back the KhArijites into Susiana and Persia;

but at Cufa the Shl'ites, at the instigation of MokhtAr,
contipued their agitation. MokhtAr, as we have seen, had
withdrawn from Mecca after the raising of the siege by
Ilosain b. Nomair. He returned to Cufa, and there

fomented serious disturbances. JIanj' of the inhabitants

of that city repented bitterly of having allowed Ho-sain,

the grandson of the Prophet, to be massacred. Amid the
general disorder of the Moslem empire, MokhtAr hoped
to make his o-wn authority acknowledged in 'IrAk and
Jlesopotamia. He put himself forward as the a\ enger of

the family of 'All, and pretended to have been comniissioned

by a son of 'Ali, Mohammed b. Hanafiya,' who was living

at Medina, to give effect to his rights to the Caliphate.

Many Shl'ites believed him, and, detesting their chief

SolaimAn b. Sorad, joined MokhtAr. On learning these

intrigues, the Zobairite governor threw him into prison

Soon after the defeat of SolaimAn at 'Ain al-Warda, at the

request of MokhtAr's brother-in-law, who was no other

than 'AbdallAh the son of 'Omar, the governor consented

to set him at liberty, on his swearing to make no further

attempts against him.. As SolaimAn had fallen on the

' That is to say, the son of the Hanafite woman. The mother of

Mohammed was of the tribe of Hanifa. Even liefore JIokht.ir, Mo-
hammed had parti.-aus who looked on him as de.-tined to he Calipli.

These sectaries received the name of Kaisanites. from a freediiian of

'All, called. iTaisan, who was the most ardent advocate of Mohammed's
pretensions. >:'ter Mokht;ir had declared in favour of Mohammed,
his supnorttis received the name of Mokht.lrite'"
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field of battle at *Ain al-Warda, all the Shfites nowi
Bckaowledged MokhtAr as their chief. He, however, con-

tddering hinseli bound by his oath, remainod inactive

until the governor who had imposed it was replaced by
'AbdalUh b. Motf. The new Zobairite governor, suspect-

ing with reason that Mokht^r was about to recommence
his intrigues, thought it advisable to invite t-iim to his

hons«L, with the intention of having him arrested. Mokh-
tAr called his jiartisans together, and plotted with them to

take Ibu Motf by surprise. As, however, Sa'd, one of the
Shfite chiefs, asked for a delay of a week, for the purpose
af collecting troops, Mokht4r was obliged to feign illness

in order to evade the govemor'fc invitation, and took care

to surround himself with a numerous body of guards.

Meanwhile Sa'd, who had only demanded this delay in

order to ascertain the real wishes of Mohammed b. Hana-
fiya, sent off four confidential messengers to Medina, to ask
Mohammed whether he had really confided the care of his

interests to Mokhtir. Mohammed contented himself with
replying vaguely that it was the bounden duty of every
good Moslem to take part with the family of the Prophet.
These words were interpreted in favour of Mokhtir. and
thenceforward all the Shfites followed him blindly as

tbejr chief. Mokhtdr fixed the middle of the month
Rabf L, A.H. 66, for the commencement of hostilities.

During the night of the 13th to the 14th, the conspira-

lors intended to gain possession of the city by a <xyup

de main ; but the governor was 'on his guard, and
R«voU of Mokhtar and his Shfites took the course of leaving Cufa.

f,"^}^ They numbered sLsteen thousand resolute mea All the
armies which AbdalUh b. Motl sent against them were
successively beaten, and Mokht4r soon re-entersd Cufa in

triumph, compelling the Zobairite governor to flee to Basra.

Once master of Cufa, Mokhtir thought himself already in

possession of the empire. He sent emissaries to Medina,
to Mosul, to MadAin, and even into Azerbaijan, with
orders to induce the people to take the oath of allegiance

to him. He then sent his generals, Yazld b. Anas and
Zofar, against the Omayyad army, which had entered
Mesopotamia after the battle of 'Ain al-Wardii, and fiese
prevented the advance of the S^tians into 'Irik. Another
of Mokhtir's generals, Ibrdhlm b. Mdlik, inflicted a serious

defeat on the Syrians near Mosul, and "Obaid Alldh b.

Ziyid, who commanded them.'foll in the battle, roriibim
was rewarded by Mokhtdr with the government of Mosul
Mokhtdr himseli next took the title of " lieutenant of the
Mahdl " 1 and inserted in the Khotba, on Fridays preaching,
a prayer on behalf of Mohammed b. Hanaffya ; which was
equivalent to declaring him Caliph. After this, urged on
by his adherents, he caused all those who had taken part
in the massacre of Hosain, lue grandson of the Prophet,
like 'Omar b. Sa'd and Shimr. to be sought out and put to
death.

While these events were occurring, the Caliph at
Damascus, "Abd al-Melik, sent an army of observation to
the frontiers of Arabia. Mokhtdr, having been informed
of this, feigned an intention to help Ibn Zobair, and de-
spatched a body of three thousand men from Cufa, under
the command of a certain SharililL His real object was
to concentrate forces at Medina, with a view to attacking
Ibn Zobair. But the latter penetrated his design, and two
thousand Meccans marched by his orders to meet Shardhll,
who was defeated.

In the same year (a.h. 66) Mohammed b. Hanaffya had
gone to Mecca to perform the ceremonies of the pilgrimage.

' Mahdl, or "the woU-guiJed," is the name given by the Shfitos to
that member of the faniUy of 'All who, according to their belief, a one
day to gain possession of the whole world, and set np the reign of
righteoosnesa in it. In MokhtAr'a time, Mohammed b. HanaCya was
looked npon as the MabdL

Ibn Zobair took advantage of this to seize his person, and
confined him in a small house adjoining the well of Zamzam,
within the precincts of the Ka'ba. Mohammed succeeded

in conveying intelligence of his detention to Mokhtdr ; and
he, delighted to find his aid implored by the very man
whose follower he called himself, swore to effect his rescup.

He despatched a thousand chosen horsemen, w?io managed
to ccyiceal their march so well, that they were under the

walls of Mecca before the son of Zobair had been able to

make the slightest preparations for defence. They made
their way into the Holy City; but, being unwiUing to

draw the sword on that sacred ground, they armed them-

selves with sticks, broke in the doors of the house in which
Mohammed b. Hanaflya was imprisoned, rescued him, and
escorted him out of the city. A son of Mohammed, called

"All, who had also been thrown into prison, likewise suc-

ceeded in escaping, and rejoined his father at some distance

from Mecca.

In the following year, Ibn Zobair, who was determined

to get rid, at all costs, of so dangerous an sidversary as

Mokhtdr, ordered his brother Mos'ab to effect a junction
with Mohallab, the conqueror of the Khdrijites, and to

march against Cufa. Mos'ab and Mohallab invested that

city, and Mokhtdr, making a sortie against them, was
beaten, taken prisoner, and beheaded. 'Irdk thus, for Death of

the second time, fell under the rule of Ibn Zobair. 'Mothtdr

Ibrdhlm b. Mdlik, who held Mosul in the name of

Mokhtdr, submitted to the conquerors, on condition of

retaining his government ; but Mos'ab deprived him of

his office, and put Mohallab in his place. He himself

was appointed governor of 'Irdlf by his brother, and,

having installed himself at Basra, placed Cufa under the

orders of his lieutenant HdritL The year after, the

Kidrijites of Susiana raised a fresh insurrection, aqd
invaded 'Irdlf. Mohallab had to be recalled from Mosul,

and during his absence it was Ibrdhlm b. Mdlik whom
Mos'ab chose to supply his place. The period of the
pilgrimage caused a momentary truce to all these struggles,

and in that year was seen the curious spectacle of four

different standards planted near Mecca, belonging respec-

tively to four party chiefs, each of whom was a pretender

to the empire : the standard of 'AbdaUdh b. Zobair,

Caliph of Mecca ; that of the Caliph of Damascus, 'Abd
al-Melik ; that of the son of

' A If, Mohammed b. Hanaflya

;

and that of the Khdrijites, who were at that time under
the comroand of Najda b. 'Amir. Such, however, was
the respect inspired by the holy places, that no disorders

resulted from the presence of so many inveterate rivals.

The Omayyad Caliph, whose troops had been beaten

in Mesopotamia, and who had been hitherto content to

watch tie frontiers of Arabia, was again prevented from
pushing on military operations more actively by the

breaking out of troubles in Syria. A* the beginning
of A.H. 69 (a.d. 688-689), 'Abd al-5Ielik having left

Damascus at the head of a numerous army, with the

purpose of marching against Txdk, the Omayyad 'Amr b. 'Amr k
Said, whom he had appointed governor of Damascus, took Sa'ft

advantage of his absence to lay claim to the supreme power,

and to have himself proclaimed Caliph by his partisans

'Abd al-Melik wm obliged to retrace his steps, and to lay

siege to his own capital The garrison of Damascus took

fright, and deserted their posts ; so that
'Amr b. Said,

abandoned by his followers, was compelled to surrender at

discretion. 'Abd al-Melik at first meant to spare him, but

he afterwards changed his mind, and struck off his head
with his own hand. Scarcely had he suppressed this revolt,

when the Emperor of Constantinople, Justinian IL, in viola-

tion of the thirty years' truce formerly concluded between
Mo'dwiya I. and Constantine IV., sent a Greek army to

invada Syria. 'Abd al-MeUk was obliged to buy peace
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for the time, for he required all his forces to aispute tno

empire with the son of Zobair. He consented, it is

asserted, to pay the Greeks an indemnity of one thousand
pieces of gold weekly. He then gave his attention to the

renewal of the projected expedition against 'Irilf. Mos'ab
the Zobairite had rendered himself odious to the inhabit-

ants of Basra and Cufa by his exactions, and a party

favourable to "Abd al-Melik was already forming in those

cities. The Omayyad Caliph marched forth at the head

of an army composed of Syrians and Egyptians., and
encamped three parasangs from the plain of Dair al-

Jdthallk, not far from the site of Baghdad, where Afoa'ab

had established his army. Before joining battle, 'Abd al-

Melik had written secretly to all the chiefs of Mos'ab's

army, making them the most seductive promises if they

would agree to desert the cause of Mos'ab. This step was
crowned with success, and on the eve of the battle, which
took place on the 13th JomidI [I., a.h. 71 !23d Kov-
ember 690), several of these generals passed into the

Defeat camp of 'Abd al-Melik with arms and baggage. Mos'ab
and nevertheless attacked his enemy, but during the battle he
death of

fQ^J^^ himself deserted by lu.s troops, and, not choosing

to survive his defeat, he caused himself to he slain. This

victory opened the gates of Cufa to 'Abd al-Melik, and all

'IrAt received him with acclamations. He remained forty

days at Cufa, and then, having given the government to

his brother Bishr, while Khilid b. 'AbdalUh received that

of Basra, he returned in triumph to Damascus. Soon
after, the Omayyad arm.s having sustained a check from

the B^liArijites in Fdrsistdn, the Caliph gave KhAlid orders

to march against those sectaries with the support of

Mohallab, who was their terror, and of the governor of

Rey.'- Khdlid succeeded completely in this expedition,

and drove the Khdrijites out of Ahwdz, Fdrsistdn, and
Kirmdn. On his aide, the Omayyad Caliph stirred up a

revolt in Khorisiln, a province which still remained faithful

to the Zobairite cause. Its governor was treacherously

assassinated by his lieutenant Bokair, who received, as the

price of this service, the governorship of the province.

Only Arabia now remamed to Ibn Zobair. In a.h. 72
'Abd al-Melik made preparations for depriving him of it.

fcecond Accordingly he raised an army ; but when his generals

\^F1°^ found that another siege of Mecca was in contemplation,

not one of them was willing to accept such a mission. An
obscure officer, Hajjdj b. Yilsuf, boldly offered to lead the

expedition. 'Abd al-MeUk had little coniidenco in him,

and therefore at first placed only two or three thousand

horsemen under his command. Hajjdj set out, traversed

the Hijilz without resistance, and pitched his camp at Tdif,

not far from Mecca. Ibn Zobair tried to dislodge him
;

but in the frequent encounters between his troops and
those of Hajjdj, the latter always had the advantage.

'Abd al-Melik then decided on sending him a reinfor'^ement

of five thousand men, on receiving which Hajjdj invested

Mecca. The blockade lasted several months, during which

,he city was a prey to all the horrors of siege and famine.

Hajjdj had set up balistas on the neighbouring heights,

md poured a hail of stones on the city and the Ka'ba.

Famine at length triumphed over the last adherents of the

son of Zobair. Ten thousand fighting men, and even

•several of the sons of the pretender, left the city and

surrendered. Mecca being thus left without defenders,

Hajjdj took possession of it and invested the Ka'ba. Then

the son of Zobair, seeing that nun was inevitable, went to

bis mother Asrnd, who had reached the age of a hundred,

and asked her counsel. She answered that he must die

sword in hand ; and when, in embracing him for the last

time, she felt the cuirass which he wore, she exclaimed

that such a precaution was unworthy of a man resolved to

perish. 'Abdall.'ih took ofi" his cuirass, and taking refuge in

Mecca,

tlie Ka'ba, passed the night there in prayer. At daybreaK of
the 14th of Jomidi L in the year 73 (1st October 692),
the Omaj-yp-d troops made their way into the mosque.
'Abdalldh attacked them furiously, notxN-ithstanding hia
advanced age, but at last fell, overwhelmed by numbers.
His head was cut off, carried to Hajjdj, and eent by the
victorious general to Damascus.'
With Ibn Zobair perished the influence which the early

companions of Mohammed had hithertoexercisedover Islam.
iledina and Mecca, though'they continued to be the Holy
Cities, had no longer the pohtical importance whicli had
enabled them to maintain a struggle with Damascus.
Temporal interests, represented by Damascus, will hence-
forth have precedence over those of religion

;
policy will

outweigh fanaticism ;
2 and the centre of Islam, now per-

manently removed beyond the limits of Arabia, will be
more easily affected by foreign influences, and assimilate
more readily their civilizing elements. Damascus, Cufa,
and Basra will attract the flower of all the Moslem
provinces ; and thus that great intellectual, literary, and
scientific movement which is to reach its apogee under the
'Abbdsid Caliphs at Baghddd, will become daily more
marked.

By the death of the son of Zobair, 'Abd al-Aieui 'AM .)

remained sole Caliph; for Mohammed b. Hanafiya "<^'''

reckoned for nothing since the death of Mokhtdr, whose ^^ i^^

creature he had been. The only remaining danger was
from the Khdrijites, who, though incessantly repulsed, as
incessantly returned to the charge. Hajjdj had remained
after his victory at Mecca, where he was occupied in

rebuilding the Ka'ba, ruined for the second time by hie

engines of war. In the year 75, 'Abd al-Melik, alarmed
at the news which reached him from Persia and 'Irdi^

named Hajjdj governor of that province, and gave him the
most extensive powers for the re-establishment of order.

The troops of 'Irdk, who accompanied Mohallab in an
bxpedition against the Khdrijites, had abandoned their

gbneral and dispersed to their homes, and nothing could
induce them to return to their duty. Hajjdj, arriving Jiajjijo.

unexpectedly at Cufa, ascended the pulpit at the moment 'Irak,

when the people were assembled for morning prayers, and
delivered an energetic address to them, which depicts his

character so well, that some passages from it may be
cited :

—

" Men of Cufa, I see before me heads npe for the harvest, and
the reaper— I am he I I seem to myseu already to see blood
between turbans and shouldeis. I am not one of those who can
be frightened by an inflated bag of skin, nor need any one think
to squeeze me like dried figs. I have been chosen on good
grounds ; and it is because I have been seen at work that I nave
been picked out from among others. The Prince of the Believers
has spread before him the arrows of his quiver, and has tried every
one of them by biting its wood. It is my wood that he has found
the hardest and the bitterest, and I am the arrow which he shoots

against you.

"

Thereupon Hajjdj ordered that every man capable of

bearing arms shoiiid immediately join Mohallab in Susiana,

and swore that all who made any delay should have their

heads struck off. This threat produced its effect, and
Hajjdj proceeded to Basra, where his presence was followed

by the same result. Mohallab, reinforced by the army of

'Irdk, at last succeeded, after a struggle of eighteen

months, in subjugating the Khdrijites, and" was able, at

the beginning of a.h. 78, to return to Hajjdj at Basra.

The latter loaded him with honours and made him

' On these events, see Quatremire, Mhnoire kisiorigue tur la vie

d'Abd-AUah b. Zobair. Paris, 1832.
' It is said that the Caliph 'Abd al-Melik affected great piety before

his elevation. At the raoment when he was first saluted wdh the title

of Caliph, he closed a copy of the Koran which was in his hands, say-

ing : " We must now part."
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governor of KhorasAn,' whence he directed several expedi-

tions against Transoxiana.

While Mohallab was fighting against the Khirijites in

Persia, HajjAj himself had had to struggle against rebel-

lion. Thrc^^ KiArijites, ^Alih, Shabib, and Motarrif, had

succeeded in creating a party in Mesopotamia and 'Irdlj.

The second had even pushed his audacity so far as to

inarch upon Cufa, and for a moment had occupied that

city. Hajjdj overcame the rebels; and through his

vigilance, Katari b. al-FojA'a, auother Khirijite chief, after

being pursued as far as Tabaristin, on the Caspian Sea,

was taien and killed by two Omayyad generals.

^Vhen he gave the government of KhorAsAn to Mohallab,

Hajjij had committed that of Sijistdn to 'Obaid Allih b.

Abl Bakra. At the beginning of a.h. 79, 'Obaid Allah's

troops were beaten by the king of KAb^iL HajjAj thought

it advisable to remove 'Obaid AllAh and to replace him

by the captain of his guards, 'Abd al-RahmAn b. al-Ash'ath.-

na tl- This was a bad choice, for Ibn al-Ash'ath had often given

Ub'ttk. proofs of an insubordinate temper, and HajjAj soon had

occasion to repent of it. In fact, soon after his arrival

in SijistAn, 'Abd al-Rahmdn, whose army was composed

of contingents from Cufa and Basra, always ready for

revolt, conceived the design of an insurrection against the

authority of HajjAj. Popular movements often go beyond

the object first proposed ; and not only did the troops

welcome joyfully the idea of marching against the hated

governor of 'IrAk, but they even proclaimed the dethrone-

lent of 'Abd al-Melik, and saluted Ibn al-Ash'ath as

Caliph. The new pretender entered FArsistAn and AhwAz,

and it was in this last province, near Shuster, that

HajjAj name up with him, after receiving from Syria the

reinforojments which he had demanded in all haste from

the- CalipL HajjAj was beaten and obliged to retreat.

Ibn aJ-Ash'ath pursued him as far as Basra, which opened

its gates to him; but fortune soon changed, and he

was again driven out by his adversary. Ibn al-Ash'ath

then turned his arms against •Cufa, and with aid from

j/ithin, obtained possession of it ; thus cutting the com-

munications of HajjAj with Syria. The latter, thus com-

pelled to leave Basra, took the field, and pitched his

camp at Dair al-Jarndjim, two days' journey from Basra.

Ibn al-Ash'ath marched against him at the head of his

army. The condition of 'IrAk caused the greatest aneasi-

ess at Damascus, and 'Abd *J-Melik hoped tc stifle the

revolt by proposing to the insurgents the dismissal of

HajjAj from his post. The insurgents rejected this offer,

and hostilities recommenced. At the end of three months,

in JomAdl 11., a.h. 83 (July 702), a decisive action

took place. Victory declared for HajjAj. Ibn al-.Vsh'ath

9ed to Basra, where he managed to collect fresh troops

;

but, having been again beaten, he took refuge in Susiana,

from which he was driven by a son of HajjAj. The rebel

then retired into SijistAn, and afterwards sought an asylum
with the king of KAbiil. As soon as his partisans had
rejoined him, he penetrated into KhorAsAn, in order to

raise an insurrection there. The governor of this province

was at that time Yazid, son of the celebrated Mohallab,

who had died in the year 82. Yazid marched against

Ibn al-Ash'ath, and cut his army to pieces. From that

time the pretender disappeared ; and it is thought that,

having again taken refuge with the king of KAbiil, he
was betrayed by him and put to death. ^ It was during

' In A.n. 78, "Abd al-Melik had made Khnrusiu and Sijistan depend-
eat on the governor of "Irak, so that Hajjaj had tha right of directly,

nominating the governors of those provinces.
' This king of KdbiSl is called Batbil or Uotbil by some historians,

and Zenbi'l by others. See Weil, Geschich'e der Chati/en, i. 449

;

Tabari, transl. by Zotenberg, iv. 127 ; and Mas'iidi, transl. by Barbier
lie Mej-nard, index, s. v. Rotbil. According to Abulfeda's Oeography,

this long struggle that, in the ye-rr ^?, HajjAj laid the

foundations of -the city of WAsit (the Intermediate); so

called because it is situated midway between Cufa and

Basra. Some time after the suppression of this revolt, in

the year 84, HajjAj deprived Yazid b. .Mohallab of the

government of KhorAsAn, accusing him of partiality

towards the rebels, and appointed in his sfead first hia

brother Mofaddal b. Mohallab, and nine months sf'er

Kotaiba b. Mosiim, who was destined at a later period to

extend the sway of the Moslems in the East as far a;

China.

While these events were taking pla:„, 'Abd al-Melik

was engaged in the West in a struggle against the Greeks.

We have seen that in the year 6S the Caliph, compelled

as he then was to direct all his efforts towards 'IrAk and

Arabia, had concluded a disgraceful peace with Justinian

ir. It was not till a.b. 73 (a.d. 692-693) that he

resumed hostilities in Armenia, Asia Minor, and Africa.

The operations in ..Asia :Minor and in A-rmenia were

entrusted to Mohammed. b. MerwAn, brother of the Caliph,

and to 'OthmAn b. Walld. They beat the Greeks at

first ; but, in consequence of subsequent reverses, tha

Moslems were compelled to accept peace, which 'was

broken anew by the Greeks about the year 75 or 76, the

Caliph in one of his letters to Justinian II. having used

expressions which displeased the Christian monarch. . In

retaliation, Justinian threatened to have legends offensive

to Islam struck on his coins. As, up to that time, the

Moslems had no special coinage of their own, and princi- First

pally used Byzantine and Persian money, this menace led Ar»bie

'Abd al-Melik to institute a purely Arabic coinage. It
'^'"°'»*

was a Jew of TaimA, named Somair, ^^'ho commenced its

fabrication. Justinian II. refused to receive these coin^

in payment of the tribute, and declared the treatj' at an

end. The incensed Moslems fought valiantly, and suc-

ceeded in extending their frontiers to Jlar'ash, on the

side of Asia Minor, and to .Amid, on the side of Armenia.

From this time forth the Moslems made yearly expedi-

tions against the Greeks ; but they were only razzias, for

which the Greeks often avenged themselves by iiiCursiona

into the territory of Islam.

In Mnca. we have seen tiat 'Okba b. NAfi' Lad been

slain "by the Berbers, who liad taken KairawAn. la tho

year 73 'Abd al-Melik sent HassAn b. No'mdn jntc

Africa, at the head of a numerous army. He retook

KairawAn, swept the coast as far as Carthage, expelling

the Greek garrisons from all the fortified places, and
then, turning his arms against the Berbers, beat them so

completely that they submitted for a long time to the

tribute and the conscription. But when HassAn left Mrica,

the Greeks, under the successor of Justinian, retook the

coast-line. HassAn prepared to return to Africa, but he
previously demanded from the governor of Egypt, 'Abd
al-'Aziz, the recall of a freedman, whom he had appointed

governor of a part of the province of -Africa. 'Abd al-

'Aziz refused, and HassAn went to Damascus to complain
to the Caliph. Soon after his arrival at the capital he
died, and the governor of Egypt placed MiisA b. Nosair
at the head of the expedition. This general reconquered
the seaboard as far as Carthage, and drove the Greeks
permanently from it. The daring MfisA continued his

triumphant march, and took possession of the whole of

the coast to Tlemcen. One of his lieutenants, in the

year 82, carried a reconnaissance by sea as far as Sicily.

The Moslem fleet having been destroyed by a storm,

MusA equipped another, and entrusted its command to his

brother 'AbdallAh, who returned to Sicily and effected a

p. 343, Ibn al-Ash'ath was killed in the province of Arrokhaj (AJ»i»

choala), and kis head was sent to Damascus and Egj'pt.
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razzia there. MerwAn, the father of 'Abd al-llelik, Lad
desitjnated as successor to tho latter his other son, 'Abd
al-'AzIz, governor of Egypt. 'Abd al-'.tVzlz having died

in the year 84, 'Abd al-5lelik chose as heirs of the empire,

first his son Walid, and after him his second son SolaimAn.'

He himself survived 'Abd al-'Azlz only two years, and
died 14th Shaw-svAl 86 (8th October 705), at tho age
of about sixty. His reign was one of the most unqmct
in the annals of Islam, but also one of the most
glorious. 'Abd al-Melik not only brought triumph to the

cause of tho Omaj-yada, but extended and fitrengthened

the Moslem power externally. Amid so many grave

anxieties, he yet found time for his pleasures. He was
passionately fond of poetry, and his court was crowded
with poets, whom he loaded with fa'i-ours, even if they

were Christians, like AkhtaL In his reign flourished

also the two celebrated rivals of Akhtal, Jarlr and
Farazdalj.^

6. Immediately on his accession Walid confirmed

Hajj.ij in the government of 'Irdk, and appointed as

governor of Medina his cousin 'Omar b. "Abd al-'Aziz, who
was received there with joy, his piety and gentle character

jeing well known. Under his government important

works were undertaken at Medina and Mecca by order of

AValid, who, having no rivals to struggle against, was
able to give his attention to pacific occupations. The
jnosque of Medina was enlarged, wells were sunk, the

streets widened, and hospitals established. At Mecca
many improvements were introduced. The reputation of

'Omar attracted to the two Holy Cities a great number of

the inhabitants of 'Irdk, who were groaning under the iron

Land of HajjAj. The latter, who was not a man to let his

prey escape from his grasp, was so urge '^ with Walid
that he obtained the dismissal of 'Omar b. 'Abd al-'Aziz in

the year 93, and the appointment of 'OthmAn b. Hayydn
at' Sledina, and of Khdlid b. 'AbdallAh at Mecca. These

two prefects compelled the refugees at Mecca and Medina
to return to 'Irik, w-here many of them were cruelly trea,ted

and even put to death by Hajjdj. J , was probably his

cruelty which drove so many men of 'Irdk to enlist in the

armies of the Eastland the South; and this may in some
degree account for the unheard-of successes of Kotaiba b.

Moslim in Transoxiana, and of Mohammed b. KAsim in

India. They may also be explained by the ambition of

Hajj.'lj, w-ho, it is said, cherished the project of creating

a vast empire for himself to the east and south of the

Moslem realm, and had secretly promised the government

of China to the first of his generals who should reach that

country. Be this as it may, in the course of a very few

years Kotaiba conquered the whole of Bokharia, KhArizm,

and Transoxiana or Md war4-annahr, as far as the frontiers

of China. Meanwhile Mohammed b. K.isim invaded

MokrAn, Sind, and Miiltin, carried off an immense booty,

and reduced the women and children to slavery. In

Armenia and Asia Minor, Maslama, brother of the Caliph

Walid, and his lieutenants, also obtained numerous suc-

cesses against the Greeks. In Armenia, Maslama even

advanced as far as the Caucasus.

The most important achievement, however, of Walld's

reign was the conquest of Spain. The narrative of this

conqvest belongs specially to the history of Spain ; and we
shall therefore only touch briefly on it here. We have seea

that, even in the Caliphate of 'Abd al-Mclik, Miisd b.

Nosair had penetrated as far as Tlemcen in Africa. Under

Walid, Miis.A, who had been appointed governor of Africa,

entered Morocco, occupied Fez and Tangier, and then

' '.\bJ al-Melik had several other sons, two of wbom, Yadi and

Hish.im, also reigned.
' See Caussiu de Percc-jjl, Journal asialique, 2« serie, vols. liii.

niiJ -.i.-.

returned to KairawAn, having made his lieutenant T^rik
governor of Tangier and of all the West of Africa. Tho
town of Ceuta still held out under its governor Julian,
who held it in the name of Witiza, King of Spain. Witiza
having been dethroned by Roderic, Julian thought he
might find the Arabs useful allies in the struggle which
he proposed to carry en against the usurper ^ and entered
into negotiations with TArik. The latter, foreseeing the
possibility of conquering for the advantage of the Arabs a
country which had been represented to him as a paradise,
requested instructions from MiisA, who referred the matter
to the Caliph. Walid gave MusA carte blanrke, and TArik:
hastened to make alliance with Julian. He first, however,
sent four ships, with five hundred men under the command
of Tarif, to reconnoitre the country. This expedition was
successful, and TArik, now certain of meeting no serious
opposition to his landing, passed into Spain himself, at the
head of twelve thousand men, in the year 92 (a.d. 710-711),
and landed at the spot which thence received the name of
Jabal-TArik, or "Mountain of TArik," a name which was
afterwards corrupted by the Westerns into Gibraltar. At
the news of this invasion, Roderic led a numerous army
against the Arabs, but was completely routed near Cadiz,
and perished in the conflict. MiisA, jealous of the
success of his lieutenant, hastened to Spain with eighteen
thousand men, and his first step on arriving was to send
TArik orders to suspend his march. But T^rik, far from
obeying, divided his little army into three corps, and
obtained possession successively of Ecija, Malaga, Elvira,

Cordova, and Toledo. MilsA, hopeless of arresting the

victorious march of TArik, determined to play the part of

a conqueror himself, and took Seville, Carmona, and
Merida. On rejoining TArik at Toledo, the first step .he

took was to throw him into prison. The Caliph, how-
ever, gave orders that he should be set at liberty and
restored to his command. The two conquerors then

shared the country between them, and, in less than
three years, all Spain' was subdued, to the very foot of

the Pyrenees. Meanwhile Walid, fearing to see Miis4
declare his independence, recalled him to Damascus. He
obeyed after appointing his son 'Abd al-'Azlz governor of

Spam, and assigning Senile as his residence. MAsA left

Spain iu the month of Safar, a.h. 95 (October-November

713), in company with TArik, bringing an immense booty to

Damascus, and leading in his train a great number of

prisoners. His journey from Ceuta to Damascus was
one long triumph. He reached Egj-pt in the month of

Rabi' I. in the following year (Nov.-Dec. 714), and then

moved on by short marches towards Damascus, where he did

not arrive till two months and a half later, at the very

moment when WaKd had just breathed his la.-t, and his

brother SolaimAn had been saluted as Caliph. The
renowned Hajj.ij had preceded his sovereign, and had
expired five days before the end of Ramadan, a.h. 95.

MiisA did not receive the reward due to his distinguished

services. Accused of peculation by the new Caliph, he

was beaten with rods, and condemned to a fine of 100,000

pieces of gold ; and all his goods were confiscated'.

SolaimAn did not stop here : he caused 'Abd al-'Aziz, the

son of MiisA, to be put to death in Spain, and carried his

cruelty so far as to show his severed head to MiisA, asking

him whether he recognised it. He replied that it was the

head of a man a thousand times superior to him who had
ordered his death. MiisA died soon after. As for T^rik,

there is no further mention of hira after the beginning of

the reign of SolaimAn, and we must therefore suppose

that he retired into private life.

' AccoTding to Eastern chronicles, Julian's hatred of Roderic araa»

from the latter's baring dishonoured his daughter.
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7. Solaimin had nearly missed tbe throne. Walfd, in

the very year of his death, n-ishcd to have bis son 'Abd

»l-'Az(z b. Walld chosen as his successor, and had offered

BolaimAn a great sum of money to induce him to surrender

his rights to the Caliphate; but Solaimin obstinately

refused to do so. Walld went still further, and sent

letters to the governors of all the provinces, calling on

them to make the people take the oath of allegiance to

his son. None except HajjAj and Kotaiba b. Moslim

consented thus to set at nought the order of succession

established by "Abd al-Melik ; and SolaimAn succeeded

without diflSciilty at the death of his brother. AVe can

easily conceive the hatred felt by Solaimiln for HajjAj,

and for all that belonged to him, far or near. HajjAj

himself escaped by death ; but Solaimin poured out his

wrath on his family, and strove to undo all that he had

done. First of all, Jlohammed b. KAsim, the conqueror

of India, who was cousin to HajjAj, was dismissed from

his post and outlawed. HajjAj had deprived Yazld b.

Mohallab of the government of KhorAsAn ; SolaimAn

conferred on him that of 'IrA^r. Kotaiba b. Jloslim, on

learning the accession of SolaimAn, knew that his ovm

ruin was certain, and therefore anticipated the Caliph by

a revolt. But SolaimAn induced Kotaiba's troops to

desert by authorising them to return to their homes ; and

when the illustrious general sought to carry his army with

him, a conspiracy was formed against him which ended in

his mmder. Yazid b. Slohallab, who preferred KhorAsAn

to 'IrAk, obtained permission to exchange. Immediately

on his return to KhorAsAn he set on foot a series of new

expeditions against JorjAn and TabaristAn. But the

inhabitants of KhorAsAn, which he governed oppressively,

made complaints against hiin to the Caliph, accusing him

of practising extortions in order to obtain such a sum of

money as would enable him to rebel against his sovereign.

From that day SolaimAn determined to get rid of Yazid.

Aii, however, he was then dreaming of the conquest of

Constantinople, he thought it prudent to dissemble his

dissatisfaction for some time.

The Byzantine empire was disturbed by internal

troubles during the years a.d. 715-717. SolaimAn

resolved to take advantage of these in order to rid hiipself

for ever of the hereditary enemy, of Islam, and prepared >•

formidable o.y:pedition. A fleet of eighteen hundrfed

Tessels, equipped at Alexandria, sailed to the coasts of

Asia Minor, took on board the Moslem army, commanded

by Maslama, and transported it to Europe This army
appeared under the walls of Constantinople, 15th August

717, five months after Leo III., the Isaurian, had ascended

the throne. Once more the Greek fire prevailed agairst

the Moslems. Their fleet was destroyed by this terrible

engine of war ; the army could obtain no fresh supply of

provisions, and suffered all the horrors of famine. Mean-
while the Caliph, who desired to be present in person at

the taking of Constantinople, had set out to join the

army. He fell ill at DAbik, not far from Aleppo, and died

there on the 22d of September in the same year, after

having nominated as his own successor his cousin, 'Omar
b. 'Abd al-'Aziz, and as successor to the latter, Yazld b.

'Abd al-Melik, his own brother. In vain did the new
Caliph despatch from Egyjjt a fleet of four hundred ships

to carry arms and provisions to the army before Constanti-

nople ; this fleet also was destroyed by the Greeks, and
the Moslem army was decimated by famine, and soon by
the plague as ;Yell. A hundred thousand men perished

miserably under the walla of Constantinople, and Maslama
brought back to A-sia Minor a mere handful of soldiers,

and that vrith great difficulty.

8. 'Omar b. 'Abd al-'Azlz, incensed at this disaster,

took hia revange on the Christians of his own states by

excluding them from all public employments, in spite of

the great services they rendered there, and by loading

them -with imposts to such an e.xtent that one pubUc

functionary wTOte thus to the Caliph :
" If things continue

to go on in Egypt as at present, all the Christians will

become Moslems to escape taxation, and the State will

lose its revenue." To this the pious 'Omar replied :
" I

should look on the conversion of all the Christians as a

great piece of good-fortune ; for God sent his prophet to

act the part of an apostle, and not of a tax-gatherer." By
his religious intolerance, by the simplicity of his life, and

by his vigour in observing the precepts of his religion and

enforcing their observance, 'Omar has acquired in Moslem

history the reputation of a saint. But the sanctity of a

prince docs not ensure the greatness of a State ; and the

reign of 'Omar, as we shall see, was injurious rather than

advantageous to Islam. He alienated the provincial

governors by his severity ; and the family of 'AbbAs took

advantage of the general discontent to stir up the people

secretly, and thus to prepare the way for the fall of the

dynasty.

It will be remembered that SolaimAn died before carry-

ing out his purpose of deposing Yazid b. Mohallab, the

governor of KhorAsAn. 'Omar II. took it on himself to

fulfil this design. He summoned Yazid to his presence,

and on his arrival at Damascus, threw- him into prison,

and demanded the roptitution of the money which he

believed him to have misappropriated. As Yazid alleged

that he could render no account of it, the Caliph banished

him to Dahlak, a small island in the Red Sea, but soon

brought him back, and placed him in close confinement.

It was not till a.h. 101, when 'Omar 11. was dying, that

Yazid succeeded in escaping and took refuge in 'IrAk.

Mokhallad, the son of Yazid, whom Lis father, on quit-

ting KhorAsAn, had left there as his lieutenant, was also

summoned to Damascus, and the Caliph at first appointed

JarrAh b. 'AbdallAh governor of that province, but soon

after, on receiving complaints against him, replaced him
by 'Abd al-RahmAn al-Koshairf, whom he desired to use
every effort for the coYiversion of the unbelievers, rather

than to think of extending the Moslem power by force

of arms. With so pacific a disposition, it is easy to

imderstand that the Caliph did not signalize his reign by
any conquest ; except a revolt of the KhArijites in 'IrAk,

which was suppressed by Maslama, his caliphate was not
distinguished by any warlike event. Its most noticeable

occurrence, as we have said above, was the commencement
of the 'AbbAsid movement.
The 'AbbAsid family derived its name from 'AbbAs, who 'Abbi

was Mohammed's uncle on the father's side, and who, ™°'«-

during the Prophet's life, had enjoyed universal considera-
™™''

ticn among the Moslems. It was he who, at the death of

the Prophet, had the charge of washmg the corpse. The
first Caliphs, Abiibekr, 'Omar, 'OthmAn, and 'All, showed
the utmost deference to 'AbbAs ; and his eldest son
'AbdallAh had been united in the closest friendship with
Hosain, the unfortunate son of 'All. After the assassina-

tion of 'All, and the slaughter of Hosain, 'AbdallAh had
retired to Mecca, and there brought up his numerous
family in hatred of the Omayyads. It was from his.

yoimgest son 'Ali, born a.h. 40, that the 'AbbAsid dynasty
sprung. Under the Caliph 'Abd al-Mehk, this 'Ali was
living at Damascus ; but, on his marrying LabhSba, the
divorced wife of 'Abd al-Melik, the Caliph conceived a
groat aversion for 'All. Walld, the son and successor of

'Abd al-Melik, inherited his father's prejudices, subjected

'Ali to every kind of insult, and drove him frcr his court.

Walid's successor, SolaimAn, gave him leave to return to

Damascus, but All, instead of availing himself of this

permission, preferred to retire to Homaima, a town situ-
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ated in the south of Syria, on the confines of Arabia. It
was in this retirement that his son Mohammed conceived
the design of supplanting the Omayyad dynasty. We have
said that the first 'AbbAsids vrere closely united with the
family of 'Ali. Mohammed b. 'All, the "AbbAsid, saw
clearly that it was only among the followers of 'Alf that he
was likely to be able to form a party. • To attain this

object, he formed the plan of making it believed that a
descendant of the Prophet's son-in-law Lad transmitted to

him his rights to the Caliphate. It will be remembered
that Mohammed b. Hanaflya had eome forward as a pre-

tender to the throne at the troublous period when Ibn
Zobair and 'Abd al-ilelik were disputing the Caliphate.

According to the story of the 'Abhisids, Abii H4shim
'AbdallAh, the son of Ibn Hanafiya, had gone to Homaima,
to the house of Mohammed b. "All. and had made on his

deathbed a legal tran.sfer of his rights to Mohammed, by
appointing him his heir. WTiatever may be the truth

respecting this transfer,' Mohammed the 'Abb4sid spread

abroad the report of it, and chose especially for its pro-

pagation the provinces in which the family of "Ali had
the greatest number of adherents, 'Irilj; and KhorAsAn.
Emissaries sent by him into these two provinces, under
the caliphate of "Omar II., began to stir up the peoplfs

in secret against the reigning house. 'Omar was probably

acquainted with these intrigues, but he had not time to

repress them, for he died on the 20th or 25th of Rajab,

A.H. 101 (5th or 10th February 720), after a reign of

about two years and a half.

9. Yazld, the son of 'Abd al-Melik, ascended the

throne without resistance. His first care was to piusue

Yazfd b. Mohallab, who had escaped from his prison and
taken rpfuge in 'IrAlf. Besides reasons of state, Yazld IL
had personal reasons for ill-will to Yazid b. llohallab.

One of the wives of the new CaHph, the same who gave

birth to that son of Y'azld II. who afterwards reigned

under the name of Walld II., was niece to the celebrated

HajjAj, who, as it will be remembered, had hated and per-

secuted Yazld b. MohaUab. Aware of the alliance of tha

new Caliph with the family of HajjAj, the son of Mohallab
had made eyery effort to escape as soon as he was informed

of the illness of 'Omar II. ; for he well knew that Y'azfd

n. would spare neither him nor his family. In fact, the

Caliph sent express orders to the prefect of 'IrAlr to arrest

all the brothers and other members of the family of

Mohallab who were to bo found at Basra ; and this order

was immediately carried out. But Y'azid b. Mohallab had
many partisans in 'IrAk. He collected a small army, and
iought with such valour that in a short time he succeeded

•ja making himself master of Basra, where he had himself

proclaimed Caliph. The public treasury fell into hia

hands, and he employed it in paying his troops and in

raising fresh ones, whom he sent on expeditions into

Khiizistin or AhwAz, FArsistAn, MokrAn, and Bind. As
this revolt threatened to spread far and nide, Yazid II.

was obliged to have recourse for its suppression to the

celebrated Maslaraa. Early in A.n. 102, this illustrious

general took the field, and completely defeated Ibn

MohaUab near Basra. Yazld fell in the battle, and his

brothers fled beyond the Indus, but were pursued and

slain by the lieutenants of Ma.slama.

This revolt suppressed, Yazld II. was able to give his

thoughts to the extension of the empire, an object which

had been so much neglected by his predecessor. Several

expeditions were directed against FarghAna in Transoxiana,

against the Khazars in Armenia, and against the Gieoks

in Asia Minor, but without any very decided results. In

' The 'AljMsid Caliph Ma'DiAji certninly did not believp In it for he

thought it his duty to restore the Caliphate to tlie faioily of "AH hy

appointing as his successor 'All Ridi, a desceudant of the Caliph 'AU.

576
I Africa, serious troubles had been caused by the appoint,
1
ment as governor of a certain Yazld b. Abl Moslim, who
had been secretary to HajjAj, and who followed the
example of his master's implacable harshness. The Ber-
bers rose in insurrection, slaughtered the unfortunate
governor, and chose in his place Mohammed b. Aus. The
Caliph at first ratified this choice, but soon after dismissed
Mohammed from his post, and replaced him by Bishr b
SafwAn, who sent out an expedition against Sicily

In Europe, the Arabs obtained at first some degree of
success. Under the orders of Samah, then governor of
Spain, they crossed the Pyrenees, and took possession of
Karbonne ; but, having been beaten at Toulouse, they had
to retrace their steps. It was the celebrated Abderame
{'Abd al-KahniAn) who efi'ected their retreai.

Yazld II. died three years later of a lingering illness,

caused, it is said, by his grief for the death of a favourite
slave-girL At his accession, Yazld had designated as his
successors, in the first place his son HishAm, and in the
second his son Walld. HishAm ascended the throng
without opposition.

10. HishAm was a j'ious prince and an enemy of

luxury; as rigid in his religion as 'Omar II. To this

severity may in part be attributed the disturbances which
broke out in the provinces diu-ing his reign. The
governors were accustomed to remain loyal to the Caliphs
only when the latter did not exact from them too rigorous
an account. HishAm was, besides, very avaricious, a
fault highly calculated to make him odious to those about
him. Lastly, ho favoured the Yemenites, and this

alienated from him the powerful party of the Kaisites.

All these circumstances emboldened the 'AbbAsids to carry

on actively their propaganda in "IrAk and KhorAsAn, and it

succeeded beyond their hopes. The Kaisite tribes, ofi'ended

at seeing the Caliph bestow the best posts on Yemenites,

were ready to espouse with enthusiasm the cause of any

one whose aim was the overthrow of the Omayyads.
Eabellion had been smouldering in the provinces for

thirteen years ; it broke out at last at Cufa and in the

whole of 'IrAlf, under chiefs called Moghlra and Bahliil

;

and when these insurgents had been chaitised, others

sprung up in their place, 'Amr al-Yashkorl, Al-'Anazl,

and A!-SakhtayAnI. The prefect of 'IrAk, KhAlid b.

'AbdallAh, was accused of favouring this revolt, was

degraded, and rei'laced by Yiisuf b. 'Omar, who threw

him into prison, whore he remained for eighteen months.

This measure increased the discontent of the people of

'IrAk, and a member of the family of 'All, Zaid b. 'All,

collected round him a small body of partisans, and had

himself jiroclaimed Caliph, a.h. 122 (a.d. 739-740).

I'nfortiuiately for Zaid, ho had to do with the same Cufans

whose fickleness had already been fatal to his famiJy. In

tha moment of danger he was deserted by his troops,

slain in an unaiual conflict, and his head sent to Damascas.

In KhorAsAn also there were very cerious disturbancea

In the year lOG (a.d. 724-725) there had already been

a revolt at Halkh, excited by the emissaries of the

'AbbAsids. The following years brought with them fresh

troubles, which led to the dismissal of the governor of

KhorAsAn, Asad, the brother of KhAlid b. 'AbdallAh, who

had been prefect of 'IrAk. I'nder the successors of Asad,

who were successively Ashras b. 'AbdailAh, Jonaid b.

'Abd al-RahmAn, and 'Asim b. "AbdallAh, seditions broke

out in Transoxiana, which were rejiressed with great

difficulty ; and it was not until the year 1 20 that, by tht

appointment of the brave and prudent Na?r b .Sayyir

as governor of KhorAsAn, peace was for a time restored

to that region. The 'AbbAsid emissaries, nevertheless,

secretly continued their propaganda.

In India, several provinces which had been converted
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to Islam under the Caliphate of 'Omar II. declared them-

selves independent ; and this led to the founding of

several strong cities for the purpose of controlling those

provinces. It was thus that the cities of Mahluza and

Manaiira had their origin.

In the north and north-west of the empire there were

no internal disorders, but the Moslems had much to do to

maintain themselves there against the Alans, the Turko-

mans, and the Khazars. The illustrious Maslama lost his

life in battle, and MerwAn b. Mohammed, afterv^ards

Caliph, took his place as prefect of Armenia and Azer-

baijan. He succeeded in imposing peace on the petty

princes of the Eastern Caucasus, and in consolidating the

Arab power in that quarter. The war against the Byzan-

tines lasted during the whole of HishAm's reign. In Asia

Minor, the Moslems rcoccupied C»sarea, and laid siegf to

Nic«a. Arab writers even declare that Constantino, after-

wards Emperor of Constantinople, was made prisoner in

the year 1 14 (a.d. 732-733), but the Byzantine authori-

ties make no mention of this fact. On the other hand,

they notice an important defeat of the Moslem arms in

A.D. 739. This defeat, which is acknowledged by the

Arab writers, cost the life of their general, 'Abdallih,

•urnamed al-BatUl— "the hero"—whose prowess still

lives in the memory of the people of Asia Minor.

In Africa, several successive prefects were fully occupied

in repressmg the constant insurrections of the Berbers.

In Spain, the attention of the Moslqpis was principally

turned to avenging their defeats beyond the Pyrenees.

As early as the second year of the reign of HishAm,

'Anbasa, governor of Spain, crossed the Pyrenees, and
pushed on military operations vigorously. Carcassonne

and Nimes were taken. The death of 'Anbasa, in a.h.

107 (a.d. 725-726), put a stop to hostilities ; but they

recommenced still more vigorously six years later. 'Abd
ol-RahmAn (.A.bderame), the same who, under Yazfd 11.,

had led back to Spain the remnants of the Moslem army,

crossed the mountains anew, and penetrated into Gascony
by the passage of Roncevaux. The Jloslems beat the

Duke Eudes, gained possession of Bordeaux, and overran

the whole of Southern Gaul as far as the Loire. But in

A.H. 114 (a.d. 732) Charles Martel, whose aid the Duke
of Aquitaine had implored, succeeded in inflicting on 'Abd
al-RahmAn so severe a defeat, near Poitiers, that the

Moslems were obliged to effect a hasty retreat, and to

return to Spain. Two years later the new governor of

Spain, 'OUba b. al-HajjAj, re-entered Gaul, and pushed
forward expeditions as far as Burgundy and Dauphin^.
Charles Martel, with the help of the Lombards, again
drove back the Arabs as far as Narbonne. Thenceforth
the continual revolts of the Berbers in Africa on the one
side, and on the other the internal troubles which disturbed

Spain, and which led at a later period to its independence,
offered insurmountable obstacles to the ambition of the
Moslems, and prevented their resuming the offensive.

Such was the state of the empire when HishAm died
on the 6th of KabI' II. a.h. 125 (6th Feb. a.d.

743), after a reign of twenty years. He had not been
wanting in energy and ability. Yet under his reign the
Moslem power declined rather than advanced, and signs
of the decay of the Omayyad dynasty began to show
themselves. The history of his four successors, Walid XL,
Yazfd III., IbrAhim, and MiiwAn II., is but the history of

the fall of the Omayyads.
11. Walid II., the son of Yazid II., ascended the throne

without opposition at the death of HishAm ; but he soon
made himself so much hated and despised by his debauch-
eries and his irreligion that even the sons of IlishAm and
of Walid I. plotted with the enemies of the Omayyads.
Yazfd, one of the sons of Walld I., went so far as to take

openly the title of Caliph, and to march against Damasuus,

which Walld II. had quitted for fear of a pestilence whicl

.

was then raging there. This step was fatal to the Caliph.

The inhabitants of Damascus opened their gates to Yazid,

who took possession of the arsenals, and used the arms

they contained to equip new troops. Walld II., on his

side, collected his adherents and marched against his rival.

The two armies met at a place called Bakhra, on the

confines of Syria and Arabia. Yazid had no difficulty in

overcoming his opponent, who was abandoned by his own
soldiers. Walid II. died fighting, having reigned little

more than a year, aud his head was taken 'to Damascus,

and carried about the city at the end of a spear. (JomAdi

IL, A.H. 126, March-April 744.)

12. The death of Walld IL, far from appeasing the

troubles of the State, put its unity in greater jeopardy than

ever. The distant provinces escaped from the power of

the new Caliph. In Africa, 'Abd al-RahmAn b. Hablb
declared himself independent. In Spain, every emir

aspired to free himself from a suzerainty which appeared

to him only nominal. In KhorAsAn the 'AbbAsid emissaries

were more and more busy, acting in the name of IbrAhim

b. Mohammed, who had become the head of the family by

the death of his father, Mohammed b. 'Ali. Even in Sj-ria

Yazid III. saw his authority disputed. Himself belong-

ing to the sect of Mo'tazilites, who rejected the doctrine

of predestination—a sect to which we shall have occasion

to recur in treating of the religious history of Islam

—

he aroused all the orthodox against him. Besides this,

many of the Syrians, from a sudden change of feeling,

now desired to avenge the death of WaUd II. The
inhabitants of Emesa revolted, and marched against

Damascus. They were beaten at a place called Thanfyat

al-"OkAb, or The Eagle's Pass, twelve miles from the

capital. Palestine rose in its turn, and chose as its Caliph

anothei" Yazid, cousin of the reigning prince. This revolt

also was suppressed. But a greater danger menaced
Yazid III. The Omayyad MerwAn b. Mohammed, who
was, as we have said, governor of Armenia and of Azer-

baijAn, also prepared to dispute the supreme power with

the Caliph of Damascus, and invaded Mesopotamia. Yazid

III., in his alarm, offered him the government of this last

province as the price of peace. MerwAn accepted these

conditions, but he would probably not have left his rival

long at rest, had not the latter died after a reign of only

six months.

13. Yazid in. left his brother IbrAhim as his successor. Jbrihii

At the news of Yazfd's death, MerwAn collected a power-

ful army and entered Syria. Having beaten IbrAhlin's

generals one after the other and taken Emesa, he advanced
rapidly towards Damascus. SolaimAn b. HishAm tried to

oppose his march, but he was defeated at 'Ain al-Jarr,

between Baalbec and Damascus, and the Caliph IbrAhim
took flight ; while SolaimAn, the son of HishAm, laid hands
on the public treasure, and then fled in turn. MerwAn
entered Damascus, and caused himself to be proclaimed

Caliph. The reign of IbrAhim had lasted only two months.

IbrAhim himself soon acknowledged the new Caliph, and
submitted to his authority.

14. Jlerwan II. was a man of energy, and might have
revived the strength of his dynasty, if the ferment in the

east of the empire had been less strong. Unfortunately
for him, the 'AbbAsid movement had never ceased to gain

ground in KhorAsAn, and the chief adherent of the family

of 'AbbAs, Abu Moslim, was in no degree inferior to the

Caliph in energy and ability. This Abii Moslim, whose
origin is obscure and disputed, had been distinguished by
the 'AbbAsid Mohammed b. 'AH, the same who alleged that-

he had been appointed heir to the claims of the family of

'All to the supreme power. If we may believe the legeni
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Mohammed had even foretold that the accession of his

family would take place in the year of the ass,^ through

the efforts of Abii Moslim, and that one of his three sons

would ascend the throne. These three sons were : Ibri-

hlm, 'Abdallih, called Abii 'l-'Abbds, and 'Abdall4h, called

Abii Ja'far. Whatever w°. may think of this prediction,

it is certain that under Merwin 11. Abii Mosliin was the

principal emissary of the 'A-bbdsid Ibrdhlm, and had been

able to form a vast conspiracy in Khordsdn, which broke

out in A.H. 128, at the very moment when it had been dis-

covered 'by Nasr b. Sayydr, the Omayyad governor of the

province. Even before this, MerwAn II. had had to repress

disorders which had broken out in Syria, Palestine, and

'IrAlf ; and the Caliph could now rely so little on Syria

that he had thought it*necessary to quit Damascus, and to

fix his abode at Har-4n, in Mesopotamia. On learning

the revolt of Abii Moslim, Merw4n II. wrote to Nasr b.

Sayydr, directing him to act with vigour against the

fomenters of sedition. It was easier to give such an order

than to execute it, for Abii Moslim was at the head of a

numerous army, absolutely devoted to the 'Abbdsids.

MerwAn II. thought it necessary at the same time to

secure tlffe person of the 'AbbAsid pretender Ibrdhlm, who
was stiU Uving at Homaima. Ibrdhim was therefore

arrested, conveyed to Harrin, and thrown into prison.

He found means, how ver, of communicating with his

lieutenant Abii Mq^lim, and the latter, who had received

the most extensive powers from Hs chief, marched direct

upon Merv, the capital of KhordsAn, and drove out ihe

governor Nasr. At the news of this the Caliph, no longer

able to restrain his anger, had his captive IbrAhlm put

to death ; an execution which, at a later period, brought

upon the Omayyads the most terrible reprisals. The
brother of Ibrilhim, Abii 'l-'Abbis, surnamed SafTdh,

"The Sanguinary," on account of his cruelties, having

by Ibrdhim's death become chief of the 'Abbdsids,

impiediately quitted Homaima with all the members of

his family, and took refuge in Khordsdn, that his pre-

sence there might sanction and encourage the insurrection.

Abii Moslim, now master of Khordsdn ' by the capture of

Merv, had meanwhile sent an army against Iriik, under

the orders of Kahtaba b. Shablb, who had beaten the

Omayyad army, commanded by Yazid b. Hobaira,

governor of that province. In A.H. 132 Abii 'l-'Abbds

arrived at Merv. After remaining there some time,

waiting for a favourable moment, he decided on openly

Al-Saffah.assuming the title of Caliph. He installed himself
assumes j^ ^Ijq governor's palace, and thence went in state to

ofCsLUpL*^ nwsque, where he mounted the pulpit, and officiated
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in the capacity ol successor of the Prophet. All those

present took the oath of allegiance to him, and Abii

'l-'Abbds returned to the palace, over which the black

flag was flying, black being the distinctive colour of the

'Abbdsids.^ But he did not remain long at Merv.

Committing the government of that city to his uncle

Ddvnid, he went to review his army, and divided it

into several corps, which he directed against different

points. After this he went to Chaldxa, and there estab-

lished himself in a spot not far from Cufa, to which he

gave the name of Hdshimiya, or the city of Hdshim, the

ancestor of his own family and of that of the Prophet.

Another of his uncles, 'AbdallAh b. 'All, whom he had sent

on an expedition against the city of Shahroziir, took pos-

session of that placo, and leaving Abii "Aun 'Abd al-Melik b.

Yazfd there as governor, rejoined his nephew and sovereign

at Hdshimiya. Meanwhile the Omayyad Caliph had
marched against Shahroziir. Abii 'Aun went out to meet

him, and was joined by a strong reinforcement of cavalry

under 'Abdalldh b. 'All. The "Abbdsids only numberec

forty-five thousand soldiers, liut these were experienceo

and resolute warriors. The Omayyad army, though much
more numerous, was ill commanded and devoid of spirit.

A battle ensued, and fortune •r.voured the rebels. In

vain did Merwdn show himself everywhere ; his soldiers

gave way and repassed the Zdb in disorder, hurrying away

in their flight the imfortunate Merwdn. (Jomddl II. 1 1, A.H. Triimii.*

132, 25th January 750.) This victory cost the Omajyads ?f th^

their empire. Merwdn attempted at first to take refuge ^^
at Mosul ; but the inhabitants of that city having declared

for the enemy, the prince went to his crrpital Harrdn,

whence he was soon driven by the army of 'Abdalldh b.

'AM. From Harrdn Jlerwdn fled successively to Emesa,

to Damascus, to Palestine, and finally to Egypt. He was

pursued without intermission by §dlih, brother of 'Abd-

alldh b. 'All, who at last came up with him at Biisir,

on the frontiers of the Delta. Merwdn took refuge in a

Coptic church , but the 'Abbdsids pursued him into the

building, and slew him at the foot of the altar. His head

was cut off and sent to Cufa, where the new Caliph then

was.

Thus perished in the East the dynasty of the house of

Omayya, which, having been founded by usurpation, had

only maintained itself by shedding torrents of blood, and

was destined to pensh in blood. We now enter upon

the history of the new dynasty, whose origin we have

described, and under which the power and glory of Islam

reached their highest point.

Here we give the

Omayya,
I

C^Abii 'I-'Ia

I

nakam.

4. Mebwan I.

I

v;

Mohammed.

14. IIerwak II.

5. 'Abd al-Melik.
(

I

Abd ai-'Aziz.

8. 'Omab II-

"

Harb.

Abu Sofydn.

1. Md'awfta I

2. Yazid I.

3. Mo'iwrrA XL

ali'd I. SolaiuIk. 9.

I

yazId ir.

11. Wal&II

10. HiSHAM.

12. Tazid IIL is. IbjuChi'm

1 To nnderstand this aUnsion WB mnst know tbat Menrin H. bad

recfiTtd the Dickname of BimAr, " the ass," on acconnt of his temper-

ance and the strength of his constitution.

' Historians are divided as to the date at which black became the

'Abbisid colour. Aeoordinu to some, ta" first "AbhAslda wore a robe

of blact eiJk as early as at the bi.tt'.e called that of the Camfl;

According to others, it was only aftev the murder of Ibrihlm by Mei»

win that the 'Abbisids adopted bla k ss a sign of monming. See

QuatremJre, Mhnoirca hisiorUiuea s- rla dunaslie da khalifcs AUv.s-

sides, Paris. 1827.
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Sect. II.—The 'ABBisros.

I. From the death of McrwAn may be reclfoned the

real accession of the 'AbbAsid dynasty to the Caliphate,

which thus returned to the hand-i of the grand-nephews

of the Prophet. Abii 'l-'Abbds, whose proper name was

'AbdalL^h, and who afterwards received the surname of

Saffah, was, as has been said above, a man of energetic

will, who hesitated at nothing to ensure the triumph of

his dynasty. When he caused himself to be proclaimed

Cahph at Cufa, one of his partisans, Abii Salama, who had

till then believed that Abii l-'Abb'ls was working to restore

the posterity of 'All to the throne, and not to gain posses-

sion of the empire for himself, hesitated to take the oath

of obedience to the new Caliiih. Ab\i 'l-'Abbds immedi-

ately resolved on his destruction, but fearing that Abu
Salama might have a secret understanding with the con-

queror of KhorAsdn, he began by sending his own brother

Abii Ja'far into that province to sound Abii Moslim. The

latter loudly disclaimed any alliance with Abii Salama,

and, that no suspicion might rest upon him, ho sent a

confidential agent to Cufa, and had Abii Salama assas-

sinated. Still further to prove his zeal for the house of

'AbbAs, Abii Moslim also got rid of SolaimAn b. Kathfr,

mother 'AbbAsid emissary, whom he suspected of partiality

towards the family of 'Ali. On bis side, Abii '1-'AbbAs

caused 'AbdallAh b. Mo'Awiya, an adherent of 'All's family,

to be treacherously slain, though he had distinguished

himself in the wars against SlerwAn. As for the Omayyads,

they were systematically followed up and put to death.

The new Caliph desired to exterminate that family, not

only for the sake of revenge, but also that he might deprive

the Syrians of any pretext for fresh insurrections. In

fact, hardly had Abii '1-'AbbAs been proclaimed Caliph at

Cufa, when the Omayyad governor of Kinnesrln, Abii

'l-Ward b. Kauthar, notwithstanding that he had taker.

the oath to the new sovereign, gave the signal for revolt

in the name of the Omayyads. Abii '1-'AbbAs immediately

ordered his uncle 'AbdallAh b. 'Al(, who had been made
governor of Palestine, to act with the utmost rigour

against all members of the Omayyad family on whom he

could lay his hands. That he might let none of them
escape, 'AbdallAh pretended to grant an amnesty to

all Omayyads who should come in and acknowledge the

new Caliph, and even promised them the restitution of

all their property. Ninety members of that unfortunate

family allowed themselves to be entrapped by these

.specious jjroinises, and 'AbdallAh, on pretence of sealing

the reconciliation of the two parties, invited them to

a banquet. But when they were all collected, a body
of executioners rushed into the hall, and slew the

Omayyads with blows from whips and rods. A grandson
of HishAm, 'Abd al-RahmAn b. Mo'Awiya, who had taken
refuge in Africa, alone escaped this massacre. It was he
who, at a later date, founded in Spain the Omayyad
dynasty of Cordova. The cruelty of the 'AbbAsids excited

a feeling of horror in the whole of Syria, and the revolt

soon became general. Abil '1-Ward b. Kauthar found
himself at the head of forty thousand men, and pitdied
his camp at Marj al-Akhram, a plain near Kinncsifn.
The revolt sjiread even to Mesopotamia and 'IrAk. One
of MerwAn's former generals, IsliAk b. Moslim, laid siege
to HarrAn, while Yazld b. Ilobaira, formerly governor of
"IrAk, raised an insurrection at WAsit. In KhorAsAn also,

as many as thirty thousand malcontents took up arms
against Abii Moslim. Notwithstanu-ng this formidable
display of force, the 'AbbAsids remained conquerors. In
Syria, 'AbdallAh b. 'AI( 'leat Abii '1-Ward at Marj al-

.\khram. Abii Ja'far, bro'hcr of the Caliph, compelled
IshAlf b. Moslim and Yazld b. Hobaira in succession to

submit. Lastly, Abii Moslim quieted the rising in

KhorAsAn. Mosul also attempted an insurrection, but

YahyA, a brother of the Caliph, quenched the revolt in

streams of blood. All the provinces being thus reduced

to peace, the new Caliph distributed them among t) )

principal members of his family and his best generals.

To his brother Abii Ja'far he gave a part of Mesopotamia,

AzerbaijAn, and Armenia ; to his uncle 'AbdallAh b. 'All,

Syria ; to his uncle D4^vlid, Arabia, HijAz, YamAma,

and Yemen ; to his cousin 'IsA b. !MiisA, the province of

Cufa. Abil Moslim continued in possession of the govern-

ment of KhorAsAn, Transosiana, and a part of FArsistAn.

Egypt was entrusted to Abil 'Aun. Another uncls ( the

Caliph, SolaimAn b. 'AH, received the government of

Basra, vnlh Bahrain and 'OmAn. Lastly, the province of

ilosul was taken from the cruel Yahya, and granted to

one of the uncles of Abii 'l-'AbbAs, IsniA'fl b "AH, who
received besides the government of AliwAz. In Sind, the

Omayyad governor had succeeded in maintaining himself,

but was defeated by an army sent against him under

MiisA b. Ka'b, and the black standard of the 'AbbAsids

was raised over the city of Mansiira. If we omit Africa

and Spain in describing this division of the provinces of

the empire, it is because the 'AbbAsids never gained any

real footing in Spain, while Africa remained in only

nominal subjection to the new dynasty.

Abii 'l-'AbbAs, after having definitively established his

power, left the town of HAshimlya and fixed his residence

at AnbAr, where he died on the 13th of Bhii 'i-Hijja, a.h.

136 (9th June 754).

2. Abii '1-'AbbAs had designated as his successors, first AbiS .
•

Abil Ja'far, and after him his cousin 'IsA b. MiisA. At 'f^r al

the moment of the death of Abil 'I-'AbbAs, Abil- Ja'far,
'^'^"^

who then assumed the title of AJ-Mansilr, "the Victo-

rious," was not in 'IrAk. He had undertaken the leader-

ship of the pilgrims who had started on the journey to

Mecca, and among whom figured the celebrated Abii

Moslim. 'AbdallAh b. 'Alf, uncle of Abil '1-'AbbAs, dis-

satisfied at having been excluded from the succession,

took advantage of this absence to revolt. Having raised

an army and proclaimed himself Caliph, he marched
against HarrAn and laid siege to it. On receiving this

news, Abil Ja'far hastened to return to AnbAr in company
with Abil Moslim, whom he placed at the head of his

troops, and sent against the rebel. At the approach

of Abil Moslim, 'AbdallAh, who had among his troops a
body of seventeen thousand men of KhorAsAn, fearing

that they might declare for Abil Moslim, had them all

slaughtered, as the historians assert, by his SjrianB, 1-4

then hastened to meet his enemy. The two armiflS aet
at Nisibis, and, after a number of skirmishes, ;« decidivo

ei'gagement took place on the 7th of JomAdl II., a.h. -137

(28th November 754). 'AbdallAh was defeated and com-
pelled to submit to Al-Mansilr, who spared his life. The
new and brilliant service thus rendered by Abii Moslim to

his sovereign ought to have placed him even higher in tlo

favour of Mansilr than he already stood. On the contrary,

it was the cause of his ruin. The Caliph wished to com-
mit the task of maintaining order in Syria to Abii Moslim;
but the latter refused to give up his government of

KhorAsAn, where he enjoyed an extraordinary reputation,,

and possessed numerous adherents, and, instead of obeying
the order of the Caliph, directed his march towards the
East. Thenceforth Mansilr looked on him only as a
dangerous rebel, and sought for means of getting rid of

him. On pretence of conferring with him on business of
state, he induced him to come to iAfadAin (the ancient
Ctcsiphon), caused him to be put to death by his guards,
ard ordered his body to be thrown into the Tigris. Thus
miserably perished the real founder of the 'Abbilsul
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dynasty, after having accomplished his work, which, as
the historians assert, cost the lives of more than 600,000
men. Notwithstanding the defeat of 'Abdallih b. 'AH
and tl>° murder of Ab\l Moslim, the spirit of rebellion was
not yet broKen, Risings took place in Mesopotamia and
to a still greater extent in Khordsdn ; and the Cahph's
troops were repeatedly beaten by the rebels ; but order

was at last re-established by Mansiir's generals, by KbATim

b. Khozaima in Mesopotamia, and by Mohammed b. al-

Ash'ath in Khordsdn.

About the same time Africa and Spain escaped from
the dominion of the Eastern Caliphate ; the former for a
season, the latter permanently. The cause of the revolt

of Africa was as follows : As soon as Mansiir ascended the

throne, he wrote to 'Abd al-Rahmdn, announcing the

death of Abii 'l-'Abbds, and requiring him to take the

oath of allegiance. 'Abd al-Rahmdn sent in his adhesion

to the new Caliph, and added a few presents of little value.

The Caliph was so much dissatisfied that he replied by a
threatening letter which excited the anger of 'Abd al

Bahmdn. He called the people together at the hour of

prayer, mounted the pulpit, publicly cursed Mansiir, and
then declared his deposition from the Cahphate. He nest

caused a circular letter to be written, commanding all

Maghrebins to refuse obedience to the Caliph , and this

letter was circulated and read from the pulpit throughout

the whole extent of the Maghrib (the West). A brother of

'Abd al-Rahmdn, Hyds, saw in this revolt an opportunity of

obtaining the government of Africa for himself. Seconded
by many of the inhabitants of Kairawdn, who had
remained faithful to the cause of the 'Abbdsids, he attacked

his brother, slew him, and proclaimed himself governor in

his stead. This revolution in favour of the 'Abbdsids was,

however, of no long duration. Habfb, the eldest son of

'Abd al-Rahmdn, had fled on the night of his father's

murder, and Eyds caused him to be pursued, with the

object of transporting him to Andalusia. Habib was
captured, but the vessel which was to convey him to Spain

having been detained in port by stress of weather, the

partisans of independence- took arms, rescued Hablb, and

prepared to resist Ilyds, who was marching against them
at the head of an army. Under these circumstances a

fortunate idea occurred to Habfb. He challenged his

imcle Hyds to single combat. Hyds hesitated, but his

own soldiers compelled him to accept the challenge. He
measured arms with Habib, and was laid prostrate by

him with a thrust of his lance. The party of independ-

ence thus triumphed, and several years elapsed before the

be Agh- 'Abbdsid general, Al-Aghlab, was able to enter Kairawdn,

bite3 in and regain possession of Africa in the name of the Eastern
^<^' Caliph. From this time forward, it must be added, Africa

only nominally belonged to the 'Abbdsids ; for, under the

Caliphate of Hdnin al-Rashid, Ibrdhlm, the son of Al-

Aghlab, who was invested with the government of Africa,

founded in that province a distinct dynasty, that of the

Aghlabites.

Coincidently with the revolt in Africa, the independent

Caliphate of the Western Omayyads was founded in Spain.

The long dissensions which had preceded the fall of that

dynasty in the East, had already prepared the way for the

independence of a province so distant from the centre

of the empire. Every petty emir there tried to seize

sovereign power for himself, and the people groaned under

the consequent anarchy. Weary of these commotions, the

Arabs of Spain at last came to an understanding among

themselves for the election of a Caliph, and their choice fell

upon the last survivor of the Omayyads, 'Abd al-Raimdn

b. Mo'dwiya, grandson of the Caliph Hishdm. TTiis

prince was wandering in the deserts of Africa, purcued

by his implacable enemies, but everywhere protected and

concealed by the desert tribes, who pitied tnz. misfortunes
and respected his illustnous origin. A deputation from
Andalusia sought him out in Africa, and offered him the
Caliphate of Spain, which he accepted with joy. On 25tb
September, a.d. 755, 'Abd al-Rahmdn landed in the Iberiar*.

Peninsula, where he was universally welcomed, and
speedily founded at Cordova the Western Omayyad Caliph-
ate, with which this history has no further concern

While Mansiir was thus losing Africa and Spain, he was
trying to take from the Greeks the city of Malatiya,
which, from the impoilance of its situation, was looked
on as the koy of Asia Minor. In A.H. 139-140 (a.d. 756-

757), a Moslem army of 70,000 men invested the place,

and, after a vigofous siege, Malatiya was taken by
assault After this success the Moslems marched througL
Cilicia, entered Pamphylia, and cut to pieces a Greek
army on the banks of the Melas. The Greeks asked and
obtained a seven years' truce, which Mansiir was the more
disposed to grant because new and very serious troubles
had been stirred up in his empire by certain sectaries

of Khordsdn, called Rdwandls. These Bdwandfs. like

many other Persian sectaries, admitted a number of

dogmas completely foreign to Islam, such as the trans-

migration of souls and the incarnation of the Deity as a
man. They believed, for instance, as historians assure

us, that divine honours ought to be paid to the Caliph
Mansur. They had their name from Rdwand, a city

near Isfahdn, where the sect originated.- A great number
of these sectaries had repaired to Hdshimlya, the residence

of the Caliph, and there persisted in maiching in pro-

cession round his palace, as if it had been the Ka'ba.

Mansiir, refusing to receive this impious homage, caused

tho principal chiefs of the sect to be seized and thrown

into prison. The Rdwandls immediately rose in revolt,

broke open the prison doors, rescued their chiefs, and

pushed their audacity so far as to besiege the Caliph

in his own palace. Very fortunately for Mansiir, the

populace declared against the Rdwandls and massacred

them ; but from that time forward he took a dislike to

the city of Hdshimlya, and resolved to choose another

residence. He had at first thought of fixing his place of

abode at Cufa ; but he remembered the fickle character of

the inhabitants, and decided on founding an entirely new
city on the banks of the Tigris. His choice fell upon

a spot near the ancient Ctesiphon, the capital of the Found*

Sassanids, called Baghddd. There he himself laid tte''o''o'

first stone of the city which was to be the centre of -the °*

civilised world as long as the Caliphate lasted. A revolt,

however, of some importance soon called Mansiir's atten

tion froin the building of Baghddd. The descendants of

'A If, who had had reason to think that the 'Abbdsids

were labouring for their advancement, were now cruelly un-

deceived. In°A.H. 145 (a-D. 762-763), Mohammed Mahdl,

great-grandson of Hosain, and sumamed Al-Nafs al-Zakfya

(" the pure soul "), collected a large number of adherents

at Medina, and had himself proclaimed Cabph. The

governor of Cufa, 'tsa b Miisd, received orders to march

against him, and entered Arabia. The partisans of 'All

were defeated, and Mohammed Mahdi fell in battle. But

meanwhile his brother Ibrdhlm had gone to Basra, and

had there succeeded in exciting a revolt, in presence of

which the 'Abbdsid governor had been obliged to capitu-

lata The adherents of 'All, emboldened by this success,

spread themselves over 'L-dk, and obtained possession of

several places, among which was the city of Wdsit

Ibrdhlm was already advancing towards Cufa, at the

head of a strong army, when 'Isd b. Miisd, who had been

hastily recalled from Arabia, threw himself in his way.

A terrib.e conflict took place. At last Ibrdhlm fell,

pierced oy an arrow, and, in spite of the desperate efforts
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of his followers, hts body remained in the hands of the

enemy. The partisans of 'All then dispersed, 8;id never

again ventured to have recourse to arms.

The Caliph was highly delighted when he heard of the

decisive victory gained by 'IsA, but, far from rewarding

his valiant cousin, he tried to compel him to renounce his

right of succession to the Caliphate, with the view of

substituting as hcir-presumptivo his own son Mohammed.
'Is4 at first energetically refused to abandon his rights

;

but Mansilr did not hesitate at a shameless deception, and

produced false witnesses, who swore that 'Isi had waived

his claim in favour of Mohammed b. Mansilr. However
unwillingly, 'tsi, was obliged to yield his priority to

Mohammed, but it was understood that, in case of the

death of the latter, the succession should return to 'Isd.

One of the false witnesses was, it is asserted, Kh.'llid b.

Barmak, the head of that celebrated Persian family tiie

Barmecides, which played so important a part in the reign

of Iririin al-Rashid. To this Ivhdlid, Mansiir had

entrusted the elevated post of minister of finance.

In A.H. 158 (a.d. 774:-775), Mansilr, feeling the decline

of his powers, resolved to undertake for the last time the

pilgrimage to Mecca. At the last station on the route he

had a fall from his horse, and died a"ii the gate of the Holy
City. He was nearly seventy years of age, and had

reigned for twenty-two years. He jvas buried at Mecca.

3. Mohammed b. Mansilr was at. Baghddd when he

received the news of his father's death, and hastened to

have himself proclaimed Caliph. He then took the title

of Mahdi (" the well-directed "). To make his accession

welcome to his subjects, he began by..granting an amnesty

to a great number of persons who had incurred the anger

of Mansilr, and had been thrown into prison. Among
th^se was a certain Ddwild b. Ya'kilb, whom JIahdl after-

wards made his prime minister. But, on the other hand,

Mahdl did not choose to confirm in their posts the pio-

Tincial governors in whom his father had placed confidence

;

he supplied their places by creatures of his own. These

changes displeased the people of Khordsdn, who revolted

under tha leadership of a certain Yiisuf b. Ibrdhim, sur-

uamed Al-Barm. Mahdl sent against him his general

Yazld b. JTazyad, who, after a desperate struggle, defeated

Yiisuf, took him prisoner, and brought him in triumph to

Baghdad, where he was put to the torture and crucified.

Mahdi had been scarcely a year on the throne, when he
resolved to accomphsi the piJgnmage to Mecca, and at the

same time to visit the tomb of his father Leaving his

eldest son Milsii as governor of Baghdad, he set off,

accompanied by his second son HAr6n and a numerous
suite. The chroniclers relate that the Caliph had ordered

a great number of camels to be laden with snow, and that

he reached Mecca \>-thout having exhausted this store.

[mmediately on his arrival in the Holy City, he applied

himself, at the request of the inhabitants, to the renewal

of the veils which covered the exterior walls of the Ka'ba.

For a very long time these veils had been placed one over

another, no care having Vien taken to remove the old

covering when a new c^io was put on ; so that the accumu-
lated weight caused uneasines* respecting the stability of

the walls. Mahdl caused the temple to be entirely stripped,

and covered the walls again with a single veil of great

richness. On this occasion he distributed considerable

largesses among the Meccans. From Mecca, Mahdl went
to Medina, where he caused the mosque to bo enlarged.

During his stay in that city he formed himself a guard
of honour, composed of five hundred descendants of the

Ansdr,* to whom he assigned lands in 'IrAk to bo held in

' Tho trst citizens of Medina who embraced Islam were called Ans&r

;

Gee above, p. 654.

fief. Struck by the difficulties of every kind which had

to be encountered by poor pilgrims who desired to repair

to Mecca from Baghdad and its neighbourhood, h<3 resolved

to come to their help. His first care was to have the road

from Baghdiid to Mecca laid out, and its divisions marked

by milestones. He c.-at ordered the construction at every

sta"e of a kind of vnn, where the poorer travellers might

finl shelter and food. He also saw to having new wells

dug and cisterns built along the whole rOute.

ANTiilst he was devoting himself to these pious labours,

he was menaced by a dangerous revolt in KhordsAn. Its

leader was a sectary called Hakim, surnamed Al-Molfanna'

or the Veiled One, because he never appeared in public

without having his face covered with a mask. Al-

Jloljanna' hoped to gather a great number of adherents

around him, and to govern the province as absolutely as

Abil Moslim had formerly done. His religious teaching

consisted in the assertion that God had several times

become incarnate among men, and that his last incarna-

tion was Mokanna' himself. Many Persians were seduced

by his words, and still more by - the hope of plundering

the firoperty of the Moslems, which Mokanna' promised

to give up to them. The governor of Khordsdn and
several other generals who marched against these sectaries

were defeated ; but at last the Caliph charged a skilful

cr.ptain, Sa'id al-Harashl, with the direction of operations,

and Sa'id, having compelled the impostor to throw him-

self into tho citj' of Kash, soon redutjed him to a choice

between surrender and death. Mokanna' preferred the

latter alternative, and took poison..

These disturbances did not suffice to turn Mahdi's
thoughts from the hereditary enemy of the Caliphate.

Every summer he sent expeditions into Asia Minor
against thb Greeks ; but these were not successful, and
the Caliph decided on leading his army in person. Having
levied in KhordsAn a large number of those mountaineers

who had always distinguished themselves by their valour,

he assembled his army in the plains of Baraddn, on the

banks of the Tigris, and commenced his march a.h. 163,

taking with him his second son Hdriin, and leaving his

eldest son Milsd as governor of Baghddd. The latter was
also designated as his successor in the Caliphate, 'Isd b.

Miisd having definitively renounced the throne. Mahdl
traversed Mesopotamia and Syria, entered Cilicia, and
established himself on the banks of the Jaihdn (Pyramus).

Tl:;nce he despatched an expeditionary force, at the head
of which his son Hdriln was nominally placed. In reality,

that prince being too young to direct military operations,

the chief command was exercised by his tutor, the

Barmecide Yahyd b. Khdlid. Hdrun took the fortress of

Samdlii after a siege of thirty-eight days. In consequence

of this feat of arms, Mahdi made Hdriln governor of

Azerbaijdn and Armenia. Two years later ' war broke

out afresh between the Moslems and the Grees. Leo
IV., Emperor of Constantinople, had recently died leaving

the crown to Constantino Porpliyrogenitus. This prince

was then only ten years old, and would have been incap-

able of governing. His mother Irene took the regency on

herself. By her orders an army of 90,000 men, under
tho command of ISIichael Lachonodracon, entered Asia

Minor. The Moslems, on their side, invaded Cilicia

under the orders of 'Abd al-Kabir, but were defeated by
the Greeks. Mahdi then recalled his son Hdri'in, and

enjoined on him to avenge the failure of the arms of

Islam. Hdriin assembled an army of aearly 100,000
men, and conceived the project of carrying the war to the

very gates of Constantinople. The patrician Nicetas,

who sought .to pppose his march, was defeated by Hdriin's

general, Yazid b. Mazyad, and forced to take refuge at

Nicomedia. Hdriin marched through Asia Minor, and
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pitched his camp on the shores of the Bosphonis. Irene
took alarm, sued for peace, and obtained it, but on
humiliating conditions. This brilliant success increased

Mahdl's affection for H4run to such an extent that he
resolved, a few years later, to declare him his successor

instead of MiisA. It was necessary first to obtain from
!M\lsA a renunciation of his rights ; and for this purpose
his father recalled him from JorjAn, where he was then
engaged on an expedition against the rebels of TabaristAn.

JI<is4, who had had information of his father's intentions,

refused to obey this order. Mahdl determined to march
in person against his rebellious son (a.h. 169), and set

out, accompanied by HAriin. But, after his arrival at

MAsabadhin, a place in Persian "IrAfe: or Jabal, the Caliph

died suddenly, at the age of only forty-three. There are two
versions of the cause of his death : some attribute it to

an accident met with in hunting ; others believe him to

have been poisoned. If this was really the case, although
we have no proofs against Miiscl, we may reasonably sus^

pect him of having been privy to the sudden death of his

father.

4. Mahdl having died before he could carry out his

plan for assuring the throne to Helrdn, the succession natur-

ally fell to Miisi, and he was proclaimed Caliph at Baghdad
in the year of his father's death. He took the title of

HAdl (He who directs). H4nin made no opposition to the

accession of his brother, and the army wliich had accom-
panied Mahdl returned peacefully from Jabal to Baghdad.
The accession of a new Caliph doubtless appeared to the

partisans of the house of 'All a favourable opportunity for

a rising. Hosain b. 'All, a descendant of that Hasan who
had formerly renounced his pretensions to the Caliphate

through fear of Mo'dwiya I., raised an insurrection at

Medina with the support of numerous adherents, and had
himself proclaimed Caliph. But having unfortunately

conceived the idea of going on pilgrimage to Mecca, he
was attacked at Fakh by a party of 'Abbdsids, and
perished in the combat. His cousin Idrls b. 'AbdallAh

succeeded in escaping and fled to Egypt, whence he passed

into Morocco ; and there, at a later period, his son

founded the Idrlsite dynasty.

HAdl, as may be supposed, had never been able to forget

that he had narrowly escaped being supplanted by his

brother. He formed a plan for excluding Han'in from the

Caliphate, and transmitting the succession to his own son

Ja'far. He neglected no possible means of attaining this

object, and obtained the assent of his ministers, and of the

principal chiefs of his army, who took the oath of allegiance

to Ja'far. Only YahyA b. KhAlid the Barmecide, HAriin's

former tutor, absolutely refused to betray the interests of

his pupil. In a discussion which took place between him
and the Caliph on this subject, Yahyi showed such firm-

ness and boldness that HAdi resolved on his death, and
Harthama b. A'yan, one of the bravest generals of the

empire, had already received the order to go and take his

head, when the Caliph died suddenly. One of those

terrible domestic dramas had been acted of which so many
vere afterwards seen in the palace of the Caliphs. The

mother of HAdl and HArun was KhaizorAn, a haughty and

intriguing woman, whose aim it was to get the direction

of affairs into her own hands, leaving HAdl only the shadow

of power. Her influence over all matters of government

n-as so well understood that her door was beset all day

by a crowd of petitioners, who neglected the Caliph and

preferred to address their requests to her. HAdl soon

became indignant at the subordinate part -which his

mother wished him to play, and after a dispute on the

matter, he attempted to poison her. KhaizorAn, hoping

to find a more submissive instrument of her will in her

second son. and wishing to protect herself against fresh

581
attempts at murder, caused HAdl to be taken -inawarea
and smothered wth cushions by two young slaves whom
she had presented to him. (Habl" I., a.h. 15 0. Sent
A.D. 786.)

5. We have now reached the mosi; celebrated name
among the Arabian Caliphs, celebrated not only in the
East, but in the West as well, where the stories oi the
Thousand and One Kightg have made us familiar with
that world which the narrators have been pleased to
represent to us in such brilliant colours.
On the unexpected death of HAdl, the generals and

miiiisters who had declared against HAriin, perceiving that
popular favour did not incline to the son of the late
Caliph, hastened to rally round the son of KhaizorAn
and HAriin, surnamed Al-Eashld (The Upright), ascendet
the throne without opposition. His first act was to choost
as prime minister his former tutor, the faithful YahyA b
KhAlid, and to confide important posts to the two sons o
YahyA, Fadl and Ja'far^ the former of whom was also hit
own foster-brother. The Barmecide family were endued
in the highest degree with those qualities of generosity
and liberality which the Arabs prized so highly. Thus
the chroniclers are never wearied in their praises of the
Barmecides. Loaded with all the burdens of government,
YahyA brought the most distinguished abilities to the
exercise of his office.

,
He put the frontiers in a state of

defence, and supplied all that was wanting for theii
security. He filled the public treasury, and carried the
splendour of the throne to the highest point. The
following anecdote will show what an amount of earnest
affection the Barmecide family succeeded in winning :

—

After Han'm, as we shall relate farther on, had ruined the
Barmecides of whose influence he was jealous, lie forbade the poets
to compose elegies on the disgrace of the family, and commanded
that all who disobeyed this order should be punished. One day,
as one of the soldiers of the Caliph's guard was passing near a
ruined building, he perceived a man holding a paper in his hand,
and reciting aloud, and with many tears, a lameut over the ruin of
the palace of the Barmecides. The soldier arrested the man and
led him to the palace of the Caliph, who ordered the culprit to be
brought before him, and asked him why he had infringed his
orders. "Prince," replied the man, "let me relate my history to
;hee ; when thou hast heard it, do with me as thou wilt. I was an
inferior clerk uuder Yahya b. Khalid. He said to me one day

:

' Thou must invite me to thy house.' ' My lord,' I replied, ' I am
quite unworthy of such an honour, and my house is not fit to
receive thee.' ' No, ' said Yahya, 'thou must absolutely do what I

require of thee.' ' In that case,' answered I, 'grant me some little

delay that I may make suitable arrangements.' Yaliyd granted me
some months. As soon aa I informed him that 1 was ready, he
repaired to my abode, accompanied by his two sons, Fadl and
Ja'far, and by some of his most intimate friends. Scarcely had he
dismounted from his horse when he beegcd me to give him some-
thing to cat. I offered him some roastedchickens. When he had
eaten his fill, he went over the whole of my house, and having seen

it all, he asked me to show him the buildings attached to it. ' My
lord,' said I, 'thou hast seen everything.' 'No,' said he, 'thou
bast another house.' In vain I assured him that I had but one ;

he persisted in his assertion, and, sending for a mason, ordered
him to make an opening in the wall. 'My lord,' said !, 'may I

venture thus to make my way into my neighbour's house ?
' 'It

matters not,' replied he. Vhcn a doorway had been opened, he
passed through it, followed by his two sons, and I went after him.
AVe entered a delightful pardcn, well planted and watered by
fountains. In this garden stood a beautiful house with 'pavilions

adorned with furniture and carpets, and filled with slaves of both
sexes, all of perfect beauty. ' All this is thine,' said Yahya to me.
I kissed his hands and poured out my thanks to him ; and then I

learned that on the very day when he had spoken to me of inviting

him he had bought the land adjoining to my house, and had had
it laid out for me without my ever suspecting it. I had certainly

noticed that building was going on, but 1 was far from iipaginini;

that all this was intended for me. Yahya next addressed himself

to Ja'far and said :
' Here are certainly a house and servants, but

who will provide for their support?' 'I,' replied J.a'far, 'will

give him a farm and its dependencies, and will send him the deed

,

of gift.' 'Very well,' continued Yaliyi ; 'but how is he to live

until he shall receive the revenue of his property ?
' 'I owe him a

thousand pieces of gold,' said Fadl, ' and I will send Uiem to lis
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house.' Thinks to those magnificent gifts, 1 afterwards pained,

great wealth,—wealth which 1 still enjoy. Since tliat day, 1 have

never lost any opportunity of singin<; the praises of that noblo

faaiily. And now, Piince, sljy mo if lliou wilt; I am ready to

die." Hirun, affected by this tale, let the m.in depart, and in

future forbade bj man to weep foe the tragical end of the sons of

Barmak. (El-Fachri, cd. Ahhvardt, p. 237.)

Although tho administration of Hiriin's states was com-

mitted to skiUJ hands, yet the first years ,of his long

reign were r.ot free from troubles. Towards tho year 176

(a.d. 792-793), a member of the house of 'Ali, named

'Yahyi b. "Abdallih, who had taken refuge at Daiiam on

the shores of the Caspian Sea, succeeded in forming a

powerful party, and publicly announced his pretensions

to the Caliphate. HArun immediately sent an army

of 50,000 men against tho rebel, under the command of

Fadl. Reluctant, however, to fight against a descendant

of the Prophet, Fadl first attempted to induce him to sub-

mit, by promising him safety for his life and a brilliant

position at the court of Baghd.id. Yahyd accepted these

conditions, but he required that the Caliph should send

him letters of pardon countersigned by the highest legal

authorities and the principal personages of the empire.

H4nin consented to do so, and YahyA, furnished with the

Caliph's safe-conduct, repaired to BaghdAd, where ho met

with a splendid reception. At^the end of some months,

however, he was calumniously accused of conspiracy, and

'he Caliph, seizing this opportiinity of ridding himself of

a rival who might prove dangerous, threw him into prison,

where he was soon after put to death. Dreading fresh

insurrections, HAriin thought it well to secure the person

of another descendant of 'All, Milsd b. Ja'far, who was

resident at Medina, where he enjoyed the highest consider-

ation. The unfortunate man was sent to BaghdAd, and
there died by poison.

Meanwhile HAriin did not forget the hereditary enemy
against whom he had already fought'. Under his reign

all the strong places of Syria were formed into a special

province, which received' the name of 'AwAsim. The
charge of fortifying the city of Tarsus was committed to

Faraj, the chief of the Turkish soldiers, whom the Caliphs

were beginning to employ, and who were at a later period

ta become their masters. The ancient Anazarbus was
rebuilt, and garrisoned with a military colony from
KhorAsAn. Thanks to these measures, the Moslem armies
were able to advance boklly into Asia Minor. IshAIj b.

SolaimAn entered Phrygia and defeated the Greek gover-

nor of that province. A Moslem fleet destroyeu xnat of

the Greeks in tho Gulf of Satalia. HAriln ir ~'"-^z-

invaded Asia ilinor in the year 181 (a.d. 797-798), and
during the following years hia generals gained continual

victories over the Byzantines, so that Irene was compelled
to sue for peace. An attack by tho Khazars called the

Caliph's attention from his successes in Asia Minor. That
people had made an irruption into Armenia, and their

attack had been so sudden that the Moslems were unable
to defend themselves, and a hvmdred thousand of them
had been reduced to captivity. Two valiant generals,

Khozaima b. KhAzim and Yazid b. Mazyad, marched
against the Khazars and drove them out of Armenia.

In the midst of the cares of war, Hiriin did not forget

his religious duties, and few years passed without his

making the pilgriafig<». In one of these pilgrimages, a.h.

186 (a.d. 802), he was •accompanied by his two eldest

sons, Mohammed and 'AbdallAh, and having determined

to fix tb« Older oi succession in so formal a manner as to

take away all pretext for future contentions, he executed
• a deed by which he appointed Mohammed his immediate

heir ; after him 'AbdallAh, and after 'AbdallAh a third of

his sons, named Rasim. Mohammed received the surname

'of Al-Ai»iln (The'Sure'i, 'AbdallAh that of Al-Ma'miin (He

in whom men trust), and KAsim that of Mo'tarain billAh

(He who trusts in God). IlAriin further stipulated that

Ma'mun should have as his share, during tho lifetime of

his brother, tho government of the eastern part of the

cmiiii-e F-ath of tbo parties concerned sv.oie to observe

faithfully every part of this deed, which the Caliph caused

to be hung up in tho Ka'ba, imagining that it would be

thus guaranteed against all violation on the part of men.

These precautions were to bo rendered vain by the perfidy

of Amln. Wo shall sea hereafter how he kept his oath,

and how he expiated his treachery by death.

It was in the following year, at the very moment when

the Barmecides thought their position most secure, that

IIArun brought sudden ruin upon them. The causes of

their disgrace have been differently stated by the annalists.

Some relate that the Caliph, preferring to all other society

that of his sister 'AbbAsa and of Ja'far b. YahyA, resolved

to unite them in marriage, in order to be able to bring

them together in his presence without a breach of etiquette

He meant, however, that Ja'far should continue to be

only the nominal hasband of his sister. Ja'far accepted

this condition, but it was not long before he forgot it,

and the Caliph learned that his sister had given birth to a

son. This, it is said, was the cause of Ja'far's disgrace,

which involved his father and his brother. This story

may be true; but the principal cause of tlie fall of the

Barmecides appears to have consisted in the abuses of

power of which they had been guilty, and in the sovereign

influence which they exercised on those around them.

The Barmecides lived in a magnificent palace opposite to

that of the Caliph. Seeing one day an extraordinary crowd

around the dwelling of his first minister, HArila was moved
to say :

" Verily YahyA has taken all business into his

own hands ; he it is who really exercises supreme power
;

as for me, I am Caliph only in name." This secret dis-

satisfaction was increased by a new act of disobedience

on the part of Ja'far. HArun had ordered him to put to

death secretly a member of the house of 'All, whose
intrigues he dreaded. Ja'far allowed the victim to escape,

aiid afterwards swore to the Caliph that his orders had
been executed. Soon after, however, information against

him was given to HAnin, who, after compelling Ja'far to

acknowledge the truth, had his head struck off and brought

to him by Masrdr, the chief of his eunuchs. On the very

next day YahyA, his son Fadl, and all the other Barme-
cii'os, were arrested and imprisoned; all their property

was confiscated ; and HAnin chose as his prime minister

Fadl b. Rabf, who had been his chamberlain.

In the same year, a revolution broke out at Constan-

tinople, which overthrew the Empress Irene, ^nd raised

Nicephorus to power. The new emperor had scarcely

ascended the throne, when he thought himself strong

enough to refuse the payment of tribute, and wrote an
insulting letter to HArtin, who contented himself with
replying :

" Thou shalt not hear,' but see, my answer."

He then assembled an army, entered Asia Minor, and
took Heraclea, plundering and burning along his whole
line of march, till Nicephorus, in his alarm, sued for

peace. Scarcely had the Caliph returned into winter
quarters, when Nicephorus broke the treaty. Notwith-
standing the rigour of the season, HAriin retraced hia

steps, and this time Nicephorus was compelled to observe
his engagements. The year after, a.h. 189 (a.d. 804-

805), disturbances arose in KhorAsAn, They were caused
by tho malversations of thtf governor of that province,
'All b. 'IsA, and the Caliph vent in person to Merv to

judge of the reality of the compioints which had reached
him. 'All b. 'IsA hastened to meet tho Caliph on his

arrival p t l^y. He brought with hii.-a a great quantity
of presents, which he distributed witb such profusion
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among the courtiers that every one found a thousand
reasons for excusing his conduct. HAriin confirmed him
ia his pdst and returned to Bnghddd, through which, how-
ever, he only passed, and went on to Raklja on the

Euphrates, a city which became his habitual residence.

He did not long enjoy the repose which he went there to

seek, for Nicephorus again broke the treaty of peace, and
the Caliph was obliged to take the field anew. Once
more Nicephorus was beaten, and so completely that he

was obliged to submit to the very harsh conditions which

the victor imposed on him.

Two years later, new disturbances broke out in KhorA-

sAn, where a certain RA.&' b. Laith had revolted. HAriin

set out again for that province, accompanied by his son

Ma'miin. It was to be his last journey. He was attacked

by a tumour in the abdomen, and struggled in vain against

this malady, which carried him off a year after his depart-

ure, A.H. 193 (a.d. 808-809), just on his arrival at the city

of lUs, the birthplace of the great epic poet of Persia,

Firdausf. H^riin was only forty-seven years of age.

6. On the death of . Hdriin, his minister Fadl b. Rabl'

hastened to call together all the troops of the late Caliph,

and to lead them back to Baghdiid, in order to place them
in the hands of the new sovereign, Amin. He even led

back the corps which was intended to occupy KhorAsdn,

and which ought to have fallen to the share of Ma'mun,
according to the testament of HAriin. Fadl v,. Eabi' thus

committed a serious violation of the rights of Ma'miin ; but

he cared little for this, being chiefly desirous of vidnning

the confidence of the new Caliph. He was quite aware,

however, that in thus acting he was making Ma'miin his

irreconcilable enemy; and he therefore purposed to use

every endeavour to arouse against him the enmity of his

brother Amin. He advised him to exclude Ma'mun from

the succession, and the Caliph was weak enough to listen

to him. Receiving the order to resign his government of

KhorAsiln and to repair to Baghdad, Ma'miin was greatly

perplexed ; but his tutor and vizier, Fadl b. Sahl, reani-

mated his courage, and pointed out to him that, if he

obeyed the orders of the Caliph, certain death awaited him
at Baghdild. Ma'miin resolved to hold out against Amin,

and found pretexts for eluding the orders of his brother

and remaining in KhorAsdn. Amin, in his anger, caused

the testament of his father, which, as we have seen, was

preserved in the Ka'ba, to be destroyed, declared, on his

own authority, the rights of Ma'mi'in to the Caliphate to

be forfeited, and caused the army to swear allegiance to

his own son MiisA, a child five years of age, on whom he

bestowed the title of NAtilj bil-Hakk, " He who speaks

according to truth " (a.h. 194, a.d. 809-810). On hearing

the news, Ma'mun, strong in the rightfulness of his claim,

retaliated by suppressing the Caliph's name in all public

acts. Amfn immediately despatched to Khor4s4n an army
of fifty thousand men, under the command of 'All b. 'Isi.

Ma'mun, on his side, raised troops among his faithful

people of Khordsdn, and entrusted their command to Tdhir

b. Hosain, who displayed remarkable abilities in the war

that ensued. In the following year, the two armies met

under the walls of Ray, and victory declared for Tdhir.

Ma'miin now no longer hesitated to take the title of Caliph.

The year after, Amin placed in the field two new armies,

commanded respectively by Al.imed b. Mazyad and 'Abd-

alUh b. Homaid b. Kahtaba. The skilful TAhir b. Hosain

succeeded in creating divisions among the. troops of his

adversaries, and obtained possession, without striking a

blow, of the city of HolwAn, an advantage which placed

him at the very gates of Baghdad. Ma'miin immediately

sent Tahir reinforcements under the orders of Hartbama

b. A'yan, which enabled him to maintain a firm hold on

all the conquered territory, and to continue his victorious

march to the capital. Reverses naturally lead to fresh

reverses. One after the other the provinces fell away
from Amin, and he soon found himself in possession of

BaghdAd alone, which was speedily invested by the troops
of Tdhir and Harthama. That unfortunate capital, though
blockaded on every side, made a desperate defence for two
years. Ultimately the eastern part of the city fell into
the hands of Tdhir, and Amin, deserted by his followers,
was compelled to surrender. He resolved to treOjt with
Harthama, as he hated Tiihir; but this step caused his
ruin. Tdhir learned by his spies that Harthama was to

receive the Caliph in person, and gave onJ-rs to a body of

horsemen to arrest Amin as he issued from Baghddd under
cover of the night. On the banks of the Tigris, Harthama
awaited Amin with a boat, but scarcely had the Caliph set

foot in it, when the agerits of Tdhir poured on it a storm
of arrows and stones. The boat sank, and the Caliph had
to make his escape by swimming. But he was closely

followed up, and had scarcely left the river when he fell

into the hands of his enemies, who shut him up in a hut
and went to inform fdhir of the capture. The victorious

general immediately ordered him to be put to death, and
the order was carried out. The head of the unfortunate
Amin was cut off and sent to Ma'miin, A.H. 198. It was
presented to him by his vizier, Fadl b. Sahl, surnamed
Dhii '1-Riydsatain, or " the man with two governments,"
because his master had committed to him both the ministry

of war and the general administration. Ma'miin, on see-

ing the head, hid his joy beneath a feigned display of

sorrow.

7. On the day following that on whicli Amin had Ma'min.

perished so miserably, Tdhir caused Ma'miin to be pro-

claimed at Baghddd. The accession of this prince appeared
likely to put an end to the evils of civil war, and to

restore to the empire the order necessary for its prosperity.

It was not so, however. The reign of Ma'miin—that

reign on which art, science, and letters, under the patron-

age of the Caliph, threw so brilliant a lustre—had a very

stormy beginning. Ma'miin was in no haste to remove
to Baghddd, but continued to make Merv his temporary
residence. In his gratitude to the two men to whom he
owed his throrie, he conferred on Tdhir the government
of Mesopotamia and Syria, and chose as prime minister of

the empire Fadl b. Sahl, who had been already his vizier

in the government of Khordsdn. The adherents of 'All

seized on the elevation of Ma'miin to power as a pretext

for fresh revolts at ilecca, at Medina, and in 'Irdk. At
Cufa a certain Ibn Tabdtabd also broke out into open

rebellion, and placed an army in the field under one of

his partisans, Abii '1-Sardyd. Hasan b. Sahl, brother Oi

Ma'miin's prime minister, who had been made governor

of all the provinces conquered by Tdhir, immediately se;.i

troops against Cufa. They were defeated, and Abii '1-

Sardyd, encouraged by this first success, and no longer

finding a secondary part sufficient for his ambition,

poisoned his chief Ibn Tabdtabd, and put in his place

another of the family of 'All, Mohammed b. Mohammed,
whom, on account of his extreme youth, he hoped to

govern at his will. Fresh troops sent against Abii '1-

Sardyd fared no better than the first, and several cities of

'Irdk, as Basra, Wdsit, and Maddin, fell into_ the hands of

the rebels. Abii '1-Sardyd was already marching •against

Baghddd, when Hasan b. Sahl, in great ala.m, hastily

recalled Harthama b. A'yan, one of the heroes of the civil

war, who was already on his way back to Merv. As soon

as this general had returned from Khordsdn, the face of

affairs changed. The adherents of 'All were everywhere

driven back, and the whole of 'Irdk fell again into the

hands of the 'Abbdsids. Cufa was taken by assault, and

both Abii '1-Sardyd and Mohammed b. Mohammed were
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mada prisoners. The former had his head struck off ; the

latter was Bent to Khorisdn. The revolt in Arabia was

also quickly stifled, and it might have been supposed that

•,)eace was about to be re-established. This, however, was

l)y no moars the case. The ci\-il war had caused a swarm

of vagabonds to spring, aS it were, from underground at

Baghddd. They proceeded to treat the capital as a con-

quered city ; and such was their audacity that they

plundered houses and carried off women and children at

mid-day. It became necessary for all good citizens to

6rganize themselves into a regular militia, in order to

master these ruffians. MeanwhUe, at Merv, Ma'miin was

adopting a decision which fell like a thunderbolt on the

'Abbisids. In a.h. 201 (a.d. 816-817), under pretence of

lutting an end to the continual revolts of the partisans of

'AK, and acting on the advice of his prime minister, Fadl,

he publicly designated as his successor in the Caliphate
'AH b. Milsd, a direct descendant of Hosain the son of
' AH, and proscribed black, the colour of the 'Abbdsids, in

favour of that of the house of 'Ali, green. This- step was

Tell calculated to delight the followers of '^li but it

naturally could not fail to exasperate the "AbbVsids and

their partisans. The people of Baghdad refused to taie

the oath to 'All b. Sliisd as heir-presumptive, declca-ed

rbrfUm Ma'miin deposed, and elected his uncle IbrAhim, son of

Ji
^' Mahdi, to the Caliphate.^ The news reached the Caliph

elected at °"'y indirectly, for his minister Fadl, desiring to leave

Baghdid. Ma'miin only the shallow of power, kept all important

events carefully from his knowledge. The eyes of the

Caliph were opened, and he now perceived that Fadl had

been treating him as a puppet. His anger knefr no

bounds. Fadl was one day found murdered, and 'AK b.

Miisd died suddenly. The historians bring no open accu-

sation against Ma'miin of having got rid of these two

personages ; but it seems clear that it was not chance that

did him such a sep-sonable service. Ma'miin of course

affected the profoundest grief, and, in order to disarm

suspicion, appointed as his prime minister the brother of

Fadl, Hasan b. Sahl, whose daughter Biirin he also after-

wards married. But on the other hand, in order to quiet

the people of Baghdad, he wrote to them :
" The cause of

your dissatisfaction in the business of 'AK b. MusA no

longer exists; since he who was the object of your resent-

ment has just died." From that moment the pseudo-

caliph Ibrdhim found himself deserted, and was obliged

to seek safety in concealment. His precarious reign had,

however, lasted nearly two years. Ma'miin now decided

on making a public entry into Baghdad, but to show that

he came as a master, he still displaj'ed for several days

the green flag of the house of 'AK, though at last, at the

entreaty of his courtiers, he conssnted to resume the black.

From this time the real reign of Ma'miin began, freed as

he now was from the guardianship of Fadl. His general

T^hir alone continued to excite his suspicions. Under
the pretence that he could no longer endure the sight of

the murderer of his brother, he removed TAhir to a dis-

tance byappointing him governor of KhordsAn. Like most
of the great Moslem generals, T^hir, it is said, conceived

the project of creating an independent kingdom for himself.

His death, a.h. 207, prevented its realization ; but as his

dejcondants succeeded him one after the other in the post

of governor, he may. be said to have really founded a
dynasty in KhorAsAn. When, two years later, the impostor
BAbak set up a communistic sect in Armenia and Azer-
taijAn, it was a son of T^hir, 'AbdaUAh, who was commis-
sioned by Ma'miin to put him down. Notwithstanding; his

ability, 'AbdaUAh could not accomplish the task, and it

' On this event, see a renLirkable essay by Barbier de Meynard, in

tbe Journal asiatiqtte for March-April, 1869.

was only under Ma'miln's successor that BAbak was taken

and put to death.

Ever since Ma'miin's entry into BaghdAd, the pseudo-

caliph IbrAhIm had led a wandering life. He was

arrested one night in BaghdAd, under the disguise of a

woman, and brought before Ma'miin. The latter gener-

ously pardoned him, and also granted an amnesty to the

former minister of Amin, Fadl b. Rabl', althongh he had

been the chief promoter of the terrible civil war which had

so lately shaken the "empire. After that time, IbrAhfm

the son of Mahdl lived peacefully at the court, cultivating

the arts of singing and music, in which he excelled.

Tranquillity being now everywhere reestablished, Ma'-

miin gave himself up, without hindrance, to his scientific

and literary tastes. He caused works on mathematics,

astronomy, medicine, and philosophy, to be translated

from the Greek. It was also by his orders that two

learned mathematicians undertook the measurement of a

degree of the earth's circumference. Ma'nnin interested

himseK, too, in questions of religious dogma. Shocked

at the opinion which had spread among the Moslem
doctorsj that the Koran was the Uncreated word of God,

he published an edict commanding them to renounce this

error. Several distinguished doctors, and, among others,

the celebrated Ibn Hanbal, founder of one of the four

orthodox Moslem sects, were obliged to appear before an

inquisitorial tribunal ; and as they persisted in their

belief respecting the Koran, they were thrown into prison.

Meanwhile, war having broken out between the Greeks

and the Moslems, Ma'miin set out lOr Asia Minor, to put

himself at the head of his army. On his arrival at Tarsus,

he received from the governor of BaghdAd tie repert of

the tribunal of inquisition, and ordered that the culprits

should be sent off to him. Happily for these unfoctunate

doctors, they had scarcely started on the road to the

frontiers, ^
when news of the Caliph's death r.eached

BaghdAd. Ma'mi^,n having bathed in the Podendon, a

burning fever was the result, which brought him to the

grave la a.h. 218 (a.d. 833). Before his death, he

designated as his successor his brother Mo'tasim bilhlh,

(He who seeks defence in God), whom he had for a long

time preferred to Mo'tamin.

8. The accession of the new Caliph Mo'tasim met at

first with active opposition in the army, where a powerful

party had been formed in favour of 'AbbAs, the sou of

Ma'miin. Thanks, however, to the disinterested conduct

of that prince, civil war was averted. 'AbbAs publicly

renounced aU pretension to the Caliphate, and took the

oath of allegiance to his uncle. Mo'tamin, the son jf

HAriln, imitated the conduct of 'AbbAs, and the whole
army accepted Mo'tasim, who made his public entry into

BaghdAd in the mouth of Ramadan 218.

"The new Caliph, far from putting a stop to the persecu-

tion which had been directed against the orthodox doctors,

took up and carried out the views of Ma'miin. The
doctor Ibn Hanbal was beaten with rods and thro'mi into

prison, together with several of his companions, ami was
not restored to liberty till the Caliphate of Motawakkil.

This persecution had already prejudiced the people against

Mo'tasim, and their discontent became more marked when
the Caliph created a new body of troops, specially intended

to watch over his person. This new guard was composed
of Turks, an tmbridled and undisciplined body of soldiery,

who, nioreover, held in open contempt the religious pre-

cepts of Islam. Tired of the excesses of every kind com-
mitted by the Turks, the people of BaghdAd rose in

insurrection, and Mo'tasim, not daring to act with severity

either against his guard or the citizens, took the course of

quitting the city. Leaving the governinent of the capital

in the hands of his son WAthik billAh (He who trusts in
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God), he established Iiimself vdtli his f^uard nt RAmn.rra, a
Bmall place situated a few leagues above Baghdad, and
changed its name to Sorra-man-ra'a (He rejoices -who

sees it). This resolution of Mo'tasim was destined to

prove fatal to his dynasty ; for it placed the Caliphs at the
mercy of their Prtetorians. In fact, from the time of

Mo'tasim, the Caliphate became the plajthing of the
Turkish guard, and its decline was continuous. Some
glorious feats of arms, however, were still performed
under Mo'tasim. The sectary Bdbak was at last taken by
Afsliin, a Turkish general of the Caliph, in the year 223
(a.D. 837-838). Bdbak was carried to Barhdid, led

through the city on the back of an elephant, and theu

delivered to the executioners, who cut off his arms and
his legs. Afshin, however, was very ill rewarded for his

services, for shortly afterwards the Caliph had him put to

death on a charge of heresy.

The death of Ma'miin had for the moment suspended
hostilities with Constantinople ; under Mo'tasim the war
•was rekindled. A "valiant Greek general, Manuel, who
had incurred the displeasure of the Emperor Theophilus,

took refuge with the Caliph, who eagerly welcomed him
and gave him a command. Manuel began by reducing

Khordsdn, which had risen in revolt, and Mo'tasim was so

well satisfied with him that he thought of emploj-ing him
figainst hia own countrymen. This was precisely what
Theophilus dreaded, and he took measures accordmgly to

bring back the banished general to his side. He sent an
ambassador to Mo'tasim, under pretence of ransoming
some Greek prisoners ; but the real object of his mission,

which he contrived to communicate to Manuel, was the

recall of that general. Manuel, feigning great animosity

against his country, himself asked to be allowed to lead a

Moslem army into Cappadocia. The Caliph granted his

request, and sent with him his own son WAthilj bUlih.

But, as soon as they reached the frontiers of Cappadocia,

Manuel confessed to the young prince that his intention

was to return to Constantinople, and quitted the army.

Theophilus, taking advantage of the confusion into which

the departure of Manuel had thrown the Moslems, made
an incursion into Syria, laid waste that province as far as

Zabatra, and returned loaded with booty. At the news of

this disaster, Mo'tasim assembled a formidable army,

estimated at more than two hundred thousand men,

penetrated into Asia Minor, beat the Greeks, and took

the city of Amorium, which he ordered to be razed to the

ground. A revolt which broke out at BaghdAd in favour

of his nephew 'AbbAs, the son of Ma'miin, compeUed the

Caliph to turn back. Mo'tasim had the unfortunate

"AbbAs arrested, and he was soon after found dead in his

prison. Mo'tasim survived him only four years. He died

at Sorra-man-ra'a, in a.h. 227 (a.d. 841-842).

9. His son WAthilj, who succeeded him, showed himself

no less Intolerant on the doctrinal question of the un-

created Koran. He carried his zeal to such a point that,

on the occasion of an exchange of Greek against Moslem
prisoners, in the year 231 (a.d. 845-846), he ordered, that

all the Moslem captives who would not declare their

belief that the Koran was 'a human work, should be left

in the hands of the enemy. The reign of WAthil: billAh

was not othersvise marked by any very striking events.

He died in 232 (a.d. 84G-847), after a reign of five years.

As he had appointed no successor before his death, the

principal personages of the state at first cast their eyes on

his son Mohammed ; but they had sca,rcely saluted h im
with the title of Caliph, when they changed their purpose,

and ofiered the supreme power to Motawakkil 'ala 'U4h

(He who trusts to God), brother of Wdthilf. This prince

was fiierefore elected in the same year in- which Withik

died.
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10. The first act of MotawakJai was an atrocious

cruelty. He seized Mohammed b. 'Abd al-Molik, his
brother's vizier, who had always been his enemy, and
ordered him to be placed in a furnace bristling within
\vith iron points, which was then raised to a red heat.
The Caliph looked on at the agonies of his victim,'
incessantly repeating: "Pity is a weakness." This had
been the favourite maxim of the unfortunate vizier. An
impostor named Jlohammed b. Faraj had set himself up
as a prophet, 'giving out that he was Moses risen from the
dead. By means of this gross fabrication, he had con-
trived to attract twenty-seven followers. The Caliph had
him seized, and condemned him to perpetual imprison-
ment

; but first he compelled each of the followers of
Mohammed to give the pretended prophet ten blows or
the head with his fist ; and the poor wretch expired undei
the hands of his o^vn disciples, (a.h. 235, a.d. 849-850.)

In the year of his elevation to the Caliphate, Motar
wakkil had regulated tlie succession to the empire in his
own family, by designating as future Caliphs his three
sons, Jlontasir billAh (He who seeks help in God), Mo'tazz
billAh (Strong through God), and ftfowayyad billdh
(Assiitcd by God). In acting thus, his object was to
prote t against the tendency of his predecessors to favour
the house of 'AK, and to guard against the attainment of
the Caliphate by any member of that house. Motawakkil
displayed the most extreme hatred for the descendants of
the Prophet. He even went so far as to destroy the
chapel erected over the tomb of Hosain at KerbelA, and
forbade the ShI'ites to visit the spot. Not content with
attacking the liberty and the property of the descendants of

'Ali, ho insulted their belief, by taking buffoons into his

pay, whose business it was to turn the person of "Ali into
mockery. He also persecuted the Christians and the
Jews ; excluding them from all public pmployments, and
obliging them to send their children to Moslem schools.

In the year 237, a revolt broke out in Armenia. The
Caliph sent the Turk Bugha against the rebels ; but they
met him with a vigorous resistance, and it was four years
before peace was restored to the province. During that

time the Greeks efiected a descent on 'Egypt, and Damietta
vras taken and buined. Motawakkil caused Damietta to
be fortified, and transferred his own residence to Damascus,
doubtless that he might be able to keep a closer watch on
the proceedings of the Byzantines. He soon thought
himself strong enough to tako the offensive, and poured
his Turkish soldiery into Asia Minor, where they

encountered the same Manuel who had been formerly

received at the court of Mo'tasim. After an alternation

of successes and reveises, both Moslems ^ and Greeks
retired from the conflict. Motawakkil then returned to

his residence at Sorra-man-ra'a, and there caused a magni-

ficent quarter to be built, which he called Ja'fariyya.'

There he gave himself up to debaucheries ; till at last,

during one of his orgies, he was murdered by a Turkish

soldier named Waslf, who had been bribed to the deed

by his own son Mo'ntasir biUdh (a.h. 247. a.d. 861-862).

11. On the very night of his fathers assassination

Montasir had himself proclaimed CaUph. The conspirators

among the Turkish soldiery compelled him to deprive his

two brothers, Mo'tazz and Mowayyad, who were not agree-

able to them, of their rights of succession. Montasir did

not long enjoy the fruits of his crime. He died five

months after, by poison, it is said.

1 2. The Turkish soldiery, which now arrogated to itself

the mastery over the Caliphate, chose in succession to

Monta-sir his cousin Ahmed, who took the title of Mostaitt

' That is,
" City of Ja'far." Ja'far waa Motawakkil'a own propei

JXBJLB
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billAh (He who looks in- be?p to God). Under tho reign

of this feeble prince, the Oreeks inflicted serious losses on

the Moslems in Asia Minor. The Turkish soldiery, instead

of attempting to repair these los.ies, revolted against the

Caliph whom they had themrelves chosen, and plundered

the city of Sorra-man-ra'a. Talung advantage of these

disorders, a descendant of 'All, named Hasan, gained pos-

session of Tabaristdn and Jorjin, and permanently deprived

the Eastern Caliphate of those provinces. At the same

time, insurrections sprang up in every part of the empire.

Next, the chiefs of the Turkish soldiery, in their mutual

jealousies, began to tear each other to pierei*. The infatu-

ated Caliph fled from Sorra-man-ra'a, and took refuge at

Baghdad. The Turks now resolved on his destruction,

and torgetting that they themselves had deprived Mo'tazz

billdh, brother of Montasir, of his legitimate pghts, chose

him as their Caliph. They next placed at th»L~ head a

brother of Mo'tazz, named Mowaffalf bill.^h, aud besieged

Mosta'ln at Baghdad. At the end of one mctivh (.i.fl.

252, A.D. 866), Mosta'ln surrendered, and was ^^t, to

death.

13. Mo'tazz billAh, thus called to the throne by t'n.i very

men who had previously sought to exclude him from 't,

resolved to free himself from the yoke of the formidahlp

Turkish soldiery which thus made and unmade Caliphi>.

But to maintain a struggle against such terrible adversaries,

the ne'w sovereign would have needed an ability and energy

which he did not possess. He made, indeed, a very

impolitic beginning in getting rid of his brothers Moway-
yad and MowafFak, of whom he put the former to death,

and drove the latter into exile. Some time after, it is

true, he had the satisfaction of seeing Waslf, one of the

chiefs of the Turkish soldiery, lose his life in a mutiny of

Ids own troops ; and that of defeating in person another

chief, Bugha, whom he afterwards caused to be beheaded.

But in the following year (a.h. 254), the Turks chose as

their leaders the sons of Waslf and Bugha, SdlUi and
Mohammed, who avenged their fathers by plundering the

palace of the prime minister and besieging t'ut of the

Caliph, whom they seized and threw into close confine-

ment, where he died of hunger and thirst, A.g. 255.

ICobtuli. 14. Immediately after the fall of Jlo'tazz, the Turks
brought from Baghdiid one of the sons of Wdthik billilh,

and proclaimed liim Caliph, with the title of Mohtadi billah

(Guided by God). Mohtad/, a man of noble and generous
spirit, exerted himself, but in vaia, to release his prede-
;essor from prison. Ha^ving failed in this, he Iiept the
iiecarious measure of power which his masters left

nim, and applied it to the regeneration of Moslem
society, the decay of which appeared to him immin, r.t,

He forbade wine and games of chance ; he devoted
himself to the administration of justice ; he examined in

person every sentence passed by the judges, and gave
public audience to the people twice a week for the redress
of their grievances. The farmers of the revenue were
subjected to strict control, and the taxes were considerably
bghtened. It seemed as if these reforms were likely to
re-establish order and prosperity in the empire. But
Mohtadi came too late, and the Turks did not leave him
time to finish his work. Sdlih, one of the chiefs of the
Turkish soldiery, having been assassinated by a rival,

Mohtadi punished the guilty person with rigour. The
Turks, in their rage, beset the palace and slaughtered the
unfortunate Caliph (a.h. 256, a.d. 870).

15v Whether from weariness, or from repentance, the
Turkish soldiery discontinued for a time their hateful
excesses. A son of Motawakkil was brought out of prison

to succeed his cousin, and reigned for twenty-two years
under the name of Mo'tamid 'a)a 'lldh (He whoso support

is God). During his reign two great events took place,

tokens and precursors of the dissolution of the Caliphate.

Eastern Persia and Egypt separated themselves by force

from the empire, and two ne^w dynjisties established

themselves in these coimtries, those respectively of the

SafTArids and the Tiiliinids. The founder of the former,

Ya'ljiib b. Laith, was the son of a coppersmith (Saffdr).

At the head of a band of resolute men, he invaded success-

ively Khordsdn, KirmAn, and Sijistdn, and at last the Caliph

Mo'tamid, powerless to arrest his progress, was obliged to

give an official recognition to accomplislisd facts. But

Ya'tilb was not satisfied with this; he soon possessed

himself of Tabaristdn, Fdrsistdn, and Ahwdz, and thence

marched against Baghddd. Fortune, however, deserted

him ; he was beaten in the neighbourhood of VVdsit (ah.

262), and compelled to return to Persia in order to levy a

new army there. In 265 he resumed his march against

Baghdad, but was obliged by sickness to halt at Jondls-

Abilr, where he died ; not, however, tiU he had obtained

from the Caliph a formal investiture of M the provinces

he had conquered. He was succeeded by his brother

'Amr. On the other side, a certain Aimod b. Tuliin, the

son of a freedman, who had obtained froip the Caliph ths

post of governor of Egypt, planned the cre:^',ion for bi^iself

of an independent kingdom. Under Mo'tamid he even

invaded Syria, and perhaps would have pushed his con-

qi"e?ts stm farther, had not death overtaken him in a.h.

270 (a.d. 883-884). His son Khomariiya succeeded Mm
in Egypt, and though, at a later period, he submitted to

pay fribi'to 'fo Mo'tadid, nevertheless a dynasty had been

founded in that co'intry which lasted for twenty-one year

longer. Mo'tsmid died eight years after Ahmed b. TiUiin.

16. The reign of Mo'tadid billdh (He who seeks his Mo't*

support in God), •wbo succeeded his uncle Mo'tamid, is'""*

principally remarkable for the rise of the celebrated sect

of the Carmaihians (Kardmita), who for two centui'ies laid

waste the Moslem empire, ai ' for the extinction of the

Saffdrid dynasty in Persia, wh -e it was replaced by that

of the Sdmdnids. Sv^me dptaijs respecting the ora:in and
the creed of the Camia^'ans will be found in the third

section of this article. Wc shall content ourselves here with
stating the fact that tbere sectaries, who were numerous
in 'Irdk, Syrja, and Eastern Arabia, kept in check all the
armies which were sent again'^t them. Under the reign ot

!Mo'tadid they invaded Mecca and committed great ravages
there. In A.n. 281, Mo'tadid repaired the disasters \s'luch

they had caused there, and raisei' important works about
the Ka'ba. Mo'tadid died in 289 (^.r. 902), leavina

the throne to his son Moktafi biildfc.

17. Moktafi billdh (He who sufficetH himseL* in God)
reigned for six years, during which ho had coristaiitly to

struggle against the Carmathians. Our cf his generals,

indeed, gained a signal victory over these sectaries ; but, to

avenge their defeat, they lay in wait for a caravan which
was on its return from Mecca, and massacred twenty
thousand pilgrims. This horrible crime raised the whole
cf Arabia against them. The Carmathians were btaten
again, and Dhikriiya, one of their ablest generals, was
taken and put to death. The sectaries remained quiet for

some time, and the Caliph took advantage of this respite

to take Egypt from the house of Tiiliin, and to confer its

government on the Xkhshidites. Moktafi died a.h. 295
(a.d. 907-908). His activity and energy revived for a
moment the prestige of the Caliphate ; but this fleeting

renewal of its greatness was soon to disappear, and decay
resumed its course.

18. The new Caliph, Moktadir billdh (Powerful through
God), was only thirteen years of age when he ascended
the throne. His extreme youth prejudiced the people of

Baghddd against him ; they rebelled, and swore allegiance

to 'Abdalldh, son of tJie former Caliph Mo'tazz ; but the .
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tiiutes.

party of Moktadir prevailed, and his rival was put to

death. Molftadir, however, was too young to exercise

any real power ; he was governed by his eunuchs. He was,

besides, a man of feeble character, and looked on help-

lessly at the death-struggle of the empire, upon which

calamities of every kind now poured in. The Greeks

invaded Mesopotamia. A truce was concluded with them

;

but the Carmathians then recommenced their disorders in

Syria. The indolence of the Caliph, and his inaction in

the face of this danger, alienated all hearts from him
;
and

the eunuch Miinis, the principal chief of his party, took

the lead in deposing him and proclaiming in his stead his

brother KAhir billih (Victorious through God), in the

year 317 (a.d. 929-930). Kihir, however, having refused

to distribute a donative to the army on the occasion of his

accession, a counter-revolution took place, and Moktadir,

who had been imprisoned, was taken from his dungeon

and replaced on the throne, only three days after his de-

position. Favoured by these disturbances, the governor of

Mosul, Niisir al-Daula, declared himself independent, and

founded definitively the dynasty of the HamdAnites ;
thus

causing an additional dismemberment of the empire. The

Carmathians in their turn, under the guidance of a new chief,

Abii T^hir, obtained possession of Mecca, and carried off

the celebrated black stone of the Ka'ba, which they did not

restore till very long afterwards. Meanwhile the eunuch

Miinis had been disgraced. He withdrew at first to Mosul,

to the court of NAsir al-Daula ; but it was to raise an

army and march upon Baghdad, where the Caliph had

again fixed his abode. The object of Munis was not to

attack the Cahph, but only to take vengeance on his

personal enemies. Moljtadir was induced by evil coun-

sellors to make a sally against Miinis. His troops were

put to the rout, and he himself fell on the field of battle,

in the year 320 (a.d. 932).

With the reign of Moljtadir is connected one of the

greatest events in the history of the Caliphate, the founda-

tion of the FAtimite dynasty, which reigned, first in the

Maghrib and then in Egypt, for nearly three centuries.

The first of this tamily who put forward any pretensions

to the Caliphate was "Obaid AllAh, surnamed the Mahdl, or

Messiah of the foUowers of 'All, who gave himself out as

a direct descendant of "All, through his wife Filtima, the

daughter of Mohammed, whence the name of FAtimite. It

seems to be proved that 'Obaid AUdh was really descended

from a certain 'Abdalldh b. Maimvin el-Kadddh, the

founder of the Ismailian sect, of which the Carmathians

were only a branch. This "Obaid Allah had himself

become pontiff of the Ismailians. As early ps the Caliphate

of Moktafl, one of 'Obaid AUAh's missionaries, named

Abii "Abdalldh, had succee-led in gaining numerous parti-

sans in the province of Africa, then subject to the

AL'hlabites, and the victories of this missionary had

wrested Eastern Africa from the family of Aghlab when

Molftadir ascended the throne. 'Obaid AllAh then

repaired to his new realm (a.h. 303), and founded the

rity of Mahdiya, which he made his capital. He tried

also, but without success, to seize Egypt ; the conquest of

that country was reserved for on« of his successors, ilo izz

li-din-illdh. 'Obaid AlUh died two y^ars after Moktadir,

leaving to his son KAim an empire already sufficiently

powerful to cause uneasiness to the 'AbbAsids, to the

Omayyads of Spain, and to all the Christian princes

whose states bordered on the Mediterranean.

19. KAhir billAh, on being raised anew to the throne

after the death of his brother Moktadir, still bore lU-wiU

to his patrons, and tried to free himself from their

guardianship. The emirs of his court dethroned him a

second time and put out his eyes. One of his nephews

was then Droclalm-I Caliph under the name of KAdi

billAh (Content through God). This prince, who wa^

entirely governed by those about his person, created,

in favour of a certain Abubekr Mohammed b. KAik, the

office of Amir al-OmarA, or Emir of the Emirs, which

nearly corresponds to that of Mayor of the Palace among

the Franks.1 The Amir al-OmarA was charged wth the

administration of civil and military affairs. He also acted

as the Caliph's deputy in sacerdotal functions, and was

named next after him in the public prayers. Thenceforth

the Caliphate was no longer anything but an empty

shadow. During the reigns of KAhir and Eddl, the Car-

mathians became more audacious than evci. The Amir

al-OmarA was obliged to purchase from them the fuedom of

pilgrimage to Mecca at the price of a disgraceful treaty.

Thus the Caliphate found itself almost reduced to the pro-

vince of BaghdAd. KhorAsAn, Transosiana, Kirmdn, and

Persia were in the hands of independent sovereigns, the SA-

mAnids, the Biiyids, and a prince named Washimgir. The

HamdAnites possessed Mesopotamia , the SAjites, Armenia;

Egypt was under the rule of the Ikhshidites ; Arabia was

held by the Carmathians ; Africa, as we have seen, had

become the prey of the FAtimites. The single transient

success obtained by RAdl was the capture of Mosul in A.H.

328 (a.d. 939-40) ; and even this success he owed to the

Turk Bejkem, who had succeeded Mohammed b. RAik aa

Amir al-OmarA. ,,,..«
RAdl died in the following year, and was succeeded by MottaM

Mottaki hllAh (He who fears God). From his very

accession, this prince saw himself exposed to the attacks

of a certain Al-Baridi, who had carved out for himself a

principality in Chaldsa, and who now laid siege to BaghdAd.

NAsir al-Daula, prince of Mosul, who had been reinstated in

his government, offered an asylum to Mottaljl ;
put his

troops at his disposal, and succeeded in repelling Al-

Barldl. In return he obtained the office of Amir al-OmarA.

But there were other competitors for that post. .
Turun,

a former lieutenant of Bejkem, prot&ted sword in hand

against the choice of the Cahph, and threatened Bagn-

dAd. Ikhshld, sovereign of Egypt, offered Mottaki a

refuge in his states ; but Turun, fearing to see the Caliph

obtain such powerful support, found means to entice

him to his tent, and b-d his eyes put out, a.h. 333

(a d 944-945)

As successor to lyiottaki, Turun chose Mostakfl billAh (He Mostx?-

who places his whole trust in God). This prince, like his

predecessors, was a mere puppet in the hands of his min-

isters. A new Amir al-OmarA, Zfrak b. ShfrzAd, made

himself so hateful to the people of BaghdAd by his deed.s

of violence and rapacity that they besought the help of

the Biiyids. Alimed, the third prince of that dynasty,

entered BaghdAd, overthrew Zirak, and took his place

under the title of Mo'izz al-Daula. Mostakfi soon had

enough of this new master, and ventured to conspire

acrainst him. The plot was discovered, and Mo'izz al-Daula

had the eyes of the Caliph put out. There were now at

BaghdAd three Caliphs who had been dethroned and

blinded-KAhir, Mottalfi, and Mostakfi. Moizz al-Daula

thought for a moment of restoring the illusory title of

Caliph to the descendants of "Alf. He feared however

lest this should lead tc the recovery by the Cahphs ot

their former supremacy, and his choice fell on a son ot

Molftadir under the name of Motf lillAh (He who obeys

God). Reserving to himself all the powers and revenues

of the Caliph, he allowed Mott' merely a secretary and a

moderate pension. The prince of Mosul, who began to

think his possessions threatened by the neighbourhood of

Mo'izz, entered on a struggle with him and tried to ^^-rest

BaghdAd from him; but he failed, and was obliged to

» See Defrcmery, iUmoire sur lea £mir> alOmira. Parij. 1848..
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submit to tbe jvij-ment of tribute. We have said above

that Mo'izz al-Daula professed a great veneration for tbe

house of "All. Hi? preference showed itself in public acts.

.He caused the most terrible imprecations against the

Omaj-yads to be posted up at the doors of the mosques.

This step irritated men's minds ; and a general insurrec-

tion was imminent at Baghddd, -when Mo'izz died (a.h.

356), leaving his power to his son 'Izz al-Daula.

^^^lile the 'Abbisid family was thus dying out in shame

and degradation, the F.Atimites, in the person of Mo'izz

li-dln-iU4h, were reaching the highest degree of power

and glory (see Egypt, vol. vii. p. 750 sqq.) Jauhar, a

general of Mo'izz li-din-illAh, conquered Egypt for his

master, and Arabia acknowledged the sovereignty of the

FAtimites. The Carmathians, who had so long contended

against the 'AbbAsids, now came to better terms with

MotC, and their general made the Caliph the offer of

driving back the FAtimites, on condition of his granting

him the government of Egypt. Motl' preferred to stand

neutral in the struggle ; and the Carmathian general, who
with the support of ilotl" might perhaps have triumphed

over Mo'izz, was beaten by his powerful rival. Motf,

having been struck by paralysis, was obliged to abdicate

in the year 363 (a.d. 973-974), and left the empty title

rii". of Caliph to his son Tdi' li-amr-ill.ih (Obedient to the

command of God). The new Caliph lived at first in

peace, for it was now the office of Amir al-OmarA which

provoked ill--n-ill. Under the reign of T^i' the Biiyid

princes contended furiously with one another for the office

of Emir, and one of them, 'Adod al-Daula, having con-

quered 'Izz al-Daula, took the title, never before employed,

of ShihinshAh, or king of kings. On his death he trans-

mitted his office to his three sons, who held it successively,

under the names of Shams al-Daula, Sharaf al-Daula, and
BabA al-Daula. The last, who was as avaricious as he
was ambitious, took offence at tbe Caliph TAi' for having

disposed of certain sums of money, of which be washed

to reserve the management to himself, compelled bim to

abdicate in a.h. 381, and replaced bim by a grandson of

Molftadir, who took the name of KAdir billAb (Powerful

through God), and reigned forty one years under tbe

tutelage of tbe Biiyids. Meanwhile events were, pre-

paring the fall of the Biiyids. In Persia, Mabmiid of

Ghazni was founding the powerful empire of the Gbaz-
nevids, which extended to the Indus, and tbe Seljiik

Turks were already invading KhorAsAn. It was under
the successor of KAdir billAh that that sanguinary revolu-

tion took place, which was to give over the government
of BaghdAd to tbe Seljiiks.

iiim. KAdir biUAh died in a.h. 422 (a.d. 1030-31), and
was succeeded by KAim bi-amr-illAh (He who is changed
with the business of God). Tbe new Caliph, groaning
under the iron band of bis Amir al-OmarA, called to

his aid tbe Seljuk Togbril Beg, who entered BaghdAd
in the month of Bamadan in the year 447 (a.d. 1055-

1056), overthrew the Biiyids, and took their place. Some
years later, Togbril married tbe daughter of the Caliph.

At his death, Togbril left to bis nephew Alp ArslAn
the title of Sultan, a flourishing empire, and uncon-
trolled power. As for KAim, be enjoyed the Caliphate
in peace under the tutelage of Alp ArslAn and of bis

successor Malik ShAh, till bis death in a.h. 467. His
grandson, Moktadl bi-amr-illAh (He who obeys tbe orders

of God), who succeeded bim, owed to the power of Malik
ShAh the honour of recovering his supremacy in Arabia.
At Mtdina and Mecca his name was substituted in the
public prayers for those of the FAtimite Caliphs. This
was, after all, a mere gratification to his vanity, for Malik
ShAh was the real sovereign, and the Cabph thought
himself highly honoured in marrying the daughter of his

powerful patron. This union, however, far from drawing

closer the bonds of friendship between Malik ShAh and

Moktadl, became on tbe contrary a cause of strife. Tbe
Caliph having put away his wife, who had wearied him
by her peevish humours, was compelled by Malik ShAb to

appoint tbe child whom he had bad by her as his successor,

to tbe prejudice of bis eldest son. MaUk ShAb also exiled

his son-in-law to Basra. Just, however, as this order was
about to be carried out, Malik ShAh died. Moktadl
survived bim only a few months. It was during the

reign of his successor Mostazbir billAh (a.h. 487-512) that

tbe first crusade took place. We need not here enter

into the details of those wars. It is sufficient to say that

from the date of the first crusade BaghdAd ceases, so to

speak, to have any special history. Tbe successors of

Mostazbir billAb (He who seeks to triumph through God)
were—Mostarshid billAh (He who asks guidance from God),

A.H. 512-529 ; RAshid billAb (Just through God), a.h. 529-

530 ; Moktaff li-amr-illAb (He who follows tbe orders of

God), a.h. 530-555 ; Mostanjid billAb (He who invokes

help from God), a.h. 555-566 ; and Mostadf bi-amr-illAh

(He who seeks enlightenment in the orders of God), a.h.

566-575. Under this last, tbe FAtimite dynasty was at

length destroyed, and Egypt fell again under the spiritual

authority of the Caliphs of BaghdAd. It was one of tbe

generals of tbe Emir Niir al-dln, tbe celebrated SalAh al-

dfn (Saladin), who made this important conquest in A.H.

567 (a.d. 1171-1172). He maintained himself in Egypt
as Sultan, founded a new dynasty, that of the Ayyiibites,

and in some sort compelled NAsir li-dln-UlAh (He who
helps tbe religion of God), the successor of Mostadf (a.h.

575-622), to acknowledge bis title and to ratify his

usurpation.

A still more formidable danger was now threatening The

BaghdAd. The terrible Jinghiz KbAn was issuing from Mongol

tbe depths of Asia at the head of bis Mongols, and was
beginning to invade Transoxiana. Under NAsir li-din-

illAh's successors, ZAbir billAb (Victorious through God),

a.h. 622-623, and Mostansir billAb (He who asks help

from God), a.h. 623-640, the Mongol invasion advanced
with immense strides ; and when, after them, Mosta'sim

billAh (He who seeks bis defence in God) was named
Caliph in the year 640 (a.d. 1242-1243), tbe last days of

tbe Caliphate bad arrived. HulAgu, who was then sove-

reign of the Mongols, determined to make himself master
of tbe whole of Western Asia. He placed himself at tbe

bead of his immense hordes, swept everything before him
on bis march, and arrived under tbe walls of BaghdAd.
In vain did Mosta'sim sue for peace. Tbe siege was
actively pursued, and on tbe 29th of Moharram 656 (5th

February 1258), tbe Mongols forced their way into

BaghdAd and planted tbe standard of HulAgu on the

highest of its towers. Tbe city was given up to fire and
slaughter ; Mosta'sim was thrown into prison, and died
there a few days after ; and with him expired the Eastern
Caliphate, which had lasted 626 years, from tbe death of

Mohammed.
In vain, three years later, did a scion of tbe race of tbe

'AbbAsids, who had taken refuge in Egypt, make an effort

to restore a dynasty which was now for ever extinct. At
the bead of a few followers, be marched against BaghdAd,
but was repulsed by the governor of that city, and died
fighting. At a later period, another descendant of the
'AbbAsids also sought an asylum in Egypt. Tbe Sultan
Baibars, after a judicial investigation of bis origin, pro-

claimed him Caliph under the name of HAkim bi-amr-illAh.

His sons inherited this empty title, but, like their father,

remained in Egypt, without power or influence. This
shadow of sovereignly continued to exist till the conque"*
of Egypt by the lun>j.
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Genealogical Table of the AbbXsid Caliphs down to the

Fall of Baghdad.

'Abbas.

'Abdallih.

Ai.

Mohammed.
I

!
I

- ' -

Ibrahim. 1. Abu '1-'Abbas. 2.. Mansur.
I

3. Mahdi.
I

4. Hadi. 5. Hanin al-Rashid.

I

1 i
^1

6. Amm. 7. Ma mun. 8. Mo'tasim.

^1

Mohammed. 9. Wat'aik. 10. MotawakVdl.
I I '

I

12. Mosta'm. 14. Mohtadi.

Mowaflfak.

16. Mo'tadid.

I

I J.
11. Montasir. 15. Mo'tamid. 18. Mo'taz;;.

I

19. Kahir. 18. Moktadir.

Ishdk. 23. Moti'.

I

24. Tai'.

I

17. Moktafi.
I

22. Mostakfi.

r I

21. Mottakf. 20. Radi.

25. Kadir.
1

26. Kaim.

Mohammed Dhakhirat al-Dio.

27. Moktadi.

28. Mostazhir.

I

29. Mostarahid.

30. Kdshid.

I

31. Moktafi.
r

32. Mostanjid.

S3. Mostadi'.

34. TSisii.

35. Zibir.

i

36. Mostansir.

37. Hosta'sim.

Sect. HI.—^Sketch of the Institutions and Civiliza-

tion OF THE EaSTEBN CaLIPHATE.

Mohammed had begun to bestow political unity onArabia;

but he had done still more : he had given her the Koran,

as the starting-point and base of the future rivilization of

Islam. It was for the preservation and the better imder-

standing of the sacred text that the first believers were

led to create grammar and lexicography, and to make col-

lections of the poems of their own and former times, those
" witnesses of the meaning of words," as the Arabs call

them. To elucidate questions of dogma they created

theology. Jurisprudence, in like manner, issued from the

Koran, and the historical sciences at first gathered around

it. As early as the first century of the Flight, schools

were foimded in 'Ir4k> a* Basra and at Cufa, in which all

the questions to which the study of the Koran gave rise

were stated, and answered in difierent ways. Natural

science and mathematics were less directly concerned with

the sacred book, and were consequently neglected during

the whole period of the Omayyad djTiasty. They only

began to be cultivated when, under the 'Abbisids, the

study of philosophy led to the use of translations from the

Greek. The institutions of Islam were developed, no

doubt, as new wants made themselves felt, in proportion

to the extension of the empire ; but they were nevertheless

founded on the first arrangements made by the Prophet,

and handed down by him in the Koran.

Under the first four Caliphs these institutions continued

in a rudimentary state. The Caliph {Khalifa, substitute

or successor) was elected by the Moslem community

;

and, after receiving from all its members the oath of

fidelity {Baia) which they were bound to take, united the

temporal and spiritual powers in his own hands. He was

at the same time high priest, ruler, and judge. He was

compelled, however, by the very extent of the empire to

delegate his powers to those agents {'Aniil, plural 'Ommdl)

whom he commissioned to represent him in the provinces.

The State revenues, which entered the public treasury

{Bait al-mdl), were composed—(1) of the tithe, or tax for

the poor {ZaMt), which every Moslem was bound to pay

;

(2) of the fifth, raised on all booty taken in war, the rest

being divided among the warriors
; (3) of the poU-tax

{Jizya) and the land-tax {Khardj), which only afi'ected non-

Moslem subjects. The Caliph administered the revenues

of the State at his own pleasure, applying them to the neces-

sities of war, to public works, to the payment of oflBcials,

to the support of the poor, and to the distribution of the

annual pensions, in which every Moslem had originally

a right to share. The State could possess landed property.

Under 'Omar I. we find that the pasture land belonging

to the State supported not less than forty thousand camels

and horses. To 'Omar I. was due the regulation of the

poll-tax by a fixed scale. The rich, whether Christians or

Jews, paid four dindrs (about thirty-two shillings) yearly

;

people of the middle class, two dlnArs; the poor, one

din^r. Besides this payment in money, the subject-races

had to make contributions in kind, intended for the

support of the troops. The land-tax consisted of a general

rent in proportion to the extent, character, and fertility of

the lands possessed by the conquered.

As the sums produced by these difi"erent imposts were The

often very considerable, it became necessary, as early as Diwto

the Caliphate of 'Omar I., to create a special oflice,

charged with the accounts of their expenditure. Its

organization was borrowed by 'Omar from the Persians,

and it retained its Persian name of DlwAn, a term after-

wards applied to all government ofiices. The Arabs at

that time being too illiterate for such employment, the

task of keeping the registers of the Dlwin was entrusted

to Greeks, Copts, and Persians. 'Omar also gave his

attention to the apportionment of the individual pensions

of the Faithful. Every one received a larger or smaller

sum according to the greater or less nearness of his con-

nexion with the family, or the tribe, of the Prophet.

Thus 'Aisha, who had been the favourite wife of

Mohammed, received a yearly pension of twelve thousand

dirhems;! the other widows of the Prophet only received

ten thousand. The Hashimites and Mottalibites, that is,

the members of the Prophet's family, also received ten

thousand dirhems. The Emigrants and the Defenders, or

those citizens of Mecca and Medina who had been the

first to embrace Islam, had five thousand dirhems; and

that was the sum which 'Omar I. allotted to himself.*

For every other Moslem of full age, the pension varied

from 4000 to 300 dirhems. We can easily imderstand

what an influence the hope of this pension must have

exerted on the conquered races, and how much it must

' The dirhem was equivalent to one franc.

' His moderation was not imitated by his successor 'Othmin, who

made it his principal object to enrich all the members of hji o»a

family at the expense of the rest of the Moslems.
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Lavo contributed to their conversion. On accepting Islam

they acquired a right to the pension, besides ceasing to pay

the land-tax and the poU-tai.

Even in the earliest days of Islam the Arabs were not

entirely devoid of military skill. Many of their tribes

had been brought into relations -with the Greeks and

I'ersians, and had acquired from them some ideas of the

art of war. Thus, i.'. the time of Mohammed, the division

of an army into a centre, right and left v,-ings, vanguard

and rearguard, -was understood, and the art of defend-

ing a camp or a city by entrenchments was also known.

The Arabs fought on foot, on horseback, and mounted

on camels. The arms of the infantry consisted of a

spear, a sword, and a shield, and sometimes also of

a bow and arrows. The horsemen fought chiefly with

the lance For defensive arms, besides the shield, the

Arabs were acquainted with the helmet, the coat of mail,

and the cuirass of leather covered with plates of iron.

It was not till the period of the Omayyads that thoy

began to employ military engines, such as the balista.

The army was divided by tribes ; and each tribe had its

flag, which consisted of a piece of cloth fastened to a

lance. As regards the recruitment of their armies, every

man able to carry arms was originally bound to render

military service. "Omar I., to whom Islam owes so

many of its institutions, was the first to divide his

armies into distinct corps, and to assign to each corps a

fixed station. These stations were the province ,of Cufa,

that of Basra, and afterwards the provinces of Emesa, of

the Jordan, and of Palestine. These provinces afterwards

became military colonies, all the inhabitants of which were

bound to render military service, as distinguished from

the other provinces, where service was optional, or at all

events regulated by the necessities of the moment.

Ceremo- With the accession of MoVwiya I. to the supreme power,
Ota)- the mechanism of the State was modified and became more

complicated. Mo'dwiya endeavoured to copy the cere-

monial of foreign courts. He built himself a palace at

Damascus, and set up a throne in the audience-chamber,

the door of which was kept by a chamberlain (Hdjib).

WTien he attended the service at the mosque, he occupied

a close pew vi-ith a grating in front (Maksiira). When
he left his palace, he was surrounded by a bodyguard
(S/ioiia), commanded bya provost (Sdhib al-Shorta). Lastly,

in his own lifetime, he caused his son Yazld to be acknow-

ledged as his heir-presumptive, and thus established the

principle of hereditary succession, which was opposed to

the spirit of Islam, and was the source of every kind of

Heredi- calamity. As regards the administration of the State,
tary sue-

j[o"/i^^ya acted at his own will and pleasure. Thus, in

order to secure the services of "Amr b. al-'As, the conqueror

of Egypt, he gave up to him the revenues of that province,

a part of which ought to have gone to the State. He also

took an important step with regard to the annual pensions

of the Faithful, which he reduced by about two and a half

per cent. The administration of the public funds in the
difierent provinces was left to their Prefects, who were
expected to pay into the public treasury only the surplus
of their respective revenues. The empire had been at first

divided into ten provinces—1. Syria (subdivided into four
Jond, or military districts) ; 2. Cufa, with Arabian 'Irdk

and Persian 'Irdk; 3. Basra, with Persia, Sijist^, Khordsin,
Bal.irain, and 'Omin ; 4. Armenia ; 5. Mecca ; 6. Medina

;

7. The Indian Marches; 8. Africa; 9. Egypt; 10. Yemen.
Mo'dwiya, however, subsequently thought proper to make
KhorAsin a separate province. Under his successors, and
according to the necessities of the moment, it was some-
times reunited to the government of 'Irilf. In 'Irik itself,

Mo'iwiya joined Basra and its dependencies to Cufa.

Under Mo'dwiya the Prefects had the most extensive

civil and miliUry powers. They had even the right of the

direct appointment of their Sub-Prefects. Mo'iwiya, not-

withstanding, thought it advisable to disconnect from

their powers the ofliccs of Judge {Kddi) and of Religious

Official (Imdm), which were entrusted to special function-

aries named directly by. the Caliph. The Caliph wa-s

however, always at liberty to modify these arrangements at

his own pleasure. Under the successors of Mo'd-nnya, we

find certain Prefects invested at the same time with the

dignities of Cadi and ImAm.

It was also to Mo'Awiya that the State owed the creation

of a Chancery (Diwdn al-akhtAm, or Seals-office), in which

all decrees proceeding from the Caliph were registered ; so

that, when once issued, these decrees could not be falsified.

Jlo'd-n-iya also exerted himself to ensure rapidity of com-

munication throughout the empire, by instituting the

courier-post {Bar'id), in imitation of the DOst of the

Persians and Byzantines.

After Mo'd-niya we must come down to the time of

'Abd al-Melik to meet with any important innovations in

Moslem institutions. Before the reign of that Caliph

the books of the public offices were kept by Christians

and Persians, and drawn up in Greek and Persian. 'Abd

al-Melik ordered the exclusive employment of the Arabic

language, and substituted Moslems for all the Christian

and Persian clerks in the government offices. It was this

same Caliph who founded the monetary system of Islam, Money

and who was the first to strike dindrs (pieces of gold

worth about ten francs), and dirhems (pieces of silver

worth about a franc), with legends in Arabic. The
postal system was also very much improved and developed

under this prince. 'Abd al-Melik was powerfully seconded

by the famous HajjAj, who was able to re-establish in

'Irdk the disputed principle of obligatory military service,

and who also succeeded, by skilful management, in raising

the condition of agriculture in that province WaUd, the

successor of 'Abd al-Melik, especially distingui-^ed himself

by the foundation of religious institutions. In his reign Rclfgioui

the mosque of Damascus, half of which had hitherto fo^nda-

remained in the hands of the Christians, was appropriated *'°''''

exclusively to the Moslems, and considerably embeUished.

Hospitals were also established for lepers, the poor, the

blind, and the sick. The pious 'Omar II. devoted all his

efforts to the embellishment of the mosque of Damascus.
An edict of 'Omar I. had forbidden Moslems to acquire

landed property, agriculture being considered an occupa-

tion unworthy of a free man. This law had fallen into

disuse ; but 'Omar 11. put it in force again, and declared

nuU and void every purchase of land made by a Moslem
subsequently to a.h. 100. The efi'ects of this law might
have been fatal to the empire ; but it again became
obsolete under the Caliphate of HishAm.
At the accession of the 'AbbAsida the centre of the

empire was displaced. Damascus fell from the rank of

its capital to that of a provincial town ; while BaghdAd,

a small and unknown village, became the mistress of the

world. Undc the first 'AbbAsid the empire—not includ-

ing the province of BaghdAd—was divided as follows :

—

1. The province of Cufa ; 2. The province of Basra, with the

district of the Tigris, Bahrain and 'OmAn ; 3. HijAz and
Yamdma; 4. Yemen; 5. Ahw.'i^; 6. FArsistAn; 7. KliorAsAn;

8. The province of Mosul ; 9. Mesopotamia, with Armenia
and AzerbaijAn; 10. Syria; 11. Egypt and the province

of Africa (Spain being a dependency of Africa) ; 12. Sind.

Al-SafTAli afterwards made Palestine a distinct province,

and separated Armenia and AzerbaijAn from Mesopotamia.
Still later, HAriin al-Rashld created a new province to the

north of Syria, which received the name of 'AwAsim. Each
newly-conquered province was always united to that one
of the older provinces to which it waa nearest.
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Simultaneously with the accession of the 'AbbAsids,

Persian influence began to preponderate. The Persian,

KhAlid b. Barmak, was entrusted with the administration

of the finances {Diwdn al-Khardj) by As-Saffah, who was

also the first Caliph who transferred the burden of public

afiuirs from himself to a Prime Minister (
Waztr, whence,

in European languages, the term Vizier). The title of

Wazlr was unknown to the Omayyads. The office of

Prime Minister was of Persian origin. It existed till the

time of the Caliph KAdi, when that of Amir al-Omard

was substituted for it." When the Caliphs had fallen

under the tutelage of the Buyids, it was the latter who

chose Viziers, leaving to the Caliphs only Secretaries

{RayU al-Ruivasd). Under the Seljulj Sultans the Caliphs

were again permitted to choose their own Viziers.

The institution of the office of Vizier was not the least

among the causes of the decadence of the Eastern Caliphate.

The 'AbbAsids gradually became unaccustomed to the

exercise of power and the management of affairs, and thus

lost all direct influence over "their subjects. Besides the

Minister of Finance and the Vizier, the 'AbbAsids created

another Important office, that of Postmaster-General {Sdhib

al-Bar'id), whose duty it was to collect at a central office

all the information which arrived from the provinces, and

Adminis- to transmit it to the Prime Minister. Thus the adminis-

tratito trative services were greatly extended under the 'AbbAsids.

•"Vices, rjijjgy ^gj.g subdivided as follows:—!. Diu'dn al-Khardj, or

Ministry of Finance; 2. Diwdn al-Piyd\ or Bureau of

State property ; 3. D'mdn al-Zimdm, Registry Office or

Exchequer Office ; 4. Diivdn al-Jond, or Ministry of War

;

5. Nazar al-Mazdlim, or Court of Appeal ; 6. Diivdn al-

Maivdh wal-Ghilmdn, or Bureau of the freedmen and slaves

of the Caliphs ; 7. Diwdn Zimdm al-Nafahdt, or Office of

Expenditure ; 8. Diwdn al-Barid, or Office of the Posts

;

9. Diivdn al-Rasdil, or Office of Correspondence; 10.

Diwdn al-Tauht, or Office of the Imperial Seal, and of the

registration of official documents. There were also offices

for the despatch and reception of official documents, and

for the inspection of weights and measiures.

Organi- We cannot better conclude this brief summary of the

tRtiou of institutions of the Caliphate than by giving a sketch of

the State,
^j^g organization of the State, according to the Moslem

authors themselves.

OaUpli. The supreme chief received the title of Caliph, or of

Commander of the Faithful (Amli- al-Mo'minin). He
united in his own person all the powers of the State ;

his

Ministers and all public functionaries acted only by virtue

of a commission from him. They, like all other Moslems,

were at the mercy of the Caliph, who had power of life

and death over them. As spiritual chief, the Caliph was

also the supreme judge in questions of dogma. In theory

he held his powers by the free choice of the majority of

Moslems ) but, when he had once received their oath of

allegiance, he bec?me their absolute master. The first

condition of eligibility to the Caliphate was to belong to

the tribe of Koraish. In xMoslem belief, the subjects of

the Caliph owed him obedienoe and aid so long as he

should fulfil his duties with exactness. These consisted

in maintaining the principles of religion, in administering

justice scrupulously, in defending the territory and assur-

b" its safety, in carrying on war for the subjugation

of^'tho infidels, and in spending the public revenue in

conformity to the law. If the Caliph failed in the

performance of his duty, rebellion against him became

lawfuL.
, J ^ Tf

The Ministers might be absolute or dependent. 11

dependent, they simply executed the orders cf their

sovereign. If absolute, they took his place, and exercised

ill tbe^powers of a Caliph except that they could not, at

ieast in theory, designate any successor to the reifining.

Caliph. It was only to the Calii)h himsell that they were

responsible for their actions.

The Prefects, when once appointed, whether by the

Caliph or the Vizier, became so many petty sovereigns,

and, legally, owed an account of their aceion.=i only to the

Caliph, or to his Prime Minister, when thd latter was*

absolute.

The Generals were appointed either by the Ci\liph or by

the Vizier, or lastly by the Prefect, when only r, local war

was in question. They were sometimes invested with

very extensive powers, such as those of concludiiig treaties

of peace, of administering justice, and of di voiding the

booiy. The General, in his turn, appointed tie officers

{Nah'ihs) and under-officers (^Arifs). It was a general

order that infidels, before hostilities against tLem were

opened, should be summoned to embrace the faith, or to

submit by capitulation. The conversion of infiJcls was

valid, even when effected sword in hand, on the field of.

battle, and the new convert became inviolable i^i person

and property. On the other hand, every infidel taken

prisoner was sold as a slave, with his wife and children.

He might even be put to death. Apostates were never to

be spared ; they were put to death, and their property

confiscated.

Jastice was administered by Cadis, appointed either by Cadi?.

the Caliph, by the Vizier, or by the Prefect. To be eligible

as a Cadi (Kddi), it was requisite that a man should

be—1. A male and of respectable age; 2. In full pos-

session of his mental and physical faculties ; 3. A free

man ; i. A Moslem ; 5. Of good moral character

;

6. Acquainted with the principles of the law and their

application. The duties of the Cadi were to examine into

the disputes and lawsuits brought before him ; to enforce

the execution of his judgments; to name judicial councils

for the administration of the goods of minors, madmen,

etc.; to administer the mortmain property of mosques and

schools (wakf, plural wu/cm/) ; to watch over the execution

of wills ; to' inflict due legal penalties on those guilty of

crimes or misdemeanours ; ^ and to inspect the highways

and public buildings. When any locality possessed no

ImAm, or public officiator at the mosque, it was the Cadi

who performed this duty. The assistants of the Cadi

were Notaries (Shohicd), Secretaries {Omand), and Deputies

{Ndyihin). If the Cadi died, his subordinates lost their

offices ipso facto. On the other hand, the death of a

Caliph did not nullify the powers of the Cadi ;
but it was

necessary that ho should be confirmed by the new sove-

reign. . . J
The Court of Appeal {Fazar al-Mazdlim) was instituted Conrttf

to take cognizance of those causes in which the parties A^PPe*"-

concerned appealed from the judgment of the Cadi. The

sittings of this court were presided over by the Caliph in

person. It was established by the Omayyad 'Abd al-Melik.

The last Caliph who sat in public to examine appeal cases

was MohtadL After him a special judge was appointed to

the function of president of the Court of Appeal

Besides the Judges there were Inspectors {Mohtanh),

charged with the police of the markets and the caro of

morals. The Mohtasib's duty was to take care that

weights and measures were not falsified, and that buyers

were not deceived as to the quaUty of the goods sold. He

had the power of inflicting summary punishment on deUn-

quents, but only in the case of flagrant offences. U the

person charged denied the facts, he was to be brought

before the Cadi. As regards morals, the Mohtasib took

care that widows and divorced women should not remaiTy

before the expiration of the legal period prescribed by the

» The principal offences were—apostasy, neglect of religions duties

refusal to pay taxes, theft, «iultery, outrages and murder. Th.

peaalUes were impria«nment, fines, corporal punishment, and dcitS.
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Koran. Slaves and beasts of btirden Tvere placed under

his guardianship, and he protected them from ill-treatment

on the part of their masters. The Mohtasib was also

commissioned to prevent public scandals, such as' the sale

of wine ; to forbid Christians and Jews from building

houses higher than those of the Faithful ; and to enforce

their wearing on their dress a distinctive mark {Ghiydr).

Besides the offices already described, there existed three

others which require mention—those of the Marshals of

the Nobility {Nikdbal al-Ashrdf), of the Imdms, and of the

Emirs of the Pilgrimage.

The Marshals of the Nobility were appointed in the

different provinces either by the Caliph, by his represent-

atives, or by the Grand Marshal. Their functions were

to superintend the descendants of the family of the

Prophet, who formed the nobility of Islam, and to keep a

register of all the births and deaths which occurred in the

families of the members of this nobility. In every pro-

vince there were two Marshals, one for the family of "All,

the other for the 'Abbdsids.

Imim. The duty of the Imdm was to recite the public prayers

in the mosque. He was appointed by the Caliph or his

representatives, and chose in his turn his Mo'edhdhins,

who called the Faithful to prayer from the tops of the

minarets. In the Friday prayers it was the duty of the

Imdm to invoke publicly the blessings of Heaven on the

reigning Caliph.

Leader of The leadership of the yearly pilgrimage to the temple

the Hajj. of Mecca was considered a great honour. It was almost

always the Caliph himself or one of his near relatives who

assumed the function of Amir al-Hajj. The duties of this

leader of the pilgrimage were—1. To escort the pilgrims in

safety on their journeys to Mecca and back ; 2. To direct

the religions ceremonies during the sojourn of the pilgrims

at the Holy City.

Such; briefly stated, was the organization of the Moslem

State. Let us now say a few words on its religion.

Religioa We need not now recur to the subject of the doctrines

of Mohammed, which are treated of in their own place

;

but it is important to show what they became after the

time of the Prophet, and what movements they aroused

in Islam. The diversity of the conquered races was of

itself sufficient to introduce, in the course of ages, serious

modifications of the earlier religion.

But, from the very first, the Koran contained within

itself the germs of discord. As long as men were content

to adopt its teachings without discussion, orthodoxy might

boast of maintaining itself unbroken. But as soon as they

sought to examine deeply into its meaning,' difficulties

arose, which necessarily led the strongest minds into

doubt and uncertainty. In particular, the. conception of

God, predestination, and free-will, as presented by the

Koran, could not bear examination. As early as the first

century of the Flight a theological school was founded at

Basra, the most renowned master of which, Haaan al-

Basrl, introduced the critical study of dogmas. His dis-

ciples, who were for the most part Persians, could not fail

soon to discover that the Koran often contradicted itself,

and especially that it left many dogmatic difficulties unre-

solved. One of the disciples of Hasan, Wdsil b. 'AtA, set

forth his scruples publicly, departing on three points from

the orthodox doctrine The Koran affirms the attributes

of God ; Wiisil b. 'AU denied them ; because, he says, if

the attributes of God are eternal, they constitute in some

sort so many' deities. We ought not therefore to affirm

the existence of an attribute—that of justice, for example

—but simply to affirm that God is essentially just. The
Koran admits the doctrine of predestination ; WAsil

rejected it, as incompatible with tlie theory of rewards

and punishments in another life, which presumes absolute

free-will in mau. The Koran speaks only of paradise and

heU ; Wdsil admitted a purgatory. The sect founded by
Wisil received the name of Slo'tazilite (dissident), or Mo't«*>,',

Kadarite, that is to say, which recognizes in man a power li'"'-

(Kadar) over his own actions. Another sect, that of the

Jabarites (Partisans of constraint) agreed with the Mo'tazi- Jabt

lites on the question of the attributes, but were diametri- ""Uea

cally opposed to th£m on that of fres-Ti-ill. The Jabarites

denied to man the slightest share in his own actions, and

believed the very smallest actions of men to be the effect

of predestination. The Koran, not concerning itself with

the contradiction involved, admits at the same time the

responsibility of man and the absolute predestination of

his actions. The Jabarites rejected all responsibility, and

belisvsd that man is predestined from all eternity to para-

dise or to hell, for no other reason than that God has ed

willed it. A third sect, that of the Sifatites (Partisans of

the Attributes), contended energetically against the two

former. Keeping to the. text of the sacred book, they

alleged, for example, that when it is said in the Koran

that God is seated on his throne, the expression must be

taken literally. They thus fell into the grossest anthropo-

morphism, a doctrine which was very far from the ideas of

Mohammed. In the face of these heterodox sects, the

orthodox made but a poor figure. Rejecting, in their

commentaries on the Koran', the explanations alike of the

Mo'tazilites, of the Jabarites, and of the Sifatites, but

acknowledging their inability to refute them systemati-

cally, they merely opposed to them a declaration that the

Koran was neither to be explained allegoricallynor alwa'ys

taken literally ; and they concluded that, where two con-

tradictory expressions could not be reconciled, a mystery

must be admitted to exist, which it would be vain to

attempt to fathom. But they did not always keep within

the limits of discussion. Under the reign of 'Abd al-

Melik they succeeded in bringing about a persecution of

the sectaries.

The Mo'tazilites, the Jabarites, and the Sifatitss were
dangerous only to the Church. Other sects arose, which
put the State itself in perO. It will be remembered that,

at the time of the dispute between 'All and Mo'iwiya,

twelve thousand of the partisans of the former deserted

him. These revolters, or Khirijites, originated one of the Khin
most formidable sects which ever existed in Islam, The J"^"-

Khdrijites rejected in principle the Caliphate and the

Imdmate. At all events, they did not acknowledge the

exclusive right of the Koraish to the Caliphate, but

declared that, if it was absolutely necessary to elect a
Caliph, his origin was of little consequence, provided he
fulfilled his duties conscientiously and exactly. We have
seen for what a length of time they kept the Omayyads
in check. When they had been put down in Asia, they
passed into Africa, and there made numerous proselytes

among the Berbers, disposed as these were, by their

independent character, to adopt with enthusiasm the

principle of anarchy. The most terrible, howgver, of the

militant sects which were formed in the bosom of Islam
was that of the Shfites. Originally the ShI'ites were
simply the partisans of 'All and of his descendants. In
the course of time, when the whole of Persia had adopted
the cause of the family of 'AK, Shl'ism became the recep-

tacle of all the religious ideas of the Persians, and Dualism,
Gnosticism, ,and Manicheisrd, were to be seen reflected in

it. Even in the lifetime of 'All, a converted Jew, named
'AbdalL'ih b. Sabd, had striven to introduce foreign

elements into Islam. Thus, he alleged that 'All was to be
adored as an incarnation of the Deity. These ideas,

though rejected with horror by 'All himself, and by the

greater part of the first Sh Cites, gradually made way ; and
all the direct descendants of 'All became veritable deities in
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the eyei of their respective partisans. A further disfinc-

tioE between the Shfites and other sects is, that they

introduced the practice of giving the Koran an allegorical

interpretation. This system permitted them to see in the

eacred book whatever meaning they chose, and was carried

out «kt -i later date, as we shall see, by the founder of the

Ismaiii&n sect.

Under the "AbbAsida It seemed tor a moment that the

Shfite doctrin3s were about to triumph. We know, in

fact, that the founder of that dynasty gave himself out as

the heir of the house of 'AIL But reasons of State

prevailed, and the 'AbbAsids, false to their first professions,

on the whole supported orthodoxy. Under their reign

were established the four orthodox sects— ilAlikite,

Hanafite, Shifi'ite, and Hanbalite, which even at this day

divide between them the whole Moslem world. They are

named after their founders—JUlik, Abii Hanlfa, Shdfi'!, and

Ibn HanbaL These sects only differ from each other on a

few points of civil and religious j urisprudence. They agree

on questions of dogma. It was not, however, without

difficulty that orthodoxy succeeded in obtaining the

Victory. Under Ma'miln and other Caliphs several doctors,

as we have seen, were persecuted for believing that the

Koran was the uncreated word of God. From the time

of Motawakkil, however, orxbodoxy regained the upper

hand. Still, this reaction would not have lasted long, in

face of the advance in science which marked the accession

of Ma'mAn to power, if the orthodox had had no other

defensive weapons than material force and the assent of

the majority. As philosophy made its way in Islam,

thanks to the translations from Greek authors, which

were made principally during the Caliphate of Ma'mlin,^ it

called forth in men's minds a movement of scientific curiosity

which might have been fatal to orthodoxy. In the tenth

century of our era a society of encyclopedists was formed at

Basra, who, under the name of IkhwAn al-SafA, or Brothers of

Purity, put forth a number of very curious treatises, in

which all sorts of physical and metaphysical questions were

discussed and resolved in a scientific manner.^ There is no

doubt that these lucid and attractive writings would have

led to a great religious revolution, if the orthodox had not

iinderstood the danger of their position, and applied

themselves also to the study of philosophy, for the pur-

pose of employing it in the service of \he faith. It was

thus that, towards the middle of -the tenth century, a

certain Abii '1-Hasan al-Ash'arl, a descendant of that Abii

Miisi al-Ash'arl sho had formerly acted the part of

arbitrator in the dispute between Mo'iiwlya and 'All,

struck out a system in which religion appeared to be

reconcOed with philosophy; a system which was natur-

ally sure to attract all commonplace minds—that is to say,

the greater number. Ash'arism, or philosophic theology

(KalAm), was adopted with enthusiasm by the triumphant

orthodox doctors, and thenceforth pure philosophy and the

heterodox sects ceased to extend their influence.^

The creation, however, of this philosophical theology

had not done away with all dangers for orthodoxy. We
have seen above that the Shi'a were divided into several

eects, each holding for one of the direct descendants of

'AU, and paying him the reverence due to a deity. One of

these sects, called the Ismailian, because it acknowledged

Ismd'fl, the seventh Imdm or Pontiff of the posterity of

'All, as its chief, was the source of the greatest disorders

in the Moslem empire, and was not far from being

triumphant in Asia, as it was for a long time in Egypt.

The Tam ftiliBTifl, like all the other Shi'ites, believed in the

1 Tbe moat Important have been translated into German by Prof.

Sieterici.
• See Uontsma, Df Sirijd over het aogma <» a<n itiAm tot qp el-

AA'ari; and Spitta, Zur OeachichU Abu'l-Batan ai-Mari's.
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coming of a Messiah, whom they called the Mahdl, and

who, according to them, was one day to appear on earth,

in order to establish the reign of justice and equity, and

to take vengeance on the oppressors of the family of 'Ali.

They also believed in a God of far more elevated character

than the God of the Koran, one who was. unapproachable

by human reason, and who had created the universe, not

directly, but by the intermediate action of a sublime

being, the Universal Reason, produced by an act of God's

will. The Universal Reason, in its turn, had produced

the Universal Soul, which, on its part, bad given birth to

primitive Matter, to Space, and to Time. These five

principles were the causes of the universe. Man, emanating

from them, had a tendency to reascend towards his source.

The chief end of his being was to attain to perfect union

with the Universal Reason.^ But, left to himself, man
would nave been powerless to attain this end. The

Universal Reason and the Universal Soul therefore became

incarnate among men, in order to guide them towards

the light. These incarnations were no other than the

prophets in all ages, and, in the last period, the ImAms of

the posterity of 'AH, In the second half of the ninth

century, a Persian, bom in Susiana and named 'Abdallih

b. Jlaimiln al-KaddAh, nourished the dream of destroying

Islam, and thought these doctrines, suitably modified,

likely to be highly useful in carrying out his purpose.

He devised a system at once religious, philosophical,

political, and social, in which, as he thought, all beliefs

were to meet and mingle, but—and in this consisted its

originality—a system so graduated to suit different

degrees of intelligence, that the whole world should

become one vast JIasonic association. The chief of the

Ismailians, the Imim IsmA'fl, having died, 'Abdallih

asserted that his son Mohammed b. IsmA'fl was to succeed

him as the founder of this new religion, wliich_ it was

'Abdall^'s mission to announce to the world. Since the

creatioa of the world, as "Abdalliih asserted,
_

there had

been six religious periods, each marked by an incarnation

of the Universal Reason in the person of a prophet.

Adam, Noah, Abraham, Moses, Jesus, and Mohammed
had been the prophets of these periods. Their mission had

been to invite men to accept more and more perfect forms

of religion. The seventh and last religion, and the most

perfect of all, was that of .Mohammed b. Ismi'fl, the true

Messiah. The Ismailians, as may be imagined, readily

embraced the theories of 'Abdallih. In addressing other

sects and religions, "AbdalLlh used special arguments

with each. With the philosophers he dwelt on the

philosophical principles of his doctrine. The conversion

of Christians, Moslems, or Jews, was a more difficult

task. 'Abdalldh had established several degrees of initia-

tion, and it was only by slow degrees, and with the most

minute precautions, that he gained a mastery over the

mind of the future proselyte. His curiosity was first

aroused by allegorical interpretations of the Old Testament,

the Gospels, and the Koran, and by proposing to him reli-

gious problems which could not be solved by any of the

existing religions. The solution of these problems was not

to be given to him till he should have signed a compact,

and sworn never to reveal the mysteries with which he

was made acquainted. If he took this pledge, he thence-

forward belonged, body and soul, to the sect ; and woe to

him if he made any attempt to vsdthdraw himself from the

authority of his chiefs 1 The compact signed, the newly-

initiated disciple had to make a certain payment, which

went to swell the treasury of "the sect. The secret society

• It need hardly be said that aU these doctrines were borrowed

from Gnosticism and from Neo-Platonism. See on thy Ismailian sert

Guyard, Fragments rOatt/i i la doctriw det IsvMibens, and Un grand,

maiire des Assassins au temps de Saladin.
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founded by 'Abdallih Boon bad a great number of mem-
bers, and its missionaries spread themselves over the

Moslem world. Towards 887 a.d. an Ismailian, Hamd^n,
surnamed Karmat, founded the branch sect of the Carma-
thians, whose exploits have been recorded above. The
Ismailian preachers also made numerous proselytes in

Africa and in Egypt ; and in a.d. 909, 'Obaid AlUh, a

descendant of the founder of the sect, but who passed as a

member of the family of 'All, founded the Fitimite dynasty.

Under the Fdtimite Caliph Hdkim, a new religion sprang

out of Ismailism, that of the Druses, so called from its

inventor, a certain Darazi or Dorzl. This religion differs

little from Ismailism, except that it introduces the dogma of

the incarnati'^Pi of God himself on earth, under the form of

the Caliph Hikim. This heresy did not survive ',he reign of

]E&kim in Egypt. When the Fdtimite Caliph Mostansir

ascended the throne, he re-established the Ismailian belief

;

and the Druses, driven from Egypt, took refuge in the

Lebanon, where they still exist. As for the Egyptian

Ismailians, they disappeared at the time of the conquest

of that province by the pious and orthodox Ayy^ibite

Saladin. This, however, was not a final deliverance of

Islam from that formidable heresy. A hundred years

before the return of Egypt to orthodoxy, a Persian named
Hasan Sabbdh, who had been initiated into Ismailism

at Cairo, in the household of the Ca'iph Mostansir, had
founded at Alamit, on the southern shores of the Caspian

Sea, that Persian branch of the Ismailians known to all

the world under the name of the Assassins,' who held in

check the most powerful princes of Islam, till they were

destroyed by the Mongol invasion. From Persia, Hasan
^abbdh succeeded in fillipg Syria with his Assassins, and
every one knows the part they played during the Crusades.

The Assassins of Syria' have never entirely disappeared.

Even at this day some are to be found in the Lebanon.

There ace also some representatives of the sect ia Persia,

in India, and even in Zanzibar ; but since the 13th century

they have become completely inoffensive.

To conclude this sketch of the development of relie^ous

beliefs, it remains to say a few words on one of the most
remarkable manifestations of Islam—its mysticism, or

Siifism. In principle, mysticism is rather a mode of

practising religion than a distinct religion ; it depends on
the character of .the believer's mind, and adapts itself to

all dogmas.* It is the especial tendency of tender and
dreamy spirits. Thus among the Moslems it is a woman
who is considered to have founded mysticism. This woman,
named Rabl'a, lived in the first century of the Hijra, and
was buried at Jerusalem. Her doctrine was simply the

theory of Divine love. She taught that God must be
loved above all things, because he alone is worthy of love

;

and that everything here below must be sacrificed in the

hope of one day attaining to uniot) with God. These
views were too similar to the Neo-Platonic ideas respecting

the union of the htiman intellect with the Universal Reason
not to have an attraction for the Gnostics, who abounded
in the Shfite sects. Mysticism therefore made great pro-

gress in Persia, and assumed the character of a sect towards

the year 200 of the Flight. A certain Ab\i Sa'ld b. Abl '1-

Khair was the first who advised his disciples to forsake

the world and embrace a monastic life, in order to devote

themselves exclusively to meditation and contemplation
;

a practice which may very probably have been borrowed

from India. The disciples of Abii Sa'ld wore a garment

of wool (<?«/)> whence they received the name of Sufis.

gdfism spread more and more in Persia, and was enthusi-

* From ffashiakirif or eat«r3 of f/ashish—rthat is. Cannabis Indica.

' See Ouyard, " 'Abd ar-Razzik et son tmiti do la prt^dcstination et

du libre arbitre," /ottm. (utdA, Feb.-Mar, 1-873; Dozy, Btl Itiamiamt,

8d ed. 1880.

astically embraced by those who wished tr give themselves

up undisturbed to philosophical speculation. Thus, under

the colour of S<ifism, opinions entirely subversive of the

faith of Islam were professed. In its first form Svifism

was quite compatible with Moslem dogma. It was satis-

fied to profess a contempt for life, and an exclusive love of

God, and to extol ascetic practices, as the fittest means of

procuring those states of ecstasy during which the soul was

supposed to contemplate the Supreme Being face to face.

But by degrees, thanks to the adepts whom it drew from

the ranks of heterodoxy, Siifism aeparted from its original

purpose, and entered on discussions respecting the Divina

nature, which in some cases finally led to Pantheism.

The principal argument of these Pantheistic §ilfIs was that

God being one, the creation must make a part of his

being; since otherwise it would exist externally to him,

and would form a principle distinct from him ; which

would be equivalent to looking on the universe as a deity

opposed to God. In the reign of Moktadir, a Persian Siiff

named Halldj, who taught publicly that every man is God,

was tortured and put to death. After this the Siifls showed

more caution, and veiled their teachings under oratorical

phrases. Moreover, it was not all the f^iifis who pushed

logical results so far as to assert that man is God. Thej^

maintained that God is all, but not that all is God. S<^fism

exists in Persia even in our ©wn day.

It has been explained that, under the 'Abbisids, four

-orthodox sects were established, and that these sects

differed among themselves principally with regard to juris-

prudence. The law of Islam is one of its most original

creations, and can only be compared in history with the

development of Roman law. The laws laid do\vn by
Mohammed in the Koran might sufiice for the Arabs as

long as they were confined within the bounds of their

peninsula. When their empire was extended beyond these

limits, it was irievitable that this first code «hould become
insufficient for their wants. As early as the time of the

first four Caliphs it was necessary, in giving judgment
on the new cases which presented themselves, to have re-

course to analogy, and to draw inspiration from decisions

given by Mohammed, but not recorded in the Koran. The
fiist fountains, therefore, of law were, besides the sacred

book, the traditions of Mohammed, or Hid'dh, the collective The

body of •which constitutes the Sunna, or custom. These Hadftt,

traditions were for a long time preserved only in the
memory of the companions of Mohammed, and of those to
whom they had been orally communicated. But at the
beginning of the second century of the Flight the need
was felt of fixing tradition in writing; and it was at
Medina that the first collection of t"hem was made. It

was due to the jurisconsult MAlik b. Anas. He rejected MAiik

from his collection with the greatest care all traditions""''*''*,
whicli appeared doubtful, and only preserved about seven- yg°°J
teen hundred, which he arranged in the order of their

*' '*

subjects. To this collection he gave the name of Mowalta,
or Beaten Path.^ After him came the celebrated Bokhkrl,
the compiler of the Sahih,* in which he brought together
about seven thousand traditions, carefully chosen. The
^ahih has continued to be the standard w ork on the subject
of tradition.

The traditions did not always supply the ttieans of
deciding difficult causes. The first four Caliphs were
often obliged to have recourse to their own judgment in
the administration of justice. Their decisions ('Athdr)
were also collected at Medina, and helped to swell the
store of juridical matter.

1 Published at Tunis, in India, and at Cairo, i.H. 1280, with the
commentary of Zarkdnf.

* Krclil's edition (Leyden) is still unfinished. An edition, fullr
vocalised, in 8 vols., appeared at B\il4k, a.h. 1296.
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In 'Irik another school of law was formed, which is

distinguished from that of Medina by a greater degree of

independence. While the lawyers of Medina held strictly

to the Koran, the traditions of the Prophet, ind the

'Athiir, those of 'Irik admitted, in addition to these, the

deductive or analogical method {Kiyds), according to

which it was lawful to create precedents, provided there

was no departure from the spirit of the sacred book, from
the traditions of the Prophet, or from the corresponding

decisions of the first four Caliphs. Ibn Abl Laila, who
filled the office of judge in 'Irih: under the caliphate

of Mansiir, was one of the first to apply this system.

His renown, however, was eclipsed by that of his con-

temporary Abii Hanlfa, who worked out a complete system
of jurisprudence, with which his name has continued to

be connected (Hanifite law). Fifty years after the death

of Abil Hanlfa, Shifi'i, a pupil of MAlik, appeared at

Baghdid, and founded in his turn an intermediate system,

in which he endeavoured to hold an equal balance be-

tween the purely traditional and the deductive methods.

The fourth system reputed orthodox is that of Ibn Hanbal,

a pupU of Shifi'l. Ibn Hanbal strove above all things to

bring back religious observances to their primitive purity.

His doctrine was a kind of puritanism. As may be sup-

posed,- each of these systems has been subsequently deve-

loped and commented on in a multitude of works, .even

the names of which it is impossible to enumerate. In
order, however, to give some idea of what a Moslem
treatise on jurisprudence is, we shall point out the principal

subjects contained in it. It treats successively— 1. Of
Purification (ablutions commanded by the law, purification

of women, circumcision, etc.) ; 2. Of Prayvjr as commanded
by the law ; 3. Of Funerals ; 4. Of Tithe and Almsgiving

;

6. Of the legal Fast ; 6. Of the Pilgrimage to Mecca ; 7.

Of Commercial and other transactions ; 8. Of Inheritance

;

9. Of Marriage and Divorce; 10. Of the Faith ; 11. Of
Crimes and Misdemeanours ; 12. Of Justice ; 13. Of the

Imdmate or spiritual power, and of the Caliphate or tem-

poral power. It is thus a complete code, religious, civil,

penal, and governmental, that Moslem treatises on juris-

prudence set before us ; a code which embraces and foresees

all the circumstances both of public and private life.

Scienca The development of science and literature runs parallel

»nd with the development of law. Before the time of
letters. Mohammed the Arabs had been distinjiiished only by

a rare poetical talent. Islam was the signal for the

springing up of all the sciences and of literature. While
the study of the dogmas and ordinances of the Koran
was producing theology and jurisprudence, the necessity

'
of preserving the exact text of the sacred book, and of

teaching the new converts the language of the Prophet,

was giving birth to grammar and lexicography. The first

school of grammar was established at Basra. The first

attempts at grammar are generally attributed to a certain

Abil '1-Aswad al-Do'ali, who was tutor to the children of

ZiyAd, the brother of Mo'Awiya. According, however,

to some authors, the honour of having discovered the

first elements of grammar ought to be attributed to a

Persian, named 'Abd al-Rahm4n b. Hormdz. Bo this as

it may, ' a foreign influence must be recognized at the

very commencement of this science. The vowel marks,

for instance, were imitated from those of the Syriac. The

division of the parts of speech into nouns, verbs, and

particles was indirectly borrowed from Greek grammar.

Yet the Moslems, once in possession of the principles of

grammar, knew how to develop and apply them in an

admirable manner. A perfect galaxy of grammarians

arose in the track of Abii '1-Aswad ; a rival school to that

of Basra was established at Cufa, and grammar attained

its highest degree of perfection imder the first "Abbisids
;

as is shown by the voluminous treatise of Sfbawaihi, known
under the name of Kitdb,^ or the Book par excellence.

In lexicography, the Arabs were at first content to ex-

plain the rarer words of the Koran, of the traditions, and
of the ancient poems ; and to collect lists of terms applying
to the same object, as the camel, the horse, the sword, etc.

Thus small collections were formed, which served afterwards

for the composition of dictionaries. The first dictionary

properly so called, composed in Arabic, appears to have
been the Kitdb ai-'Ain of Khalll b. Ahmed al-Far4hidi, a
contemporary of HAnin al-Rashld. After him came Jauharl,

whose Sahdh may still be consulted with profit. The cele-

brated Zamakhsharl composed a dictionary of metaphors
under the title of Asds al-Bcddgka. Lastly, Tha'ilibl, in

the 11th century of our era, drew up his Fikk al-Logka,^

a work specially devoted to synonyms. The accessory

branches of philology gave occasion to some important
works. The ancient poems and proverbs were collected

and commented on. Thus Abii Taramim formed his Antho-
logy, called Hamasa {q.v.), and Maidinl his collection of

proverbs {Kitdb amthdl al-Arab).'^ The study of poetry^

with special regard to its rhythm, led Khalll b. Ahmed,
already mentioned as a grammarian and lexicographer, to-

the conception of prosody. He wrote the first treatise on
that science, which served as a model to all subsequent
writers on metre.* Pure literature remained confined te

poetry. It was not that the Arabs were without any
conception of the romance, the tale, or the novel. The
adventures of Antar, the romances of Dhi '1-Himma and
of Salf al-Yazan, the Thousand and one Nights, and
various collections of stories and novels, such as the Faraj
ba'da 'l-Shidda and the compilation of Bilf^'l, well known
by the extracts which Kosegarten has given in his Chres-

tomathy ;—all these show clearly that the Arabs were not
devoid of imagination, at least if, as we believe, these tales

and romances were not pure and simple imitations from
the Persian. It must be acknowledged, however, that these

few productions do not, any more than the Makdmdt of
HamadhAni and of Hariri, constitute a very important
literature. The drama, the epic, the romance of character,

were absolutely unknown to the Arabs. Poetry, on the
other hand, an endowment of the ancient Arabs, continued
to live and flourish as long as the Eastern Caliphate lasted.

We may count poets by the hundred, eminent in every

department of that art : in descriptive, erotic, martial, and
philosophic poetry ; in odes, in satires, etc. The great

collection entitled Kitdb al-Aghdni,^ compiled by IsfahAnl,

contains a choice of the finest poems, accompanied by very

instructive notices of the poets, and of the circumstances

under which they composed such and such pieces. Besides

this, many Dlwins, or complete editions of the works of

poets, have come down to us. They bear the celebrated

names of Ndbigha, of 'Antara, of Tarafa, of Zohair, of

'Alkama, of Amraalkais, of Shanfara, of Labfd, in the pre-

Islamic period (see Mo'allakat); of Jarlr, Akhtal, and
Farazdak,^ in the Omayyad period ; and of Abii NowAs,^
Abu 'l-'AtAhiya, Moslim,* Motaxabbi' {q.v.), and Abii '1-

"Aldi,9 in the period of the 'Abbisids. And this list con-

tains only the most illustrious nam"fe.

1 The first part of which has just been published by H. Derenbourg
(Paris, 1882). ' Published by Roshaid Dahdah.

» Translated by Freytag (Bonn, 1838-43), with the Arabic text of

the proverbs, * See Freytag, Arabisch* Verskunst.
' Published at B'ilak, a.h. 1285 (20 vols ) See also Kosegarten,

AH Ispahanensxs liber cantilenarum, torn :. Orcifswald, 1840.
• See Caussin de Perceval in the Journal asiatijtie, 2d ser. , vols,

xiii. xiv.

' See Ahlwardt, Die Weingedichle du Abu Xumu (Grelfswald,

1861), and, for a Cairo edition, Z. D. M Q., iii. 074.
' Edited by De Goeje.

' See Rieu, De Abul-Ala: viia et carminibutr and Kremer in

Z. D. M. O., xiix., XII., xixi.
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With the accession of the "AbbAsids to power, Moslem

culture entered on a path fruitful in scientific progress.

The secand Caliph of that family, Mansiir, was surrounded

by Syrian Christians of great learning, and equally well

acquainted with the Greek, Syriac, and Arabic languages,

and took advantage of their abilities to have a number of

foreign books translated into Arabic. Thanks to him, the

writings of Aristotle, Ptolemy, and Euclid spread a taste

for Bcience among the Moslems. The Caliph Ma'mUn

was one of those who most encouraged translations from

the Greek. In this way the Moslems became acquainted

with the most important productions of the ancient world,

riato, the works of the Alexandrian school, those of Hip-

pocrates, Dioscorides, and Galen, were familiar to them.

Through the Persians many Indian wTitings also became

accessible to them, such as the fables of Bidpai,' and certain

treatises on astronomy and algebra. The study of philo-

sophy in all its branches was at one time in fashion, and,

to appreciate the success with which it was cultivated in

lalam, we need only recall the great names of Al-Kindi,

Al-Fdr4b(, Ibn Slnii (Avicenna), Ibn BijA (Avempace), and

Ibn Robhd (Averroes), whose scientific teaching swayed

the Middle Ages, and led to the revival of learning in the

"West.

In history and geography the Moslems distinguished

themselves. The taste for history had been developed

among them by the necessity of collecting all traditions

relating to the Prophet, and by that of preserving their owti

genealogies. The study of. geography was a result of their

conquests. One of their most ancient historical productions

was the biography of Mohammed, composed by Mohammed

b. IshAk under the caliphate of Mansiir. Wikidi, another

author of the 8th century of our era, compiled a history of

the first Moslem conquests. At a later period, Balidhorl

wrote on the same subject his Kitdb Fotuh al-Bolddn"

General history also soon became a subject of study, and,

in the 9th century After Christ, Ibn Kotaiba compiled

Lis Kildh al-Ma'drif,"^ a treatise on universal history. In

the 10th century two great historians flourished, Tabarl

and Mas'iidl, by the first of whom we have a very extensive

chronicle,* and by the second a general history, entitled

Monij al-Dhahah (see MAs'iiDi). After them came a perfect

galaxy of well-known historians and biographers, such as

Haniza of IsfahAn, Ibn al-TiktaljA, Nowairl, Makrlzf, Abii

'i-FidA, Abii '1-Faraj, Al-!*Iak(n, Ibn al-Athir, Soyutl, and Ibn

Khaldiin,* not to speak of many others who compiled local

chronicles and histories, such as those of Mecca, Medina,

Damascus, and BaghdAd. As biographers, Nawawl and

Ibn KhallikAn ' are celebrated. The history of physicians

and philosophers, by Ibn Abi Osaibiya, deserves to be

placed in the first rank, side by side with the history of

religions and sects by Shahrastdnl.''

The Moslems were not less active in the study of geo-

graphy. In the 9th century, Ya'kubl wrote his Kitdb

al-Bolddn, or Book of Countries, in which he described

the principal cities of the Moslem empire.^ After him,

Ibn KhordAdlibeh composed his Kitdb al-Masdlik vial-

' Translated from the Arabic by KnatchbuU.
' Edited by De Goejo (Leyden, 1866).

» Edited by WUstcnfeld (Gottingen, 1850).

• In course of publication at Leyden, edited by De Goeje, mth the

assistance of J. Earth, Th. Noldeke, P. de Jong, E. Prym, H.

Thorbecke, S. Frsnkcl, 1. Guidi, D. H. Muller, M. Th. Houtsma,

S. Guyard, and V. Rosen.
» Most of these have been published by Gottwaldt, Ahlwardt,

Reisk«, Pocock, Erpenius, Tomberg.
• The former has been edited by Wiistenfeld (Gottingen, 1842-47),

the latter traoslatcd into English by Mac Guckiu de Slane (Lond.

1813-71).
' Published by Cureton (Lond. 1842-46), and translated into

German by HaarbrUcker (Halle, 1850-Sl).

• Edited by A. W. Th. JuynboU and Do Goeje (Leyden, 1860-611.

[science.

Mamdlik, or Book of Roads and Provinces, in which his

principal object is to point out the difi'erent routes, and

to give an account of the revenues derived from every

province.' His contemporary Koddma soon after published

his treatise on the work of clerks, in which, after a notice

of the various government offices, he gives a description

of the provinces of the empire with an account of the

post-routes, their stages and distances, and of the revenues

of each province. Ahmed b. Abl Ya'kiib al-Ya'kiibf wrote

a description of Asia Minor and Ifrlltiya. Several of

the writings of the historian Mas'ildl also afford highly

valuable information on geography. To YAkilt we owe a

great geographical dictionary under the title of Mo'jam

al-Bolddn.^" Lastly, Istakhrf, Ibn Haukal, Mokaddasl,

BcSriinf, Bakrl, Zamakhshari, Edrfsl, and Abil '1-Fid4

have left us important treatises, narratives of travels, and

geographical dictionaries." Among the literatureof voyages

and travels we must also mention the curious Chain of

Ilistones associated with the name of the merchant

SolaimAn and the narratives of NAsiri liliosrii,!^ of Ibn

Jobair," and of Ibn Bati5ta {q.v.).

The sciences connected with geography, such as a^^itro- Astro-

nomy and cosmography, were also cultivated by the ^°^^

Moslems. As early as the reign of Mansiir, the San<^:rit ^^^^^^,

treatise on astronomy entitled Siddhanta had been trans- g,aj)hy.

lated into Arabic. Under Ma'miin, two observatories were

founded, one at Baghdad, the other at Damascus, »nd

two degrees of the terrestrial meridian were measured by

order of that Caliph. Al-Ivhdrizml, librarian to Ma'm'in,

composed his Easm al-Ard, or configuration of the earth,

in which the name of every place was accompanied by its

latitude and longitude. Astronomical tables were drawn up

by Yahya, Habash, Abti Ma'shar (Abumazar), and Al-Battdnl

(Albategni). Treatises on astronomy were composed by Al-

FarghAni and Al-Kindl. Al-BattAnl, of whom we have

just spoken, was the author of important works on ,the

obliquity of the ecliptic and on the precession of the equi-

noxes. We may mention in the last place the curious

writings of Dimashkf and Kazwinl on general cosmography,

embracing several physical sciences.^*

The study of mathematics was carried very far. The Jlathe-

Moslems not only received arithmetic, geometry, trigo- niatics.

nometry, and algebra from the Greeks and Hindus, but

themselves gave a further development to those sciences.

The works of Al-KhArizmi served as guides to those

learned men in Europe who first turned their attention to

algebra in the 16th century.

The sciences of physics and chemistry, on the other Physical

hand, remained in their infancy. In physical science we s'^''^^'^'^'

can only mention a few works on Optics. As for Music,

its study was limited to the practical, and though we may
name the important treatise of Al-FArAbl on the theory of

Music—a treatise itself drawn entirely from Greek sources

—we must acknowledge that Acoustics, properly so called,

are not at all taken into consideration by him Chemistry,

considered as an exact science, continued unknown to the

Moslems
;
yet they cultivated Alchemy with eagerness, in

their search after the transmutation of metals, and
Alchemy is the mother of Chemistry. Medicine, in the

hands of the Arabs, remained such as they had borrowed
it from the Greeks. As their religion forbade dissection,

the Moslems were never able to rise above a rude empiri-

cism. They contented themselves with adding to their

• Published and translated by Barbier do Mcynard.
" Edited by Wustenfcld (Leipzig, 1866-70).
" Published, and some tr.inslated, by De Goeje, Sachau, Wiistenfeld

De Grave, Jaubert, Dozy, A man and Schiaparelli, Reinaud, and D<
Slane. The last volume of Ahii U-Fida's Geography is now in the press

'= Published and translated by Schefer (Paris, 1881).
" Edited by W. Wright (Leyden, 1852).
* Published and translated by Mehren, Wiistenfeld, and Eth4.
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own prescriptions, which they pretended to have received

from the Prophet, those of the Greek physicians. The
works of Avicenna prove this ; and Ibn al-BaitAr's treatise

on the pharmacopoeia also shows how small a part obsers'a-

tion played in Arabian medicine.* Zoology, botany, and

mineralogy made no greater progress ; but they were at

least among the subjects which attracted the attention of

learned Moslems. The great treatise by Damfrl, entitled

Haydt al-Uaiwdn, or Life of Animals, is of interest mainly

from the legends it contains ; ^ and the treatise on miner-

alogy by Taifashi interests us principally by the details it

gives on the origin of precious stones and the art of cutting

them. It would be unjust to conclude this sketch without

adding that the Moslems possess also a great number of

technical treatises on the art of war, on military engines,

and the Greek fire, on falconry and hunting, and on

certain industries, such as those of glacs, pottery, and

metals. They have also written on magic, on the inter-

pretation of dreams, and on sleight of hand. These works

have as yet been very little investigated, \Ye shall no

doubt find in them interesting revelations on the history

of the industrial arts, and on the history of superstitions.

With an empire so vast as that of the Moslems, we may
easily conceive how extensive their commerce and industry

/nust have been. Commerce had at all times been held in

ionour by the Arabs. Long before the days of Mohammed,
the Koraish annually sent caravans, laden with all the

products of Yemen, into Syria. Maritime commerce also

waj already flourishing in Chaldaea in the 5th century of

our era. The city of Hira was frequented by ships coming
from the Red Sea, from India, and even from China.

Obolla was the emporium for the merchandise of India.

It was principaUy thither that teakwood was brought,

which served for the construction of ships and houses.

Thus the Arabs, when they conquered Chaldsa, found

marit'xae commerce in full activity there, and took advan-

tage of it. Under the 'Abbisids, Basra supplanted Hira

and Obolla, tnd became the principal port. The history

of Sindibdd (Sinbad the Sailor) shows how active foreign

commerce was under the 'Abbdsids, and with what courage

the Arab saUois confronted danger. Moslem colonies were
estabUshed all tlong the coasts of Persia and India, and
Moslem voyagers did not fear to venture as far as the

China Seas. On As West, the commercial movement
was not less active. Caravans laden with the products of

Spain left Tangier, traversed the whole of Northern Africa,

and reached Syria, Arabia, and Mesopotamia. Others

passed through Asia Minor, Armenia, Persia, KhorisAn,

and Turkestin, as far ss the frontiers of China, while the

route of others again was along the eastern coast of Africa,

whence they brought back ivory and black slaves. Thus
the silks of China, and the bpiotss, camphor, steel, and

precious woods of India, were poured into the empire,

while the Moslems exported their glass, their dates, their

cotton Btufis, their refined sugar, and their WTOught tool^

to those countries. The manufacture of glass waa an
industry of old standing among them. The glass of Syria

was celebrated, and we know that flint-glass and enamela

were also made at Baghddd. Dates were cultivated prin-

cipally in the neighbourhood of Basra, and also in Persia

and KhdzistAn. Refined sugar also came from the coast

of Persia. As regards steel, the manufacture of armoui
and weapons waa the speciality of the people of 'Irilj, ol

Bahrain, of 'Oman, and of Yemen. The Syrians had the

credit of forging excellent sword-blades. In Syria too

were made mirrors of polished eteeL The weaving of

various stufis formed an important branch of industry.

The striped stuffs of Yemen, and the tissues of Baghdad,
HerAt, Tawwaj, and Fas4, enjoyed a high repute. Damas-
cus was renowned for the silk fabrics which have taken
their name from that city. The silks of Yemen, of Egypt,
and of Cufa, had also a high reputation. Tunis produced
gauze, and muslin figured with gold. Egypt manufactured
brocade, Armenia supplied satin. The carpet manufacture
under the Caliphs had already reached the excellence

which it has maintained to our own days. At that time
the carpets most valued came from Firsistin and Tabaria-

tin. Jewellery and trinkets found numerous outlets, as

may be supposed. This traffic was principally carried on
in the East by the Jews.

We know that the religion of the Prophet forbade any
representation of the human figure. This prohibition doea

not appear to have been long observed, for we find that

the walls of palaces and of the'houses of the rich were
covered with paintings. There was a school of painting

at Basra, and a historian gives ns the names of two painters

of high celebrity in their art—Ibn 'Aziz and Kosair.

The manufacture of paper was carried on very extensively,

a fact which is easily explained when we think of the liter-

ary activity of the Moslems. The Arabs originally used

parchment. For this, after the conquest of Egypt, they

substituted papyrus, which was itself supplanted by paper,

when the Arabs had opened communications with China.

Paper mills were established in several of the provinces,

and at Baghdad itself. Simultaneously with the appear-

ance of this precious substance, the art of binding became
one of the most flourishing industries, as did also the trades

of the shoemaker, the saddler, and the dyer, etc. etc.

Retail commerce, lastly, undertook the distribution of the

products of agriculture and industry. In almost aM the

cities of the empire markets were held, where the fruiterer

and grocer (BakkdT), the butcher (Ja^zdr), the armourer
(SaikoT), the bookseller (Warrdk), and the druggist and
perfumer (^Attdr), offered their wares for sale.' (kt. g.)

FART III—THE KORAN
The Koran (Ko'rdn) is the foundation of Islam. It is the

sacred book of more than a hundred millions of men, some

of them nations of immemorial civilization, by all whom it is

regarded as the immediate word of God. And since tlie

use of the Koran in public worship, in schools and other-

wise, is much more extensive than, for example, the reading

of the Bible in most Christian countries, it has been truly

described as the most widely-read book jn existence. This

circumstance alone is sufficient to give it an urgent claim

on our attention, whether it suit our taste and fall in ivith

our religious and philosophical views or not Besides, it

is the work of Mohammed, and as such is fitted to afford

' The treatise has been translated into French by Dr. Leclerc
* Printed at Biilik, A.H. 1292.

a clue to the spiritual development of that most snccessfol

of aU prophets and religious personalities. It must be

owned that the first perusal leaves on a European an im-

pression of chaotic confusion,—not that the book is so very

extensive, for it is not quite so large as the New Testament.

This impression can in some degree be modified only by the

application of a critical analysis with the assistance ol

Arabian tradition.

To the faith of the Jloslems, as has been said, the Koran

is the word of God, and such also is the claim which the

book itself advances. For except in sur. L— which is

—^ n

• For further information on Moslem civilization, see Krcmer*!

important work, CulturgeschichU des OrietUi unter den Chalyftn^

Vienna, 1875-77.
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a prayer for men—and some few passages where Moham-

med (vi. lOl, 114; ixvii. 93; xlii. 8), or the angels

(xix. 65 ; lixvii. 1 6-t sgq.), speak in the first person without

the intervention of the usual imperative " say " (sing, or

pi.), the speaker throughout is God, either in the first

person singular, or more commonly the plural of majesty

" we." The same mode of address is familiar to us from

the prophets of the Old Testament ; the human personality

disappears, in the moment of inspiration, behind the God

by whom it is filled. But all the greatest of the Hebrew

prophets fall back speedily upon the unassuming human

"I"; while in the Koran the divine "
I
" is the stereotyped

form of address. Mohammed, however, really felt him-

self to be the instrument of God ; this consciousness was

no doubt brighter at his first appearance than it afterwards

became, but it never entirely forsook him. We might

therefore readily pardon him for giving out, not only the

results of imaginative and emotional excitement, but also

many expositions or decrees which were the outcome of

cool calculation, as the word of God, if he had only

attained the pure moral altitude which in an Isaiah or a

Jeremiah fills us with admiration after the lapse of ages.

The rationale of revelation is explained in the Koran itself

as follows :—In heaven is the original text (" the mother

of the book," iliii. 3 ; "a concealed book," Iv. 77 ; "a well-

guarded tablet," Ixxxv. 22). By a process of "sending

down " {tanzU), one piece after another was communicated

to the Prophet. The mediator was an angel, who is called

sometimes the "Spirit" (xxvi. 193), sometimes the "holy

Spirit" (xvi. 104), and at a later time "Gabriel" (ii. 91).

This angel dictates the revelation to the Prophet, who
repeats it after him, and afterwards proclaims it to the

world (Ixxxvii. 6, etc.). It is plain thatwe have here a some-

what crude attempt of the Prophet to represent to himself

the more or less unconscious process by which his ideas

arose and gradually took shape in his mind. It is no

wonder if in such confused imagery the details are not

always self-consistent. A\Tien, for example, this heavenly

archetype is said to be in the hands of an exalted " scribe
"

(Ixxx. 13 sqq.), this seems a transition to a quite different

SPt of ideas, namely, the books of fate, or the record of all

human actions—conceptions which are actually found in

the Koran. It is to bo observed, at all events, that

Mohammed's transcendental idea of God, as a Being exalted

altogether above the world, excludes the thought of direct

intercourse between the Prophet and God.
It is an explicit statement of the Koran that the sacred

book was revealed (" sent down ") by God, pot all at once,

but piecemeal and gradually (xxv. 34). This is evident

from the actual composition of the book, and is confirmed

by Moslem tradition. That is to say, Mohammed issued

his revelations in fly-leaves of greater or less extent. A
single piece of this kind was called either, like the entire

collection, ko'rdn, i.e. "recitation" or "reading;" or

kitdb, "writing;" or silra, which is the late-Hebrew
ek'lrd, and means literally "series." The last became, in

the lifetime of Mohammed, the regular designation of the

individual sections as distinguished from the whole col-

ection ; and accordingly it is the name given to the sepa-

rate chapters of the existing Koran. These chapters are

pf very unequal length. Since many of the shorter ones
pre undoubtedly complete in themselves, it is natural to

assume that the longer, which are sometimes very compre-
hensive, have arisen from the amalgamation of various

fcriginally distinct revelations. This supposition is favoured
by the numerous traditions which give us the circumstances
under which this or that short piece, now incorporated in

a larger section, was revealed ; and also by the fact that

the connection of thought in the present siiras often seems
to be interrupted. And ia reality many pieces of the long

siiras have to be severed out as originally independent

;

even in the short ones parts are often found which cannot

have been there at first. At the same time we must

beware of carrying this sifting operation too far,—^^as

Noldeke now believes himself to have done in his earlier

works, and as Sprenger also sometimes seems to do.

That some s\iras were of considerable length from the

first is seen, for example, from xii., which contains

a short introduction, then the history of Joseph, and

then a few concluding observations, and is therefore per-

fectly homogeneous. In like manner, xx., which is mainly

occupied with the history of Moses, forms a complete

whole. The same is true of xviii., which at first sight

seems to fall into several pieces ; the history of the seven

sleepers, the grotesque narrative about Moses, and that

about Alexander " the Horned," are all connected together,

and the same rhjrme runs through the whole siira. Even

in the separate narrations we may observe how readily the

Koran passes from one subject to another, how little care

is taken to express all the transitions of thought, and how
frequently clauses are omitted, which are almost indispens-

able. We are not at liberty, therefore, in every case where

the connection in the Koran is obscure, to say that it is

really broken, and set it down as the clumsy patchwork of

a later hand. Even in the old Arabic poetry such abrupt

transitions are of very frequent occurrence. It is not

uncommon for the Koran, after a new subject has been

entered on, to return gradually or suddenly to the former

theme,—a proof that there at least separation is not to be
thought of. In short, however imperfectly the Koran may
have been redacted, in the majority of cases the present

siiras are identical with the originals.

How these revelations actually arose in Mohammed's
mind is a question which it is almost as idle to discuss as

it would be to analyse the workings of the mind of a poet.

In his early career, sometimes perhaps in its later stages

also, many revelations must have burst from him in uncon-

trollable excitement, so that he could not possibly regard

them otherwise than as divine inspirations. We must
bear in mind that he was no cold systematic thinker, but
an Oriental visionary, brought up in crass superstition,

and without intellectual discipline ; a man whose nervous

temperament had been powerfully worked on by ascetic

austerities, and who was all the more irritated by the

opposition he encountered, because he had little of the

heroic in his nature. Filled with his religious ideas and
visions, he might well fancy he heard the angel bidding

him recite what was said to him. There may have been
many a revelation of this kind which no one ever heard
but himself, as he repeated it to himself in the silence of

the night (Ixxiii. 4). Indeed the Koran itself admits
that he forgot some revelations (Ixxxvii. 7). But by far the
greatest part of the book is undoubtedly the result of deli-

beration, touched more or less with emotion, and animated
by a certain rhetorical rather than poetical glow. Many
passages are based upon purely intellectual reflection. It is

said that Mohammed occasionally uttered such a passage im-
mediately after one of those epileptic fits which not only his

followers, but (for a time at least) he himself also, regarded
as tokens of intercourse with the higher powers. If that
is the case, it is impo.ssible to say whether the trick was
in the utterance of the revelation or in the fit itself.

How the various pieces of the Koran took literary form
is uncertain. Mohammed himself, so far as we can dis-
cover, never wrote down anything. The question whether
he could read and write has been much debated among
Moslems, unfortunately more with dogmatic arguments
and spurious traditions than authentic proofs. At present,
one is inclined to say that he was not altogether ignorant
of these arts, but that from want of practice he found it
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convenksnt to employ some one else whenever he had any-
thing to write. After the flight to Medina (a.d. 622) we
are told that short pieces—chiefly legal decisions—were
taken down immediately after they were revealed, by an
adherent vffhom he summoned for the purpose ; so that

nothing stood in the way of their publication. Hence it

is probable that in Mecca, where the art of writing was
commoner than in Medina, he had already begun to have
his oracles committed to writing. That even long portions

of the Koran existed in written form from an early date
may be pretty safely inferred from various indications

;

especially from the fact that in Mecca the Prophet had
caused insertions to be made, and pieces to be erased in

his previous revelations. For we cannot suppose that he
knew the longer suras by heart so perfectly that he was
able after a time to lay his finger upon any particular

passage. In some instances, indeed, he may have relied

too much on his memory. For example, he seems to have
occasionally dictated the same stira to difierent persons in

slightly different terms. In such cases, no doubt, he may
have partly intended to introduce improvements ; and so

long as the difference was merely in expression, without
affecting the sense, it could occasion no perplexity to his

followers. None of them had literary pedantry enough
to question the consistency of the divine revelation on
that ground. In particular instances, however, the differ-

ence of reading was too important to be overlooked.

Thus the Koran itself confesses that the unbelievers cast

it up as a reproach to the Prophet that God sometimes
substituted one verse for another (xyi. 103). On one
occasion, when a dispute arose between two of his own
followers as to the true reading of a passage which both

had received from the Prophet himself, Mohammed is said

to have explained that the Koran was revealed in seven

forms. In this apparently genuine dictum seven stands, of

course, as in many other cases, for an indefinite but limited

number. But one may imagine what a world of trouble

it has cost the Moslem theologians to explain the saying

in accordance with their dogmatic beliefs. A great num-
ber of explanations are current, some of which claim the

authority of the Prophet himself ; as, indeed, fictitious

utterances of Mohammed play throughout a conspicuous

part in the exegesis of the Koran. One very favourite,

but utterly untenable interpretation is that the "seven
forms " are seven different Arabic dialects.

When such discrepancies came to the cognisance of

Mohammed it was doubtless his desire that only one of

the conflicting texts should be considered authentic ; only

he never gave himself much trouble to have his wish

carried into effect. Although in theory he was an up-

holder of verbal inspiration, he did not push the doctrine

to its extreme consequences ; his practical good sense did

not take these things so strictly as the theologians of

later centuries. Sometimes, however, he did suppress

whole sections or verses, enjoining his followers to efface

or forget them, and declaring them to be "abrogated."

A very remarkable case is that of the two verses in liii.,

when he- had recognised three heathen goddesses as

exalted beings, possessing influence with God. (Supra,

p. 549.)

So much for abrogated readings ; the case is somewhat
different when we come to the abrogation of laws and
directions to the Moslems, which often occurs in the

Koran. There is nothing in this at variance with

Mohammed's idea of God. God is to him an absolute

despot, who declares a thing right or wrong from no
inherent necessity but by his arbitrary fiat. This God
varies his commands at pleasure, prescribes one law for

the Christians, another for the Jews, and a third for the

Moslems ; nay, he even changes his instructions to the

Moslems when it pleases him. Thus, for example, the

Koran contains very different directions, suited to varying

circumstances, as to the treatment which idolaters are to

receive at the hands of believers. But Mohammed showed
no anxiety to have these superseded enactments destroyed.

Believers could be in no uncertainty as to which of two con-

tradictory passages remained in force ; and they might still

find edification in that which had become obsolete. That

later generations might not so easily distinguish the
" abrogated " from the " abrogating " did not occur to

Mohammed, whose vision, naturally enough, seldom ex-

tended to the future of his religious community. Current

events, were invariably kept in view in the revelations.

In Medina it called forth the admiration of the Frathful

to observe how often God gave them the answ(;r to a
question whose settlement was urgently required at the

moment. The same naivete appears in a remark of the

Caliph 'Othmin about a doubtful case :
' If the Apostle

of God were still alive, methinks there had been a Koran
passage revealed on this point." Not unfrequently the

divine word was found to coincide with the advice which
Mohammed had received from his most intimate disciples.

"Omar was many a time of a certain opinion," says one

tradition, "and the Koran was then revealed accordingly."

The contents of the different parts of the Koran are ConteM
extremely varied. Many passages consist of theological or <>[ the

moral reflections. We are reminded of the greatness, the
'^°""

goodness, the righteousness of God as manifested in Nature,

in history, and in revelation through the prophets, especially

through Mohammed. God is magnified as the One, the

All-powerfuL Idolatry and all deification of created beings,

such as the worship of Christ as the Son of God, are un-

sparingly condemned. The joys of heaven and the pains

of hell are depicted in vivid sensuous imagery, as is also

the terror of the whole creation at the advent of the last

day and the judgment of the world. Believers receive

general moral instruction, as well as directions for special

circumstances. The lukewarm are rebuked, the enemiea

threatened with terrible"' punishment, both temporal and
eternah To the sceptical the truth of Islam is held forth

;

and a certain, not very cogent, method of demonstration

predominates. In many passages the sacred book falls into

a diffuse preaching style, others seem more like proclama-

tions or general orders. A great number contain ceremonial

or civil laws, or even special commands to individuals down
to such matters as the regulation of Mohamjned's harem.

In not a few, definite questions are answered which had
actually been propounded to the Prophet by believers or

infidels. Mohammed himself, too, repeatedly receives direct

injunctions, and does not escape an occasional rebuke. One
s\ira (i.) is a prayer, two (oxiii., cxiv.) are magical form'olaa

Many siiras treat of a single topic, others embrace several

From the mass of material comprised in the Koran—and

the account we have given is far from exh:.ustive—we
should select the histories of the ancient prophets and

saints as possessing a peculiar interest. The purpose of

Mohammed is to show from these histories how God in

former times had rewarded the righteous, and punished

their enemies. For the most part the old prophets only

serve to introduce a little variety in point of form, for they

are almost in every case facsimiles of Mohammed himself.

They preach exactly like him, they have to bring the very

same charges against their opponents, who on their part

behave exactly as the imbeUeving inhabitants of Mecca.

The Koran even goes so far as to make Noah contend

against the worship of certain false gods, mentioned by

name, who were worshipped by the Arabs of Mohammed's

time. In an address which is put in the mouth of Abra-

ham (xxvi. 75 sqq.) the reader quite forgets that it is

Abraham, and not Mohammed (or God himself^ who ia
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speaking. Other narratives ire intended rather for amuse-

ment, although they are alxvaya well seasoned with edifying

phrases. It is no wonder that the godless Koraishites

thought these stories of the Koran not nearly so entertain-

ing as those of Kostam and Ispandidr related by Nadr the

son of Harith, who had learned on the Euphrates the

heroic mythology of the Persians. But the Prophet was

BO exasperated by this rivalry that when Nadr fell into his

pow^r after the battle of Badr, he caused him to be executed
;

although in all other cases he readily pardoned his fellow-

countrymen.

These histories are chiefly about Scripture characters,

especially those of the Old Testament. But the deviations

from the Biblical narratives are very marked. Many of

the alterations are found in the legendary anecdotes of the

Jewish Ha^i-ada and the New Testament Apocrypha ; but

many more are due tc misconceptions such as only a listener

(not the reader of a book) could fall into. The most igno-

rant Jew could never have mistaken Haman (the minister

of Ahasuerus) for the minister of Pharaoh, or identified

Miriam the sister of Moses with Mary ( = Miriam) the

mother of Christ. In addition to such misconceptions

there are sundry capricious alterations, some of them very

grotesque, due to Mohammed himself. For instance, in

his ignorance of everything out of Arabia, he makes the

fertility of Egj'pt—where rain is almost never seen and never

missed—depend on rain instead of the inundations of the

Nile (xii. 49). It was through the Jews also that he

borrowed his account of Alexander "the Horned"; an

epithet which is to be explained, after old Hottinger, from

the great multitude of coins where Alexander is represented

with the ram's-hom of Ammoa. Besides Jewish and

Christian histories there are a few about old Arabian

prophets. In these he seems to have handled his materials

even more freely than in the others.

The opinion hcis already been expressed that Mohammed
did not make use of written sources. Coincidences and
divergences alike can always be accounted for by oral com-

munications from Jews who knew a little and Christians

who knew next to nothing. Even in the rare passages

where we can trace direct resemblances to the text of the

Old Testament (comp. rxi. 105 with Ps. xxxvii. 29 ; i. 5 with

Ps. xxvii. 11) or tho New (comp. vii. 48 with Luke xvi. 24
;

xlvi. 19 with Luke xvi. 25), there is nothing more than

might readily have been picked up in conversation with

any Jew or Christian. In Medina, where he had the

opportunity of becoming acquainted with Jews of some
culture, he learned some things out of the Mishna, e.g.

V. 35 corresponds almost word for word with Mishna Sank.

iv. 5 ; compare also ii. 183 with Mishna Ber. i. 2. That
these are only cases of oral communication will be admitted

by any one with the slightest knowledge of the circum-

stances. Otherwise we might even conclude that Moham-
med had studied the Talmud ; e.g. the regulation as to

ablution by nibbing with sand, whefe water cannot be
obtained (iv. 46), corresponds to a talmudic ordinance

{^Ber. 15 a). Of Christianity he can have been able to learn

very little even in Med'na ; as may be seen from the absurd
travesty of the institution of the Eucharist in v. 112 sqq.

For the rest, it is highly improbable that before the Koran
any real literary production—anything that could be
strictly called a book—existed in the Arabic language.

In point of style and artistic effect, the different parts

of the Koran are of very unequal value. An unprejudiced

and critical reader will certainly find very few passages

where his jesthetic susceptibilities are thoroughly satisfied.

But he will often be struck, especially in the older pieces,

by a wild force of passion, and a vigorous, if not rich,

imagination. Descriptions of heaven and hell, and allu-

sions to God's working in Nature, not unfrequently show

a certain amount of poetic power. la other places also

the style is sometimes lively and impressive ; though it is

rarely indeed that we come across such strains of touching

simplicity as in the middle of xciii. The greater part of the

Koran is decidedly prosaic ; much of it indeed is stiff in style.

Of course, with such a variety of material, we cannot expect

every part to be equally vivacious, or imaginative, or

poetic. A decree about the right of inheritance, or a
point of ritual, must necessarily be expressed in prose, if

it is to be intelligible. No onexomplains of the civil laws

in Exodus or the sacrificial rituaj in Leviticus, because

they want the fire of Isaiah or the tenderness of Deuter-

onomy. But Mohammed's mistake consists in persistent

and slavish adherence to the semi-poetic form which he

had at first adopted in accordance with his own tastp and

that of his hearers. For instance, he employs rhyme in

dealing with tho most prosaic subjects, and thus produces

the disagreeable effect of incongruity between style and

matter. It has to be considered, however, that many of

those sermonizing pieces which are so tedious to us, especi-

ally when we read two or three in succession (perhaps in

a very inadequate translation), must have had a quite

different effect when recited under the burning sky and
on the barren soil of Mecca. There, thoughts about

God's greatness and man's duty, which are familiar to us

from childhood, were all new to the hearers—it is hearers

we have to think of in the first instance, not readers—to

whom, at the same time, every allusion had a meaning
which often escapes our notice. When Mohamined spoke

of the goodness of the Lord in creating the clouds, and
bringing them across the cheerless desert, and pouring

them out on the earth to restore its rich vegetation, that

must have been a picture of thrilling interest to the Arabs,

who ire accustomed to see from three to five years elapse

before a copious shower comes to clothe the wilderness

once more with luxuriant pastures.' It requires an effort

for us, under our clouded skies, to realize in some degree

the intensity of that impression.

The fact that scraps of poetical phraseology are spe- Ehcto*.,

dally numerous in the earlier siiras, enables us to under- cal form

stand why the prosaic mercantile community of Mecca
^JJ**

regarded their eccentric townsman as a "poet," or even a
"possessed poet." Mohammed himself had to disclaim

such titles, because he felt himself to be a divinely-inspired

prophet ; but we too, from our standpoint, shall fully

acquit him of poetic genius. Like many other predomi-
nantly religious characters, he had no appreciation of poetic

beauty ; and if we may believe one anecdote related of

him, at a time when every one itnade verses he affected

ignorance of the most elementary rules of prosody. Hence
the style of the Koran is not poetical but rhetorical ; and
the powerful effect which some portions produce on us is

gained by rhetorical means. Accordingly the sacred book
has not even the artistic form of poetry ; which, among
the Arabs, includes a stringent metre, as well as rhyme.
The Koran is never metrical, and only a few exceptionally

eloquent portions fall into a sort of spontaneous rhythm. On
theother hand, the rhyme is regularlymaintained ; although,
especially in the later pieces, after a very slovenly fashion.

Rhymed prose was a favourite form of composition among i
the Arabs of that day, and Mohammed adopted it ; but I

if it imparts a certain sprighthness to some passages, it

proves on the whole a burdensome yoke. The Moslems
themselves have observed that the tyranny of the rhyme m
often makes itself apparent in derangement of the order §
ofwords, and in the choice of verbal forms which would
not otherwise hav^ been employed; e.g. an imperfect instead
of a perfect. In one place, to save the rLyme, he calls

Mount Sinai Sinin (xcv. 2) instead of bind (xxiii. 20)

;

in another Elijah is called Tl-^dein (ixxvii. 130) instead of
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Hyds (vi. 85 ; xxxvii. 1 23). The substance even is modi-

fied to suit exigencies of rhyme. Thus the Prophet would
scarcely have fixed on the unusual number of eight angels

round the throne of God (Isix. 17) if the word tJiamdniyah,

"eight," had not happened to fall in so well with the

rhyme. And when Iv. speaks of two heavenly gardens,

each with two fountains and two kinds of fruit, and again

of two similar gardens, aU this is simply because the dual

termination (dn) corresponds to the syllable that controls

the rhyme in that whole siira. In the later pieces,

Mohammed often inserts edifying remarks, entirely out of

keeping with the context, merely to complete his rhyme.

In Arabic^t is such an easy thing to accumulate masses

of words w-ith the same termination, that the gross negli-

gence of the rhyme in the Koran is doubly remarkable.

One may say that this is another mark of the Prophet's

want of mental training, and incapacity for introspective

criticism.

On the whole', while many parts of the Koran un-

doubtedly have considerable rhetorical power, even over

an unbelievjng reader, the book, cesthetically considered,

is by no means a first-rate performance. To begin with

what we are most competent to criticize, let us look at

some of the more extended narratives. It has already

been noticed how vehement and abrupt they are where
Ihey ought to be characterized by epic repose. Indispens-

able links, both in expression and in the sequence of

events, are often omitted, so that to understand these

histories is sometimes far easier for us than for those who
heard them first, because we know most of them from
tetter sources. Along with this, there is a great deal of

superfluous verbiage ; and nowhere do we find a steady

advance in the narration. Contrast in these respects the

history of Joseph (xii.) and iti glaring improprieties, with

the admirably-conceived and admirably-executed story in

Genesis. Similar faults are found Ln the non-narrative

portions of the Koran. The connexion of ideas is

extremely loose, and even the syntax betrays great awk-
wardness. Anacolutha are of frequent occurrence, and
caimot be explained as conscious literary devices. Many
sentences begin with a " when " or " on the day when

"

which seems to hover in the air, so that the commentators

are driven to supply a " think of this " or some such

ellipsis. Again, there is no great literary skill evinced in

the frequent and needless harping on the same words and
phrases; in xviii., for exarnple, "tUl that" {hattd idhd)

occurs no fewer than eight times. Mohammed, in short,

is not in any sense a master of style. This opinion will

be endorsed by any European who reads through the

look with an impartial spirit and some knowledge of the

language, without taking into account the tiresome effect

of its endless iterations. But in the ears of every pious

Moslem such a judgment will sound almost as shocking as

downright atheism or polytheism. Among the Moslems,

the Koran has always been looked on as the most perfect

model of style and language. This feature of it is in

their dogmatic the greatest of all miracles, the incontest-

able proof of its divine origin. Such s^ view on the part

of men who knew Arabic infinitely better than the most

accomplished European Arabist will ever do, may well

startle us." In fact, the Koran boldly challenged its

opponents to produce ten suras, or even a single one, like

those of the sacred, book, and they never did so. That,

to be sure, on calm reflexion, is not; so very surprising.

Revelations of the kind which Mohammed uttered, no

tmbeliever could produce without mak ing himself a laugh-

ing-stock. However little real originality there is in

Mohammed's doctrines, as against his own eountrymeu

he was thoroughly original, even in the form of his oracles.

To compose such revelations at will was beyond the power

of the most expert literarj- artist ; it would have required
either a prophet, or a shameless impostor. And if such a
character appeared after Mohammed, still he could never
be anything but an imitator, like the false prophets who
arose about the time of his death and afterwards. That
the adversaries should produce any sample whatsoever of
poetry or rhetoric equal to the Koran is not at aU what
the Prophet demands. In that case he would have been
put to shame, even in the eyes of many of his own
followers, by the first poem that came to hand. Never-
theless, it is on a false interpretation of this challenge that
the dogma of the incomparable excellence of the style and
diction of the Koran is based. The rest has been accom
plished by dogmatic prejudice, which is quite capable of

working other miracles besides turning a defective literary

production into an unrivalled masterpiece in the eyes of

believers. This view once accepted, the next step was to
find everywhere evidence of the perfection of the style and
language. And if here and there, as one can scarcely

doubt, there was among the old Moslems a lover of poetry
who had his difiiculties about this dogma, he had to

beware of uttering an opinion which might have cost him
his head. We know of at least one rationalistic theologian

who defined the dogma in such a way that we catk see

he did not believe it (Shahrastinl, p. 39). The truth is,

it would have been a miracle indeed if the style of the

Koran had been perfect. For although there was at that

time a recognized poetical style, already degenerating to

mannerism, a prose style did not exist. All beginnings'

are difficult ; and it can never be esteemed a serious

charge against Mohammed that his book, the first prose

work of a high order in the language, testifies to the awk-
wardness of the beginner. And further, we must alwayS

remember that entertainment and esthetic effect were at

most subsidiary objects. The great aim 'was persuasion

and conversion ; and, say what we wtH, that aim has been

realized on the most imposing scale.

Mohammed repeatedly calls attention to the fact that the

Koran Is not ^vritten, like other sacred books, in a strange

language, but in Arabic, and therefore is intelligible to

aU. At that time, along with foreign ideas, many foreign

words had crept into the language ; especially Aramaic
terms for religious conceptions of Jewish or Christian

origin. Some of these had already passed into generaJ

use, while others were confined to a more limited circle.

Mohammed, who could not fully express his new ideas in

the common lang\iage of his countrymen, but had frequently

to find DUt new terms for himself, made free use of such

Jewish and Christian words, as was done, though perhaps to

a smaller extent, by certain thinkers and poets of that age

who had more or less risen above the level of heathenism.

In Mohammed's case this is the less wonderful, because he

was indebted to the instruction of Jews and Christians

whose Arabic—as the Koran pretty clearly .intimates with

regard to one of t .em—was very defective. Nor is it

very surprising to find that his use of these words is some-

times as much at fault as his comprehension of the

histories which he learned from the same people—that he

applies Aramaic expressions as incorrectly as many unedu-

cated persons now employ words derived from the French.

Thus, fm-kdn means really " redemption," but Mohammed

(misled by the Arabic meaning of the root j^ " sever,"

"decide") uses it for "revelation." Milla is properly

"Word," but in the Koran "religion." Jillt/un {Xxxsln.

18, 19) is apparently the Hebrew name of God, El:/6n^

" the Most High "
; Mohammed uses it of a heavenly book

{eoB S FraenkeL Dacocabtdis in nn^iqui* Arabum carmin-

ibus et in Corano pereffrinis, Leyden, 1880, p. 23). So

again the word mathdni is, as Geiger has conjectured, the

16-22*
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regular plural of the Aramaic mathnithd, which is the

same as the Hebrew Muhna, and denotes, in Jewish usage,

a legal decision of some of the ancient Rabbins. But in

the Koran " the seven Mathdni '' (xv. 87) are probably

the seven verses of siira i., so that Mohamined appears to

have understood it in the sense of "saying," or "sen

tence " (comp. xxxix. 24). AVords of Christian origin arc

less frequent in the Koran. It is an interesting fact

that of these a few have come over from the Abyssinian
;

such as hawdrtyiin, "apostles," mdida, "table," and two

or three others ; these all make their first appearance in

siiras of the Medina period. The word shattdn, " Satan,"

which was likewise borrowed, at least in the first instance,

from the Abyssinian, had probably been already intro-

duced into the language. Sprenger has rightly observed

that Mohammed makes a certain parade of these foreign

terms, as of other peculiarly constructed expressions ; in

this he followed a favourite practice of contemporary poets.

It is the tendency of the imperfectly educated to delight

in out-of-the-way expressions, and on such minds they

readily produce a remarkably solemn and mysterious

impression. This was exactly the kind of effect that

Mohammed desired, and to secure it he seems even to

have invented a few odd vocables, as ghislhi (Lxix. 36),

t'jjin (Ixs.xiii. 7, 8), tasnim (Ixxxiii. 27), and salsah'd (l.xxvi.

18). But, of course, the necessity of enabling his hearers

to understand ideas which they must have found suffi-

iiently novel in themselves, imposed tolerably narrow

limits on such eccentricities.

The constituents of our present Koran belong partly to

the Mecca period (before 622 a.d.), partly to the period

commencing with the flight to Medina (from the autumn
of 622 to 8th June 632). Mohammed's position in Medina

was entirely diifcrent from that which he had occupied in

his native town. In the former he was from the first the

leader of a powerful party, and gradually became the

autocratic ruler of Arabia ; in the latter he was only the

despised preacher of a small congregation. This difference,

as was to be expected, appears in the Koran. The Medina
pieces, whether entire silras or isolated passages interpo-

lated in Meccan sdras, are accordingly pretty broadly dis-

tinct, as to their contents, from those issued in Mecca.

In the great majority of cases there can be no doubt what-

ever whether a piece first saw the light in Mecca or in

Medina ; and for the most part the internal evidence is

borne out by Moslem tradition. And since the revelations

given in Medina frequently take notice of events about

which we have pretty accurate information, and whose

dates are at least approximately known, we are often in a

position to fix their date with at any rate considerable

certainty ; here again tradition renders valuable assistance.

Even with regard to the Medu..* passages, however, a great

deal remains uncertain, partly because the allusions to

historical events and circumstances are generally rather

obscure, partly because traditions about the occasion of

the revelation of the various pieces are often fluctuating,

ind often rest on misunderstanding or arbitrary conjecture.

But at all events it is far easier to arrange in some sort of

chronological order the Medina suras than those composed

in Mecca. There is, indeed, one tradition which professes

to furnish a chronological list of all the siiras. But not to

mention that it occurs in several divergent forms, and that

it takes no account of the fact that our present silras are

partly composed of pieces of diff'erent dates, it contains so

many suspicious or undoubtedly false statements, that it

is impossible to attach any great importance to it. Besides,

it is a priori unlikely that a contemporary of Mohammed
ahould have drawn up such a list ; • and if any one had

made the attempt, he would have found it almost impos-

sible to obtain reliable information as to the order of the

earlier Meccan siiras. We have in this l!st no genuine

tradition, but rather the lucubrations of an undoubtedly

conscientious Moslem critic, who may have lived about a

century after the Flight.

Among the revelations put forth in Mecca there is (

con>iderable number of (for the most part) short siiras

which strike every attentive reader as being the oldest

They are in an altogether different strain from many others,

and in their whole composition they show least resemblance

to the Jlodina pieces. It is no doubt conceivable—as

Sprenger supposes—that Mohammed might have returned

at intervals to his earlier manner ; but since this group

possesses a remarkable similarity of style, anfl since the

gradual formation of a different style is on the whole ap

unmistakable fact, the assumption has> little probability

;

and we shall therefore abide by the opinion that these

form a distinct group. At the opposite extreme from

them stands another cluster, showing quite obvious affinities

with the style of the Medina silras, which must therefore

bo assigned to the later part of the Prophet's work in

Mecca. Between these two groups stand S, number of

other Meccan siiras, which in every respect mark the

transition from the first period to the third. It need

hardly be said that the three periods—which were first

distinguished by Professor Weil—are not separated by
sharp lines of division. With regard to some silras, it may
be doubtfid whether they ought to be reckoned amongst

the middle group, or with one or other of the extremes.

And it is altogether impossible, within these groups, to

establish even a probable chronological arrangement of the

individual revelations. In default of clear allusions to

Well-known events, or events whose date can be deter-

mined, we might indeed endeavour to trace the psycholo-

gical development of the Prophet by means of the Koran,

and arrange its parts accordingly. But in such an under-

taking one is always apt to take subjective assumptions

or mere fancies for established data. Good traditions

about the origin of the Meccan revelations are not very

numerous. In fact the whole history of Mohammed
previous to the Flight is so imperfectlj' related that we
are not even sure in what year he appeared as a prophet.

Probably it was in a.d. 610; it may have been somewhat
earlier, but scarcely later. If, as one tradition says, xxx.

1 sj'. ("The Romans are overcome in the nearest neigh-

bouring land ") refers to the defeat of the Byzantines by
the Persians, not far from Damascus, about the spring of

614, it would follow that the third group, to which this

passage belongs, covers the greater part of the Meccan
period. And it is not in itself unlikely that the passionate

vehemence which characterizes the first group was of short

duration. Nor is the assumption contradicted by the
tolerably well-attested, though far from incontestable state-

ment, that when 'Omar was converted (a.b. 615 or 616),
XX., which belongs to the second group, already existed

in writing. But the reference of xxx. 1 sq. to this particu-

lar battle is by no means so certain that positive conclu-

sions can be dra\vn from it. It is the same with other

allusions in the Meccan silras to occurrences whose chrono-

logy can be partially ascertained. It is better, therefore, to
rest satisfied with a merely relative determination of the

order of even the three great clusters of Meccaij revelatipn^

In the pieces of the first period the convulsive excite

ment of the Prophet often expresses itself with the utmos.

vehemence. He is so carried away by his emotion that

he cannot choose his words ; they seem rather to bursc

from him. Many of these pieces remind us of the oracles

of the old heathen soothsayers, whose style is known to
us from imitations, although we have perhaps not a single

genuine specimen. Like those other oracles, the siiras of

this period, which are never very long, are composed of
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short sentences with tolerably pure but rapidly-changing

rhymes. The oatha, too, with which many of them begin,

were largely used by the soothsayers. Some of these

oaths are very uncouth and hard to understand, some of

them perhaps were not meant to be understood, for indeed

all sorts of strange things are met with in these chapters.

Here and there Mohammed speaks of visions, and appears

even to see angels before him in bodily form. There are

some intensely vivid descriptions of the resurrection and
the last day which must have exercised a demonic power
over men who were quite unfamiliar with such pictures.

Other pieces paint in glowing colours the joys of heaven

and the pains of hell. However, the suras of this period

are not all so wild as these ; and those which are conceived

in a calmer mood appear to be the oldest. Yet, one must
repeat, it is exceedingly difficult to make out any strict

chronological sequence. For instance, it is by no means

certain whether the beginning of xovi. is really, what a

widely-circulated tradition calls it, the oldest part of the

whole Koran. That tradition goes back to the Prophet's

favoiirite wife 'Aisha ; but as she was not born at the

time when the revelation is said to have been made, it

can only contain at the best what Mohammed told her

years afterwards, from his own not very clear recollection,

with or without fictitioua additions. And, moreover,

there are other pieces mentioned by others as the oldest.

In any case xcvi. 1 sqq. is certainly very early. Accord-

ing to the traditional view, which appears to be correct,

it treats of a vision in which the Prophet receives an

injunction to recite a revelation conveyed to him by the

angel. It is interesting to observe that here already two

things are brought forward as proofs of the omnipotence

and care cf God : one is the creation of man out of a

seminal drop—an idea to which Mohammed often recurs

;

the other is the then receijtly introduced art of writing,

which the Prophet instinctively seize? on as a means of

propagating his doctrines. It was only after Mohammed
encountered obstinate resistance that the tone of the reve-

lations became thoroughly passionate. In such cases he

was not slow to utter terrible threats against those who
ridiculed the preaching of the unity of God, of the resur-

rection, and of the judgment. His o^vn uncle Abd Lahab

had rudely repelled him, and in a brief special siira (cxi.)

he and his wife are consigned to hell. The siiras of this

period form almost exclusively the concluding portions of

the present text. One is disposed to assume, however,

that they were at one time more numerous, and that many
of them were lost at an early period.

Since Mohammed's strength lay in his enthusiastic and

fiery imagination rather than in the wealth of ideas and

clearness of abstract thought on which exact reasoning

depends, it follows that the older siiras, in which the

former qualities have free scope, must be more attractive

to us than the later. In the silra3 of the second period

the imaginative glow perceptibly diminishes ; there is stUl

fire and animation, but the tone becomes gradually more

prosaic. As the feverish restlessness subsides, the periods

are drawn out,, and the revelations as a whole become

longer. The truth of the new doctrine is proved by accu-

mulated instances of God's working in nature and in

history ; the objections of opponents; whether advanced

in good faith cr in jest, are controverted by argimients;

but the demonstration is often confused or even weak.

The histories of the earlier prophets, which had occasion-

ally been briefly touched on in the first period, are now

related, sometimes at great length. On the whole, the

charm of the style is passing away.

There is one piece of the Koran, belonging to the begin-

aing of this period, if not to the close of the former, which

tlaims particular notice. This is i., the Lord's Prayer of

the Moslems, and beyond dispute tlie gem of the Koran.

The words of this silra, which is known as al-fdtiha (" the

opening one ") are as follows :

—

(1) In the name of God, the compassionate compassioner. (2)
Praise be [literally "is"] to God, the Lord of the worlds, (3) the
compassionate compassioner, (4) the Sovereign of the day of

judgment. (5) Thee do we worship and of Thee do we beg assist-

ance. (6) Direct us in the right way ; (7) in the way of those to

whom 'Thou hast been gracious, on whom there is so wrath, and
who go not astray.

The thoughts are so simple as to need no explanation

;

and yet the prayer is full of meaning. It is true that

there is cot a single original idea of Mohammed's in it.

Several words and turns of expression are borrowed directly

from the Jews, in particular the designation of God as the
" Compassioner," Eahmdn. This is simply the Ji'rish

Rahmdnd, which was a favourite name for God in the

Talmudic period. Mohammed seems for a while to have
entertained the thought of adopting al-Rahmdn as a proper

name of God, in place of Alldh, which was already used by
the heathens.i This purpose he ultimately relinquished,

but it is just in the siiras of the second period that the use

of Rahmdn is specially frequent. It was probably in the

first silra also that Mohammed first introduced the formula,
" In the narne of God," etc. It is to be regretted that this

prayer must lose its efiect through too frequent use, for

every Moslem who says his five prayers regularly—as the

most of them do—repeats it not less than twenty times

a day.

The siiras of the third Meccan period, which form a Latest

pretty large part of our present Koran, are almost entirely Meccan

prosaic. Some of the revelations are of considerable^*"^"'

extent, and the single verses also are much longer than

in the older siiras. Only now and then a gleam of poetic

power flashes out. A sermonizing tone predominates.

The siiras are very edifying for one who is already recon-

ciled to their import, but to us at least they do not seem
very well fitted to carry conviction to the minds of unbe-

lievers. That impression, however, is not correct, for in

reality the demonstrations of these longer Meccan siiras

appear to have been peculiarly influential for the propaga-

tion of Islam. Mohammed's mission was not to Europeans,

but to a people who, though quick-witted and receptive, were

not accustomed to logical thinking, while they had out-

grown their ancient religion.

When we reach the Medina penod it becomes, as hasMedinan

been indicated, much easier to understand the revelations siiras.

in their historical relations, since our knowledge of the

history of Mohammed in Medina is tolerably complete.

In many cases the historical occasion is perfectly clear,

in others we can at least recognize the general situation

from which they arose, and thus approximately fix their

time. There stiU remains, however, a remnant, of which

we can only say that it belongs to Medina.

The style of this period bears a pretty close resemblance

to that of the latest Meccan period. It is for the most

part pure prose, enriched by occasional rhetorical embellish-

ments. Yet even here there are many bright and impres-

sive passages, especially in those sections which may be

regarded as proclamations to the army of the faithful. For
the Moslems, Mohammed has many difi'erent messages. At
one time it is a summons to do battle for the faith ; at

another, a series of reflexions on recently experienced success

or misfortune, or a rebuke for their weak faith ; or an ex-

hortation to virtue, and so on. He often addresses himself

to the " doubters," some of whom vacillate between fait!

and unbelief, others make a pretence of faith, while others

' Since in Arabic also tho root f^j signifies " to have pity," the

Arabs must have at once perceived the force ol* the new name



604 MOHAMMEDANISM [kokan.

scarcely take the trouble even to ao that. Thev are no

consolidated party, but to Mohammed they are ail equally

vexatious, because, as soon as danger has to be encountered,

or a contribution is levied, they all alike fall away. There

are frequent outbursts, ever increasing in bitterness, against

the Jews, who were very numerous in Medina and its

neighbourhood when Mohammed arrived. He has much

less to say against the Christians, with whom he never

came closely in contact ; and as for the idolaters, there was

little occasion in Medina to have many words with them.

A part of the Medina pieces consists of formal laws belong-

ing to the ceremonial, civil, and criminal codes ; or directions

about certain temporary complications. The most objec-

tionable parts of the whole Koran are those which treat of

Mohammed's relations with women. The laws and regula-

tions were generally very concise revelations, but most of

them have been amalgamated with other pieces of similar

or dissimilar import, and arc now found in very long s\lras.

Such is an imperfect sketch of the composition and the

internal history of the Koran, but it is probably sufiBcient

to show that the book is a very heterogeneous collection.

If only those passages had been preserved -which had a

permanent value for the theology, the ethics, or the juris-

prudence of the Moslems, a few fragments would have been

amply sufficient. Fortunately for knowledge, respect for

the sacredness of the letter has led to the collection of aU

the revelations that could possibly be collected,—the " abro-

gating" along with the "abrogated," passages referring to

passing circumstances as well as those of lasting importance.

Every one who takes up the book in the proper religious

frame of mind, like most of the Moslems, reads pieces

directed against long-obsolete absurd customs of Mecca

just as devoutly as the weightiest moral precepts,—perhaps

even more devoutly, because he does not understand them

so well.

At the head of twenty-nine of the suras stand certain initial

letters, from which no clear sense can be obtained Thus, before

ii iii. xxxi. xxxii. we find J) {Ali/.lAm Mini), before xl.-xlvi.

._ (Hi iRm). Noldeke at one time suggested that these initials

did not belong to Mohammed's text, but might be the monograms
of possessors of codices, which, through ne^Ugence on the part of

the editors, were incorporated in the final form of the Koran
;

he now deems it more probable that they are to be traced to the

Prophet himself, as Sprenger, Loth, and others suppose. One can-

not indeed admit the truth of Loth's statement that in the proper

opening words of these suras we may generally find an allusion to

the accompanj-ing initials ; but it can scarcely be accidental that

the first verso of the great majority of them (in iii. it is the second

verse) contains the word "book," " revelation," or some equivalent.

They usually be^in with: "This is the book," or "Revelation

('dowti senaing') of the book," or something similar. Of siiras

which commence in this way only a few (xviii sxiv. i-xv. x.xxix.)

rant the initials, while only xxix. and xrx. have the initials and
legin differently. These few exceptions may easily have proceeded

from ancient corruptions ; at all events they cannot neutralize the

evidence of the greater number. Mohammed seems to have meant
these letters for a mystic reference to the archetypal text in heaven.

To a man who regarded the art of ivriting, of which at the best he had
but a slight knowledge, as something supernatural, and who lived

amongst illiterate people, an A B may well have seemed more sig-

nificant than to us who have been initiated into the mysteries of this

art from our childhood. The Prophet himself can hardly have
attached any particular meaning to these symbols : they served their

purpose if they conveyed an impression of solemnity and enigmatical

obscurity. In fact, the Eornn admits that it contains many things
which neither caii Ih), nor were intended to be, understood (iii. 6).

To regard these letters as ciphers is a precarious hypothesis, for the

simple reason that cryptography is not to be looked for in the very
Infancy of Arabic writing. If they are actually ciphers, the multipli-

city of possible explanations at once precludes the hope of a plausible

interpretation. None of the efforts in this direction, whether by
Moslem scholars or by Europeans, have led to convincing results.

This remark applies even to the ingenious conjecture of Sprenger,

that the letters |jaju*^=» (Kdf Hi Yf 'Ain Sdd) before xix. (which

treats of John and Jesus, and, according to tradition, was sent

to the Oiristian king of Abyssinia) stand for Jesua Jiazarcnus

Koran.

Jta Judmomm. Sprenger arrives at this explanation by a vep

artificial method ; and besides, Jlohammed was not so simple as the

Moslem traditionalists, who imagined that the Abyssin.ans could

read a piece of the Arabic Koran. It need hardly be said that tht

Moslems have from of old applied themselves with great assiduity to

the decipherment of these initials, and have sometimes found the

deepest mysteries in them. Generally, however, they are content

with tho prudent conclusion, that God alone knows the meaning of

these letters.

When Mohammed died, the separate pieces of the Koran,

notwithstanding their theoretical saCredness, existed only

in scattered copies ; they were consequently in great danger

of being partially or entirely destroyed. Many Moslems

knew large portions by heart, but certainly no one knew

the whole ; and a merely oral propagation would have left

the door open to all kinds of deliberate and inadvertent

alterations. Itlohammed himself had never thought of an

authentic collection of his revelations; he was usually

concerned only with the object of the moment, and the idea

that the revelations would be destroyed unless he made pro-

vision for their safe preservation, did not enter his mind.

A man destitute of literary culture has some difficulty in

anticipating the fate of intellectual products. But now,

after the death of the Prophet, most of the Arabs revolted

against his successor, and had to be reduced to submission

by force. Especially sanguinary was the contest against

the prophet Maslama (Mubarrad, Kdmil 443, 5), an imi-

tator of Mohammed, commonly known by the derisive

diminutive Mosailima. At that time (a.d. 633) many
of the most devoted Moslems fell, the very men who knew
most Koran pieces by heart. 'Omar then began to fear

that the Koran might be entirely forgotten, and he induced

the CaUoh Abiibekr to undertake the collection of all its

parts. rhe Caliph laid the duty on Zaid, the son of Zaid'a

ThAbit, a native of Jledina, then about twenty-two years of 8™^

age, who had often acted as amanuensis to the Prophet,
"""

in whose service he is even said to have learned the Jewish

letters. The accoimt of this collection of the Koran has

reached us in several substantially identical forms, and

goes back to Zaid himself. According to it, he collected

the revelations from copies written on flat stones, pieces of

leather, ribs of palm-leaves (not palm-leaves themselves),

and such-like material, but chiefly "from the breasts of

men," i.e. from their memory. From these he wrote a
fair copy, which he gave to Abiibekr, from whom it came
to his successor 'Omar, who again bequeathed it to hia

daughter Hafsa, one of the widows of the Prophet. This

redaction, commonly called al-sohof ("the leaves"), had
from the first no canonical authority; and its internal

arrangement can only be conjectured.

The Moslems were as far as ever from possessing a un^
fonn text of the Koran. The bravest of their warriors

sometimes knew deplorably little about it; distinction on that

field they cheerfully accorded to pious men like Ibn Mas'iid.

It was inevitable, however, that discrepancies should emerge
between the texts of professed scholars, and as these men iu

their several localities were authorities on the reading ol

the Koran, quarrels began to break out between the levies

from difTcront districts about the true form of the sacred

book. During a campaign in a.h. 30 (a.d. 650-1), Ho-
dhaifa, the victor in the great and decisive battle of Nehi
wand—wLich was to the empire of the SAsAnids whai
Gaugamela was to that of the Achaemenidse—perceived that

such disputes might become dangerous, and therefore urged

on the Caliph "Othmin the necessity for a universally bind-

ing text. The matter was entrusted to Zaid, who had made
the former collection, with three leading Koraishites.

These brought together as many copies as they could lay

their hands on, and prepared an edition which was to be
canonical for all Jloslems. To prevent any further dis-

putes, they burned all the other codices except that of
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Hafsa, which, however, was soon afterwards destroyed by
Merwdn, the governor of Medina. The destruction of the

earlier codices was an irreparable loss to criticism ; but, for

the essentially political object of putting an end to con-

troversies by admitting only one form ol the common book
of religion and of law, this measure was necessary.

The result of these labours is in our hands ; as to how
they were conducted we have no trustworthy information,

tradition being here too much under the influence of dog-

matic presuppositions. The critical methods of a modern
scientific co.iunission will not be expected of an age when
the highest literary education for an Arab consisted in

ability to read and write. It now seems to me highly

^ probable that this second redaction topk this simple form :

Zaid read oflF from the codex which he had pre'viously

written, and his associates, simultaneously or successively,

WTOte one copy each to his dictation. It certainly cannot

have been by chance that, according to sure tradition, they

wrote exactly four copies. Be that as it may, it is impos-

sible now to distinguish in the present form of the book
what belongs to the first redaction from what is due to

the second.

In the arrangement of the separate sections, a classifica-

tion according to contents was impracticable because of the

variety of subjects often dealt with in one sAra. A chrono-

logical arrangement was out of the question, l.ecause the

chronology of the older pieces must have been imperfectly

known, and because in some cases passages of different

dates had been ioined together. Indeed, systematic prin-

ciples of this kind were altogether disregarded at that

period. The pieces were accordingly arranged in indiscri-

minate order, the only rule observed being to place the

long silras first and the shorter towards the end, and even

that was far from strictly adhered to. The short opening

8<lra is so placed on account of its superiority to the rest,

and two magical formula are kept for a sort of protection

at the end ; these are the only special traces of design.

The combination of pieces of diflferent origin may proceed

partly from the possessors of the codices from which Zaid

compiled his first complete copy, partly from Zaid himself.

The individual suras are separated simply by the super-

Bcription^—" In the name of God, the compassionate Com-
jpassioner," which is wanting only in the ninth. The
Additional headings found in our texts (the name of the

siira, the U'unber of verses, etc.) were not in the original

codices, and form no integral part of the Koran.

It is said that 'OthmAn directed Zaid and his associates,

>D cases of disagreement, to follow the Koraish dialect

;

but, though well atttai^ed, this account can scarcely be

correct. The extremely primitive writing of those days

was quite incapable of rendering such minute differences

as can have existed between the pronunciation of Mecca
and that of Medina.

Th« 'Othmin's Koran was not complete. Some passages are

Koran evidently fragmentary ; and a few detached pieces are still

"fia'"'''
s^^tant which were originally parts of the Koran, although

they have been omitted by Zaid. Amongst these are some
which there is no reason to suppose Mohammed desired to

suppress. Zaid may easily have overlooked a few stray

fragments, but that he purposely omitted anything which

lie believed to belong to the Koran is very unlikely. It

has been conjectured that in deference to his superiors he

kept out of the book the names of Mohammed's enemies,

if they or their families came afterwards to be respected.

But it must be remembered that it was never Mohammed's
practice to refer explicitly to contemporary persons and

affairs in the Koran. Only a single friend, his adopted

son Zaid (xxxiii. ^7), and a single enemy, his uncle Abii

Lahab (cxi.)—and these for very special reasons—are men-

tioned by name ; and tho name of the latter has been left

plets

in the Koran with a fearful c\xrse annexed to it, although

his son had embraced Islam before the death of Mohammed.
So, on the other hand, there is no single verse or clause

which can be plausibly made out to be an interpolation by
Zaid at the instance of Abiibekr, 'Omar, or 'OthmAn. Slight

clerical errors there may have been, but the Koran of
'Othmin contains none but genuine elements,— though-

sometimes in /ery strange order.

Of the four exemplars of 'Othmdn's Koran, one was kept
in Medina, and one was sent to each of the three metro-
politan cities, Cufa, Ba.sra, and Damascus. It can still be
pretty clearly sho\vn in detail that these four codicea

deviated from one another in points of orthography, in the

insertion or omission of a wa ("and"), and such-like

minutiae ; but these variations nowhere affect the sense.

All later manuscripts are derived from these four originals.

At the same time, the other forms of the Koran did
not at once become extinct. In particular we have
some information about the codex of Obay. If the
list which gives the order of its suras is correct, it must
have contained substantiaUy the same materials as our text

;

in that case Obay must have used the original collection

of Zaid. The same is true of the codex of Ibn Mas'ild,

of which we have also a catalogue. It appears that the
principle of putting the longer siiras before the shorter was
more consistently carried out by him than by Zaid. He
omits i. and the magical formulae of cxiii. cxiv. Obay,
on the other hand, had embodied two additional short

prayers, which we may regard as Mohammed's. One
can easily understand that differences of opinion may have
existed as to whether and how far formularies of this kind
belonged to the Koran. Some of the divergent readings

of both these texts have been preserved, as well as a con-

siderable number of other ancient variants. Most of them
are decidedly inferior to the received readings, but some
are quite as good, and a few deserve preference.

The only man who appears to have seriously opposed
the general introduction of 'Othmdn's text is Ibn Mas'iid.

He was one of the oldest disciples of the Prophet, and had
often rendered him personal serwce ; but he was a man of

contracted views, although he is one of the pillars of Mos-
lem theology. His opposition had no effect. Now when
we consider that at that time there wero many Moslems
who had heard the Koran from the mouth of the Prophet,

that other measures of the imbecile 'Othmdn met with

the m jst vehement resistance on the part of the bigoted

champions of the faith, that these were still further incited

against him by some of his ambitious old comrades until

at last they murdered him, and finally that in the civil

wars after his death the several parties were glad of any
pretext for branding their opponents as infidels ;—when
we consider all this, we must regard it as a strong testi-

mony in favour of 'Othmdn's Koran that no party, not

even that of 'All, found fault with Ms conduct in this

matter, or repudiated the text formed by Zaid, who was

one of the most devoted adherents of 'Othmdn and his

family.

But this redaction is not the close of the textual history of the

Koran. The ancient Arabic alphabet was very imperfect ; it not

only wanted marks for the short, and in part even for the long

vowels, but it often expressed several consonants by the same sign.

Hence there were many words which could be read in very diifcrent

ways. This variety of possible readings was at first very great, and
many readers seem to have actually made it their object to discover

pronunciations which were new, provided they were at all appro-

priate to the ambiguous text. 'There was also a dialectic license in

grammatical forms, which had not as yet been greatly restricted.

An effort was made by many to establish a more refined pronuncia-

tion for the Koran than was usual in common life or in secular

literature. The various schools of "readers" differed very widely

from one another ; although for the most part there was no im-

portant divergence as to the sense of words. A few of them gradu-
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ally roM to special authority, and the rest disappeared. Seven

readers are generally reckoned chief authorities, but for practical

purposes this number was continually reduced in process of time ;

•o that at present only two "reading-styles" are in actual use,

—

the common style of Hafs, and tliat of Nafi', which prevails in

Africa to the west of Egypt There is, however, a veiy comprehen-

»ive massoretic literature m which a numl)er of other styles are indi-

cated. The invention of vowel-signs. Of diacritic points to dis-

tinguish similarly formed consonants, and of other orthographic

(igns, soon put a stop to arbitrary conjectures on the part of the

readers. Many zealots objected to the introduction of these inno-

vations in the sacred text, but tlicological consistency had to yield

to practical necessity. In accurate codices, indeed, all such addi-

tions, as well as the titles of the siira, etc., are written in coloured

Ink, while the black characters profess to represent exactly the

original of 'Othman. But there is probably no copy quite faithful

in this respect

In European libraries, besides innumernblo modem manuscripts

of the Koran, there are also codices, or fragments, of high anti-

quity, some of them probably dating from the Ist century of the

Plight For the restoration of the text, however, the works of

»ncient scholars on its readings and modes of writing are more

Important than the manuscriiits ; wliich, however elegantly they

may be wxitton and oi-namentcd, proceed from irresponsible copyists.

The original, ivritten by 'Othroin himself, has indeed been exhibited

in various parts of the Mohammedan world. The library of the

India OfTice contains one such manuscript, bearing the subscription :

"Written by "Othindn the son of 'Affun." These, of course, are

barefaced forgeries, although of very ancient date ; so are those

which profess to be from the hand of 'Ali, one of which is preserved

in the same library. In recent times the Koran has been often

printed and lithographed, both in the East and the West.

Shortly after Moiiammed's death certain individuals applied

themselves to the exposition of the Koran. Much of it was obscure

from the beginning, other sections were unintelligible «part from

a knowledge of the circumstances of their origin. Unfortunately,

those who took possession of this field were not very honourable.

Ibn 'Abbis, a cousin of Mohammed's, and the chief source of the

traditional exegesia of the Koran, his, on theological and other

grounds, given currency to a number of falsehoods ; and at least

some of his pupils have emulated his example. These earliest

expositions dealt more with the sense and connexion of whole

verses than with the separate words. Afterwards, as the know-

ledge of the old language declined, and the study of philology

arose, more attention began to be paid to the explanation of

vocables. A good many fragments of this older theological and

philological exegesis have survived from the first two centuries of

the Flight, although we have no complete commentary of this

period. Most of the expository material will perhaps be found in

the very large commentary of the celebrated Tabari (a.i>. 839-923),

of which an almost complete copy is in the Viceregal library at

Cairo. Anotlier very famous comnJentary is that of Zamakhshari

(a.d. 1076-1144), edited by Nassau-Lees, Calcutta, 1859 ; but this

Bcholar, with his great insight and still greater subtlety, is too

apt to read his Own scholastic ideas into the Koran. The favourite

commentarv of Baidawi (ob. A.D. 1286), edited by Fleischer,

Leipsic, 1846-1848, is little more than an abridgment of Zamakh-
shnri's. Thousands of commentaries on the Koran, some of them of

prodigious size, have been written by Moslems ; and even the number
of those still extant in manuscript is by no means small. A IthoiigU

these works all contain much that is useless or false, yet they are

invaluable aids to our understanding of the sacred book. An un-
biassed European can, no doubt, see many things at a glance moro
clearly than a good Moslem who is under the influence of religious

prejudice; hut we should still be helpless mthout the exegetical

literature of the Mohammedans. Nevertheless, a great deal remains

to be accomplished by European scholarship for the correct inter-

pretation of the Koran. We want, for example, an exhaustive

classification and discussion of all the Jewish elements in the
Koran ; a praiseworthy beginning has already been made in

Geiger's youtliful essay : ff^as hat Mahomet aus dem Judenthum
axifgenommen t (Bonn, 1833). We want especially a thorough •

commentary, executed with the methods and resources of modem
science. No European language, it would seem, can even boast

of a translation which completely satisfies modem requirements.

The best are in English ; where we have the extremely para-

phrastic, but for its time admirable translation of Sale (repeatedly

printed), that of Rodwell (1861), which seeks to give the pieces in

chronological order, and that of Palmer (1880), who wisely follows

the traditional arrangements. The introduction which accompanies
Palmer's translation is not in all respects abreast of the most recent

scholarship. Considerable extracts from the Koran are well trans-

lated in E. W. Lane's SelectioTisfrom the Kur-dn,
Besides commentaries on the whole Koran, or on 'special parts

and topics, the Moslems possess a whole literature bearing on their

sacred book. There are works on the speOing and right pronun-
ciation of the Koran, works on the beauty of its language, on the
number of its verses, words and letters, etc. ; nay, there are even
works which would nowadays b« called "historical and critical

introductions." Moreover, the origin of Arabic philology is inti-

mately connected with the recitation and exegesis of the Koran.
To exhibit the importance of the sacred book for the whole mental
life of the Moslems would be simply to write the history of that
life itself; for there is no department in which its all-pervading,

but unfortunately not always salutary influence has not been ielt

The unbounded reverence of the Moslems for the Koran reaches Eternity

its climax in the dogma that this book, as the divine word, i.e. of the

thought, is immanent in God, and cohsequently eternal and un- Korai.
created. That dogma has been accepted by almost all Mohammedans
since the beginning of the 3d century. Some theologians did
indeed protest against it with great energy ; it Was in fact too pre-,

f)Osterous to declare that a book composed of unstable words and
etters, and full of variants, was absolutely divine. But what were
the distinctions and sophisms of the theologians for, if they could not
remove such contradictions, and convict their opponents of heresy I

The following works may be specially consulted : Weil, Einle{lu;ig (n dm
Koran, 2d ed., 1878 ; Th. Noldcke, GcscMchIt dcs Cordn's (Qbttlngen, 1860) ; and
the Lives of Mohammed by Muir and Sprenger. (TH. N.)
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MOHL, Jules (1800-1876), Orientalist, was bom at

Stuttgart 25th October 1800, and educated for the Lutheran
Church at Tubingen ; but his inclinations carried him from
theology through Hebrew to Oriental studies, and iu 1823
he betook himself to Paris, at that time under De Sacy
the great European school of Eastern letters He soon ac-

quired reputation, and from 1826 to 1833 was nominally

professor at Tubingen, with permission to contiuue his

studies in France, but he never entered on the duties of

this office, Paris having become his second home. In

1826 he was charged by the French Government with the

preparation of an edition of the Shdh Ndmfk, the first

volume of which appeared in 1838, while the seventh and
last was left unfinished at his death; in 1844 he was
nominated to the Institut, and in 1847 he became pro-

fessor of Persian at the College de France. But his know-
ledge and interest extended to all departments bf Oriental

learning, and this catholicity of taste, united to a singular

impartiality of judgment and breadth of view, gave him a

quite remarkable personal influence on the course of East-

em learning in France. The chief sphere of this influence

was the Soci^ti Asiatique, which he served for many years

as secretary-adjunct, as secretary, and finally as president.

His annual reports on Oriental science, presented to the

society from 1840 to 1867, and collected after his death (4th

January 1876, at Paris) under the title Yingtserpt Ansdea
£tudes Orientales (Paris, 1879), are an admirable history

of the progress of Eastern learning during these years, and
justify the high esteem in which he was held by scholars.

MOHLER, JoHANN Adam (1796-1838), Roman Catholic

theologian, was born at the village of Igersheim in Wiir-

temberg on 6th May 1796, and, after studying philosophy

and theology in the Lyceum at EUwangen, entered the

Wilhelmstift in the university of Tubingen in 1817.

Ordained to the priesthood in 1819, he was appointed to

a curacy at Riedlingen, but speedily returned as " repetent

"

to Tiibingen, where he became privat-docent in 1822, ex-

traordinary professor of theology in 1826, and ordinary Ln

1828. The controversies excited by his Symbolik (1832)
proved so unpleasant that in 1835 he accepted a call to

the university of Munich, In 1838 he was appointed to

the deanery of Wiirzburg, but died shortly afterwards

(12th April 1838).
MoMer wrote Die Einheit in der Kirehe (Tiibingen, 1825)

;

jtlhnnasius der Orosse u. d. Kirehe seiner Zcit im Kamp/e m. d.

Arianimtus (2 vols., Mainz, 1827) ; Symbolik, oder DarsUllung der
doguiatische.i Oegensdtze der KatkolUcen u. Protestanlen nach ihren

effenlUehen BekenntnissschrifUn (Mainz, 1832 ; 8th ed., 1871-72
;

Eng. transl. by J. B. Robertson, 1843) ; and Kexte UnUrsuchuntjm,
der Lehrgegcnsiitzc zwischen den Katholikcn u. ProUstante^i (1834).

His Gesammelte SchrifUn v. Aufsalze were edited by DoUingor in

1839 ; his Patrologie by Reithmayr, also in 1839 ; and a Biogrojihie

by Wdiner was imblished at Ratisbon in 1866. It is with the

Symbolik that his name is chiefly associated ; the interest excited

by it in Protestant circles is thown by the fact that within two
years of its appedrance it had elicited tliree replies of considerable

importance, those namely of liaur, ilarheiueke, and Xitzsch. But,

although characterized by abundant learning and acuteness, as well

as byconsiderable breadth of spiritual sympathy, and thus a stimula-

tive and suggestive work, it cannot be said to have been accepted

by Catholics themselves as embodying an accurate objective view

of the actual doctrine of their church. The liberal school of

thought of which Mbhler was a prominent exponent was dis-

couraged in official circles, while Protestants, on the other hand,
complain that the authorias failed to grasp the vast significance

of the Reformation as a great movement in the spiiitual history

of mankind, while expending needless pains on an exposition of

the doctrinal shortcomings, inconsistenciee, and coutradictions of

the individuals who were its leaders.

MOHR, Kabl Friedrich (1806-1879), a philosopher

whose greatest claims to scientific distinction are as yet,

though indubitable, only partially admitted, was the son

of a well-to-do druggist in Coblentz, and was bom 4th

November 1806. Being a delicate child, he received much

.of bis early education at home, in great part in bis father's

laboratory. To this may be traced much of the skill he
showed in devising instruments and methods of analysis

which are still in common use in chemical and pharmaceu-
tical laboratories. At the age of 21 he studied chemistry
under Gmelin, and, after five years spent in Heidelberg,

Berlin, and Bonn, returned with the degree of Ph.D. to join

his father's establishment. On the death of his father in

1840 he succeeded to the business, retiring from it for scien-

tific leisure in 1857. Serious pecuniary losses led him at

the age of 67 to become a privat-docent in Bonn, where he
was soon after appointed, by the direct influence of the
emperor, extraordinary professor of pharmacy. In pri-

vate and domestic Ufe he was a man of singularly winning
manners, intensely fond of music and poetry, for the latter

of which he showed wonderful memory. But his uncom-
promising spirit—perhaps we might even in some cases

say his wrongheadedness—in matters of scientific and theo-

logical authority had raised such a host of enemies that
even royal influence could not secure his further advance-
ment. Although he stood at the very head of the scien-

tific pharmacists of Germany, his name was deliberately

omitted from the list of the commission entrusted with
the prepaAtion of the Pharmacopoeia Germanica. Yet
in that work many of his ideas and processes were incor-

porated by the very men who had previously denounced
them. He died in October 1879.

Mohr's best-known work is his Lehrbuch der c]iemisch-anQ,hjl>schen
Tilrirmethode 11&55), which has already run through many editions,
and which was specially commended by Liebig. His improvements
in methods of chemical analysis occupy a long series of papere
extending over some fifty years. He also published a uumDer of
physical papers on subjects such as Hail, St. Elmo's Fiie, Grouud-ice,
&c., and a curious notice of the earliest mention of Ozone. He
shows that Homer, on four different occasions, mentions the sul-

Ehurous smell produced by lightning, and employs the very word
om which the name of Ozone was long afterwards coined. In

1866 appeared his GescUidUs der Erdc, tine Ocologie auf neuer
Grundlage, which has obtained a wide circulation.

But he will be remembered in future times mainly on account of
a paper, Ueber die Katur der Warme, published in 1837, which
unfortunately ha-s not yet appeared in full in an English translation.

The history of this paper is remarkable. It iias refused admission
into Poggendorff's Annalen, and was then sent to Baumgartner of
Vienna, in whose Zeitschrift fur Physik, &c. , it was at once published.
As no proof-sheets reached Mohr, he concluded that his paper had
been lost or rejected, and contented himself with publishing a short
analysis in the Annalen der Pharmacie, of which he was an editor.

This analysis, it is only fair to say, though probably prepared by the
author himself, gives a very inadequate idea of the scope and merit
of the paper. In 1864 Dr. Akin unearthed the paper from the
forgotten pages of the Zeitschrift, and the author was enabled to

reprint it, with notes, while the recent discussions as to the history

of Conservation of Energy were still being earned on. Along with
it he issued a number of other papers of gieatly iuferior merit.

Unless some still earlier author should be dir^covered, there caJi

be no doubt that llohr is to be recoguized as the first to enunciate,

in its genei-ality what we now call "conservation of energy." The
thesis of his paper must be stated in his own words,— " Besides
the 54 known chemical elements, there is in the physical world
one agent only, and this is called Kraft (eneigy).' It may appear,

according to circumstances, as motion, chemical affinity, cohesion,

electricity, light, and magnetism ; and from any one of these

forms it can be transformed into any of the others." Eves now,
after nearly half a century of rapid advance in science, it would
be difficult to improve this statement except by inserting as regaixls

transformation of energy, some such guarding expression as "iu
whole or in part" But if Mohr had inserted this, he might have
had claims tothe "dissiiiationof energ) "also. Mohr's starting-poiut

appears to have been tne discovery (by Forbes) of the polariz'ition

of radiant heat. He goes through the whole of the tlien range of

physics, pointing out tlie explanation of each experimental r';suit as

a transformation of energy, mentioning even the electric currents

produced by electro-magnetic induction as a transformation of the

energy required to draw the coil from the magnet—one of the earlier

methods used by Joule for quantitative determinations. His nu-

merical results, based on data quoted fmia vaaiou* books, are, it ia

' It is to be remembered that even the most accurate authoritiea in

Genaany— as, for instance. Von Helmboltz in his Esany of 1847—usad
till quite recently the word KraTt iu the sense of Energy.
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true; vciy iuaccnrata ; llie correct cicyerimtntal deteiniiimtlons we

owe to Joule. But it must be rer'emocred that these speculations,

daring- as they were and accurate (on the whole) as they have been

found to be, required the confimiatiou which the) received from the

experimental work of Coldiug and Joule, or from the Essuy of \ on

Helmholtz, whoso basis also is wholly experimental, hciug the fact

that "perpetual motion" is recognized as unattainable.

MOrR, David Macbeth (1798-1851), the "Delta" of

Blackiooo'Vs Mayarine, one of its most popular contributors

in its early days, was born at Musselburgh 5th January

1798, and was a physician in active practice there from his

manhood to his death (6th July 1851). He seems to have

been a man of winning manners and noble integrity of

character, and the intrinsic value of his poetry has been in

consequence somewhat over-estimated by critics of repute

who enjoyed his persoiial acquaintance. He bad no inde-

pendent vein as a w:iter of serious verse, and his technical

qualities as a poet do not bear examination. But his verses

were undoubtedly popular with the readers of the magazine

at the time. A collection of them was edited by Thomas

Aird in 1852. As a kindly humourist "Delta" had a more

original turn. His Autobiography of Mansie Wauch, pub-

lished separately in 1828, is a Scotch cladsic. And some

of his satirical squibs on passing events were written ^vith

great freshness and spirit. His Outliues of the Ancient

Uistvry of Mediciiit (1831) evidence his industry and ver-

satility of talent. His Sketch of the poetical literature of

the past Ilaif Ceniury{l85\) is more remarkable for the

grace of its rhetorical ornaments than for depth or fre.sh-

ness of insight.,

MOIR, George (1800-1870), author of the treatises on
" Poetry " and " Romance " iu the seventh edition of the

Encyclopxdia Britannica, and born at Aberdeen in 1800,

•was an Edinburgh lawyer of very varied accomplishments.

He was appointed professor of rhetoric in 1835, professor

of Scots law in 1864 ; he had a considerable success at the

Scottish Bar, was successively sheriff of Ross and sheriff

of Stirling, and was a frequent contributor to Blachrood's

Magazine. Moir honourably maintained the literary tradi-

tions of Edinburgh law. He was a man of very wide

reading, catholic sympathy, and fastidious taste, alive to

very various degrees and kinds of excellence in literature,

but too critical and hard to please to do justice to his own.

wealth of ideas. He died in 1870.

MOISSAC, chief town of an arronilissement in the

department of Tarn-ct-Garonne, France, is situated on the

right bank of the Tarn, and on the' railway line from Bor-

deaux to Cette, 1 7 miles west-north-west of ilontauban. The
church of St Peter, belonging to, the 15th century, has a
doorway of the 1 2th century, remarkable for its. elaborate

and beautiful sculpture, representing Scriptural scenes.

Connected with the choir of the ch'irch is a cloister dating

from the beginning of the 12th century, and one of the

finest specimens of this kind of building in France ; the

pointed arches are supported by smaU columns with

sculptured capitalp. The towu has a large trade in corn

and flour, and the mills afford employment to a considerable

number of persons. The population in 1881 was 9202.
The town owes its origin to an abbey founded between 630

and 640 by St Amand, the friend of Dagobcrt. After being
devastated by the Saracens, the abb»y was restored by Louis of
Aqnitaine, son of Charlemagne. Subsequently it was made de-

pendent on Cluny, but in 1618 it was secularized by Pope Paul
v., and replaced by a house of Augustinian monks, which was
suppressed at the Revolution. The town, which was erected into

a commune in the 13th century, was taken by Richard Coeur de
Lion, and by Simon de Montfort.

MOKADDASI. Shams al-Dla/Abii AbdaUdh Moham-
med ibn Ahmad al-Mokaddasi, i.e., of Jerusalem, also caUed
al-Bashsharl, was the author of a famous description of the

lands of Islam, which r&uch surpasses the earlier works of

the same kind. His paternal grandfather was an architect

of eminence, who constructed many public works in Pales-

tine, and his mother's family was opulent. He was himself

a well-educated and talented man, with an exorbitant idea

of his OYra qualities, and some curious affectations, such as

that of imitating for each region the dialect of its inhabit-

ants. His descriptions rest on very extensive travels

continued through a long series of years. His first pilgrim-

age was made at the age of twenty, but hid book was not

published till a.h. 375 (985-6 a.d.), when he was forty

years old. The two MSS. (at Berlin and Constantinople)

represent a later recension (a.h. 378). The book became

known in Europe through the copy brought from India

by Sprenger, and was edited by De Goeje in 1877 as the

third part of his Biblioth. Geographoruni Arabicorum.

MOICAXNA {Al-Mokanna\ "the veiled") was, as

explained above, p. 580, the surname given to Hakim, or

"Ata, a man of unknown parentage, originally a fuller in

!Merv, who posed as an incarnation of Deity, and headed

a revolt in KhorasAn against the caliph ^lahdl. Much is

related of his magical arts, especially of a moonlike light

visible for an enormous distance which he made to rise from

a pit near Nakhshab. He died by poison in a.h. 163

(779-80 A.D.).

MOKSHAiSr, a towu of Russia, situated in the govern-

ment of Penza, 27 miles to the north-west of the capital of

the province, and 18 miles from the Ranzay railway station.

It has 14,500 inhabitants, who are engaged in agriculture,

or work in flour-mills, oil-works, tanneries, and potash-

works. A few merchants export com and flour. Mokshan,

which was buUt in 1535 as a fort to protect the country

from the raids of the Tatars and Kalmuks, is supposed

to occupy the site of the towTi of Mescheryaks, Murundza,

mentioned as -early as the 9th century. It has begun

rapidly to increase since the railway between Moscow and

Penza was made.

MOLA, or Mola di Bart, a seaport to-n n of Italy, in the

province of Bari, 13 miles from Bari on the railway to

Brindisi. It is an old-fashioned place with irregular streets,

but. outside of the walls several new districts have grown

up. The foreign, and to some extent also the coasting,

trade has considerably declined since 1863, and the com-

munal population has decreased from 12,574 in 1861 to

12,435 in 1881. Little is known about the early history

of Mola ; it was sold by Alphonso I. to LandoUo Maramolilo

in 1436, and ten year^ afterwards to Niccolo Tovaldo.

MOLASSES. See Sugar.

. MOLAY, Jacques de, a native of Burgundy, became
grand-master of the order of the Temple in 1298, and»
was the last who held that dignity. He was burned at the

stake in 1314. See Templars.
MOLDAVIA. See Roctmania.

MOLE, (contracted form of monld-warii, i.e., mould-

caster), a term restricted in England to the common mole
{Taljj'i europssa), a small, soft-fitrred, burrowing mammal,
with minute eyes, and broad fossorial fore feet, belonging

to the order Insectivora and family Talpidx, but generally

a))plied elsewhere to any underground burrowing animal

ol; the class Mammalia. Thus, iii North America we find,

representing the same family, the star-nosed moles (Con-

olylura), and the shrew moles {Scalops and Sctpanus) ; in

South Africa, the golden moles of the far-removed family

ChrysocMoridx ; and in South-East Europe, Asia, and
South Africa, the rhizophagous rodent moles of the order

Rodentia and families Spulacidx and M^iridx (see Mam-
malia, vol. XV. pp.- 405, 419, figs. 64 and 96).

Talpa europxa, the Common Mole, type of the genu*
Talpa^ is about six inches in length, of which the tail

measiu-es somewhat more than -an inch; the body is long

' Eight species may be recognized, and arranged, according to their

dentition, as follows :

—
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and cylindrical, and, owing to the very anterior position of

the forelimbs, the head appears to rest between the
shoulders ; the muzzle is long and obtusely pointed, ter-

minated by the nostrils, which are close together in front

;

the minute eye is almost hidden by the fur ; the ear is

without a conch, opening on a level with the surrounding
integument ; the foreUmbs are rather short and very mus-
cular, terminating in broad, naked, shovel-shaped feet, the
palms normally directed outwards, each with five subequal
digits armed with strong flattened claws ; the hind-feet, on
the contrary, are long and narrow, and the toes are provided
with slender claws. The body is densely covered with
soft, erect, velvety fur,—the hairs uniform in length and
thickness, except on the muzzle and short tail, the former
having some straight vibrissse on its sides, whilst the

latter is clothed with longer and coarser hairs. The fur is

generally black, with a more or less greyish tinge, or

brownish -black, but various paler shades up to pure
white have been observed.

. The food of the mole consists chiefly of the common
earth-worm, in pursuit of which it forms its well-known
undergiound excavations. Its habits, so difficult to observe,

were many years ago most patiently studied and described

by M. Henri le Court. Like many other mammals the

mole has a lair or fortress to which it may retire for

security. This is constructed with much ingenuity. It

consists of a central nest formed under a hillock which is

placed in some protected situation, as under a bank, or

between the roots of trees. The nest, which is lined with
dried grass or leaves, communicates with the main-run by
four passages, one of which only joins it directly, leading

downwards for a short distance and then ascending again

;

the other three are directed upwards and commimicate at

regular intervals with a circular gallery constructed in the

upper part of the hillock, which in turn communicates by
five passages leading downwards and outwards with another

much larger gallery placed lower down on a level with the

central nest, from which passages proceed outwards in

difl'erent directions, one only conmnmicating directly with

the main-run, while the others, curving round, soon join,

or end in culs-de-sac. The main-run is somewhat wider

than the animal's body, its waUs are smooth, and formed
of closely compressed earth, its depth varying according,

to the nature of the soU, but ordinarily from four to six

inches. Along this tunnel the animal passes backwards and
forwards several times daily, and here traps are leid by
mole-catchers for its^capture. From the main-run numerous
passages are formed on each side, along which the animal

hunts its prey, throwing out the soil, in the form of mole-

hills. The mole is the most voracious of mammals, and,

if deprived of food, is said to succumb in from ten to

twelve hours. Almost any kind of flesh is eagerly devoured

by captive moles, which have been seen by various observers,

as if maddened by hunger, to attack animals nearly as

large as themselves, such as birds, kzards, frogs, and even

snakes ; toads, however, they will not touch, and no form

of vegetable food attracts their notice. If two moles be

confined together without food, the weaker is invariably

devoured by the stronger. They take readily to the water

—

in this respect, as well as in external form, resembUng their

(A.) i. I, c. i, prm. ^, m. 4 x 2(7'. wogura).

(B.) i. I, c I, prm. J, m. | x 2 (T. mropeea, ceeca, Umgiroslris,

micrura).

(C. ) i. I, c. \, prm. |, m. '} x 2 ( T. leucrura, leplura).

(D.) i. f, c. \, pnn. |, ro. | x 2 (T. moschata).
• Except in T. europma, the eyes are covered by a membrane. In

T. micrvm the short tail is concealed by the fur. T. europma ex-

tends from Ku^land to Japan. T. cwca is found sooth of the Alps, the

remaining species are all Asiatic, and of them two only

—

T. micrura

and T. leucrura—occur south of the Himalayas. (See Dobson, Mono-

graph of the Insectivora, Part ii., 1883.)

representatives on the North American continent. Bruce,
writing in 1793, remarks that he saw a mole paddling
towards a small island in the Loch of Clunie, 180 yard»
from land, on which he noticed molehills.

The sexes come together about the second week in
March, and the young—generally from four to sit in
number—which are brought forth in about six weeks,
quickly attain their full size.

The mole exhibits in its whole organization the most perfect
adaptation to its peculiar mode of me. In the structure of the
skeleton very striking
departures from the
typical mammalian
forms are noticeable.

The first sternal bone
is so much produced
anteriorly as to extend
forward as far as a
vertical line let down
from the second cervi-

cal verteb^a^ carrying
with it the very short
almost quadrate cla.

vicles, which are arti-

culated with its an-
terior extremity and
distally with the hu-
meri, being also con-

nected ligamenfously
with the scapulae. The
forelimbs are thus
brought opposite the
sides of the neck, and
from this position a

threefold advantage is

derived:—in the first

place, as this is the

narrowest part of the

body, they add but
little to the general

width, which, if in-

creased, would lessen

the power of move-
ment in a confined

space ; secondly, this

position allows of - a

longer forelimb than
would otherwise be

possible, and so in-

creases its lerer power;
and, thirdly, although
the entire limb is rela-

tively very short, its
. , , „ , „ „ . , .

anterior position en- Skeleton of Mole x § (lower jaw removed to

ables the animal, when show base of sknU).

burrowing, to thrust '• cMcancnm ; c.h., clavictilar articulntion of the
., ,

°' f i* humerus ; cl., clavicle ; e.c, external condyle of hn-
the claws so tar lor- ^jrus; /., femur; /b, fibula; fc, falciform bone
ward as to be in a line (radial sesamoid); h, humerus ; i.c, internal condyle

with the end of the of humerus ; i(, left iliac bone ; t.p, ramus of the

. „i„ i\,^i^^^r,^„^„„ ilium and pubis ; i5., ischium; Ld, ridge of insertion
muzzle, the importance '^^ ^^^^^^J^ ^^Vsi muscle; !.(, lesser trochanter:
of which 13 evident.^ m, manubrium sUmi: o, fourth hypapophysial se-

Posteriorly,wefind the samoid ossicle ; o(, olecranon ; p., pubic bone widely

hind limbs similarlv separated from tbatoftheopposlteslde.po., patella;
nina umos simuariy t

^ ^^^ insertion of pectoralis nuyor muscle

;

removed out ol the
J, „jtjj,£ji jpjjnenee; r, radius; rft, first rib; s,

way by approximation plantar sesamoid ossicle corresponding to the radial

of the hin-iointa to sesamoid (os falciform) in the manus; jc, scapnla;
01 tne mp joints 10

^^ ^ articulafaoQ of the humerus ; t. tibia:
the centre line oi the

^ ^a.
body. This is effected '

by inward curvature of the innominate bones at the acetabula

to such an extent that they almost, meet in the centre, while the

pubic bones are widely separated behind.' The shortness of the

» It is most interesting to observe how, in the golden moles

{Chrysochlorida:) of South Africa, the necessary modifications of the

corresponding parts of the body and limbs fitting them for fossonal

action and underground progression have been brought about in a

totally different manner. In them the manubrium stemi is not

anterioriy elongated, neither are the clavicles shortened ;
but this is

made up for by a deep hollowing out of the antero-lateral walls of the

thorax, the ribs in these parts and the st^m-un being convex mwards,

the" long clavicles have their di-rtiJ extramities pushed forward, and the

concavities on the eides esa inferior surface of the thorax lodge the

thick muscular aiffls. „-.... _x r ii,
2 In Jacobs's Talpes Europew Anatome (Jena, 18lo) this part of thP

pelvic wall (marked tit in the fig. ) was >deiai.*>ed with tie srmrhTSia
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forelimb is due to the humerus, which, like the clavicle, is bo

much reduced in length as to present the appearance of a

flattened X-shaped bone, with prominent riJges and deep depres-

sions for the attachments and origins of the powerful muscles

connected with it. Its proximaL extremity presents two rounded

prominences : the smaller, the true Ifcad of the bone, articulates as

usual with the scapulse ; the larger, which is really the external

tuberosity rounded off, forms a separate synovial joint with the end

of the clavicle. This double articulation gives to a naturally loose

joint the rigidity necessary to support the great lateral pressure

sustained by the forelimb in excavating. The forearm bones are

jnormai, but those of the forefeet are much flattened and laterally

Expanded. The groat width of the forefoot is also partly due to

the presence of a peculiar falciform bone, lying on the inner side of

the palm and articulating by its proximal extremity with the wrist.

Into the radial side and under surface of this bono is inserted a

tendon derived from that of the palmaris longus muscle, which,

acting upon it as an abductor, separates it from the side of the

palm, and so increases the width of the latter, at the same time

rendering the palmar integument tense.

f The muscles acting on these remarkably modiSed limbs are all

lomologous with those of the cursorial insectivora, 'diflering only

in their relative development The tendon of the biceps traverses

a long osseous tunnel, formed by the great expansion of the margin

of the bicipital groove for the insertion of the large pectoralis major

muscle ; the anterior division of the latter muscle is unconnected

with the sternum, extending across as a muscular band between the

humeri, and coordinafting the motions of the forelimbs. The teres

major and latissimus dorei muscles are of immense size, probably

relatively larger than in any other mammal, and are inserted to-

gether into the prominent ridge below the pectoral attachment

;

they are the principal agents in the excavating action of the limb.

The cervical muscles connecting the slender scapulte, and through

them the forelimbs, with the centre line of the neck and with the

occiput are large, and the ligamentum nuchse between them is

Ossified (as in all true moles) ; the latter condition appears to be

due to the prolongation forwards of the sternum (descrfbca ahoreV^

preventing all flexion of the head downwards ; and, accordingly, thd

normal oftice of the ligament being lost, it ossifies, and so afl'ords a,

more fixed point for the origins of the superficial cervical muscles, t

The skull is long, with slender zygomatic arches
;
the nasal hones

are strong and early become united, and in front of them the nostrils

are continued forwards in tubes formed of thick cartilage, the sep-

tum between which becomes partially or wholly ossified beneath.'

There are 7 cervical, 13 dorsal, 6 lumbar, 6 sacral, and 10-12 caudal

vertebra; of the dorsal and lumbar there may be one vertebra

more or less. The sacral vertebrs are united by their greatly ex-

panded and laterally compressed spinous processes, and all the

others, with the exception of the cervical, are very closely and soUdly

articulated together, so as to support the jiowerful propulsive and

fossorial actions of the Jimbs. Dentition : i. i, c, •}, prm. i, m. |,'

X 2 = 44 teeth. The upper incisors are simple chisel-edged teeth
;

the canine is long and two-rooted ; then follow three subequal

conical premolars, and a fourth, much larger, and like a canine ;'

these are succeeded by three molars with W-sbaped cusps. In the

lower jaw the three incisors on each side are slightly smaller, and

slant more forwards ; close behind them is a tooth which, though

quite like them, must, from its position in fiontof the upper canines

when the jaws are closed, be considered as the canine ; behind it,'

but separated by an interval, is a large double-rooted conical- tooth,

the first premolar ; the three following premolars are like the corre-

sponding teeth above, hut smaller, and are succeeded,, as above,

by three molars.

The geographical distribution of the common mole cay be said

to exceed that of all the other known species of the genus to which

it belongs taken together. It extends from England to Japan,

and from the Dovre-Fjeld Mountains in Scandinavia and the Middle

Dwina region in- Russia to southern Europe and the southern slopes

of the Himalayas, where it occurs at an elevation of 10,000 feet

In Great Britain it is found as far north as Caithness, but in Ireland

and in the Western Isles of Scotland (except Mull) it is altogethei

unknown. (G. E. D-)

MOLECULE
IN the conception of the atomic as opposed to the con-

tinuous and infinitely divisible constitution of matter,

it is supposed that portions of matter called atoms exist,

which are separated, or are capable of being separated, from
^ch other by empty space. (See Atom). It may be the

case that each atom has unchangeable shape and volume
as weU as unchangeable mass, but such a conception of

an atom is not essential to the hypothesis. It is not even

necessary, as explained in the article Atom (vol. iii., pp.
37, 38), to Maintain that no part of space can be in two
atoms at the same time. But one attribute of the atom
upon which its permanence, or, so to speak, its personal

identity, depends, is its fionstituent mass, and this remains
the same, unchanged and unchangeable, through all time.

Boscovich, indeed, goes so far as (o regard the atom as

a mere centre of force, the result of whose existence is that

no two atoms or centres can approach each other within a
certain distance, while other physicists regard the atomic
volume as a distinct portion of space occupied by that

atom to the exclusion of every other, and comprising
within it matter ideally infinitely divisible, but the parts

of which in fact never have been, and never can be,

separated from each other. In this latter mode of viewing
the subject, all the conclusions of mechanics which are
based on the conception of the continuity and infinite divi-

sibility of matter may be applied to the equilibrium or
motion of each individual atom, tho atomic theory merely
introducing the additional hypothesis that, in fact, these per-
sistent entities called atoms do exist, and that out of them
aU substances which affect our senses are constructed.
The theory of universal gravitation requires us to believe
in the existence of forces or actions between every portion

pubis, whereas the true pubic bones are widely separated (as shown at

p). In tbi?i mistake he has been followed by most comparpvive anato-
mists ; and hence the mole is generally believed to present the unique
peculiarity that the outlets of the urinary, generative, and digestive
organs do not pass through the arch of the pelvis.

of matter and every other portion, aeterminate in magni-

tude and direction, and such that, when on the infinitely

divisible hjrpotheeis the volumes of these portions are

indefinitely diminished, these mutual forces are inversely

proportional to the square of the distance between the por-

tions (the distance between any two points, one in the

volume of each portion, being in this case taken as the

distance between the portions), and directly proportional

to the products of the masses, or quantities of the two

portions of matter,—such forces being regarded provision-

ally as ultimate facts, while inviting further analysis and
explanation. Chemical and chemico-physical investigations

indicate the existence of other actions between portions of

matter, following other and for the most part unkno'mi

laws, and rapidly becoming inappreciable as the distance

between the reacting portions is increased. All these

hypotheses are to be retained on the hypothesis of discrete

atoms as above enunciated, the mutual actions between

atoms being the resultant of the actions between the various

portions of their constituent matter. The volumes of the

atoms are so small that, for any sensible distances apart,'

the line of the resultant mutual action between them may
be taken as coincident with the line joining any point in

the volume of one to any point in the volume of the other,

but, for distances or parts comparable with the linear

dimensions of the atoms, the size and shape of their bound-
ing surfaces must be taken into consideration, and perhaps
also the law of distribution of their constituent matter

within that surface. In all respects, unless we accept the

Boscovichian hypothesis, we simply regard the atom as

made up, so to speak, of infinitely divisible matter, while

substances, as we know thena, are built up of indestructible

and unchangeable atoms.

With this conception of an,p.tom~as thu3~explained, we
might be content to rest, confessing our total ignorance of

the mode in which such atoms are built up into actual

substances, .being satisfied . to regard such substances a.^
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composed of these distinct portions of matter separated, or

capable of being separated, by empty space from other

portions. But the fnolecular hypothesis of the constitution

of dififerent kinds of substances aims at analysing this

process by which such substances are bmlt up out of their

constituent atoms. The molecule of any substance is, by
some chemists, defined as being the smallest portion of that

substance to which can be attributed all the chemical pro-

perties of the substance ; by others, as the smallest portion

which, so long as the substance is chemically unchanged,

keeps together without complete separation of its parts.

In the language of Clausius's theorem, if the parts of the

molecule have internal motion, the kinetic energy of such

internal motion is equal to the virial of the mutual attrac-

tive forces of the parts. Thus the formation of the mole-

cule of each particular substance is viewed as an essential

step in the process of building up that substance out of

its constituent atoms. The molecule is first built up out

of atoms aixanged in its formation according to a definite

type, and then the substance itself is constituted of these

molecules. Of course molecules may be, and in fact in

many particular substances are, supposed to be mon-
atomic ; that is to say, the intermediate step of building

up the molecule out of the atoms has, in these particular

substances, been omitted, the atoms and molecules becom-

ing then identical. The particular arrangement of the

formed molecules in the biiilding' up of the substance de-

termines the physical state of that substance,—that is,

its fluid, solid, gaseous, crystalline, or amorphous state

;

tut the chemical properties of the substance depend upon
the constitution of the molecule. As the investigations

and theories of chemistry appear to indicate irresistibly

the existence of permanent atoms, so do thay also lead

almost as necessarily to the conception of the molecule

as an entity which bears the same relation to special

substances that the atoms bear to matter generally. So

long as the molecule endures, the substance of which it

is the molecule retains its chemical properties ; with the

dissolution of the molecule, the substance, as that special

substance,.perishes ; the atoms alone continue, and are free

to enter into other combinations. The permanence of the

molecule is relative, that of the atom absolute. This con-

ception of the molecular constitution of substances sug-

gests physical questions of great interest, such as the shape,

volume, and mass of the constituent 'molecules, and the

relative motions of which their parts are susceptible ; and

the answers to these questions cannot fail to be of great

value in chemical and chemico-physical investigations, as

well as in the theories of light and electricity.

Now, whatever differences may exist between the proper-

ties of different substances in the solid and liquid states,

there are certain properties which, in the gaseous state,

manifest themselves with no variation whatever in all sub-

stances alike. Hence the explanation of these common
properties—or gaseous laws, as they are called—has long

possessed a peculiar fascination for physicists. The tend-

ency to expand or fill all accessible space, manifested by

all gases, proves that on the molecular hypothesis their

compound atoms or molecules must be continually tending

to fly apart. We must conceive gases as constituted of mole-

cules, not only separable but actiially separated by space

"void of the matter of which these gases consist ; and it may
be most reasonably expected, therefore, that any general

laws to which substances in this state conform may afford

us a valuable insight into the constitution of these separate

molecules.

Now the general laws to which all gases conform are

:

(1) Boyle's law—that, in a given mass of any gas kept at

constant temperature, the pressure per unit of area upon

th3 containing surface increases in the same proportion as

the volume occupied by the gas is diminished, or at least

with very slight deviation from exact proportionality
; (2)

Charles's law—that, if the temperature be varied while the
pressure upon the gas remains the same, the gas increases

by TTjd of its volume at zero centigrade for every degree
of centigrade added to the temperature, or, which in com-
bination with Boyle's law is the same thing, that if the

density be constant, the pressure is directly proportional to

the temperature measured from the point - 273° centigrade,

this point being called the zero of absolute temperature

;

(3) Avogadro's law—which asserts that all gases at the

same temperature and pressure contain the same number of

molecules in the same volume ; and (4) Dalian's law—that

in a mixture of different gases, when there is equilibrium,

each gas behaves as a vacuimi to all the rest.

It was at one time considered that these phenomena
might be explained on the hypothesis of mutual repulsive

forces between the parts of which the gas is composed,
Avhether they were regarded as constituted of moleciiles or

of infinitely divisible continuous matter,^ but it has been

shown in the article Atom (vol. iii. p. 39 sq.) that there

are at least two absolutely conclusive reasons why this ex-

planation cannot be accepted. These objections, together

with the experimental fact proved by Joule that gases, or at

any rate atmospheric air, expand into vacuum with scarcely

any appreciable change of temperature, must be considered

fatal to any mutual-force theory of gaseous action, and,

accordingly, physicists havel)een driven to seek for other

methods of explaining these laws. The explanation which

has been more developed than any other is that known aa

the kinetic theory of gases, which regards the intrinsic

energy of a gaseous mass as residing, not in the potential

energy of intermolecular forces, but mainly in the kinetic

energy of the molecules themselves, which are assumed to

be in a state of continual relative velocity, admitting at

the same time a possible small intermolecular potential

energy, and it may be also an interatomic energy, between

the atoms of the individual molecules. That some such

persistent relative motion does exist in every gaseous mass

is evident from the rapidity with which odours penetrate

the stillest air where no breath of wind—that is, of absolute

motion of translation of the mass as a whole or any portion

of finite size—is perceptible. It becomes an interesting

question whether the laws of mechanics admit of a mass

thus constituted ever arriving at a state of permanence

;

that is to say, whether, consistently with the hypothesis of

infinite irregularities in the directions and magnitudes of

velocities of individual molecules, there may be found any

properties of the mass in the aggregate which remain

^ An argument in favour of the molecular constitution of gases, to

which attention was .first called by Professor Osborne Keynolds

(Memoir " On some Dimensional Properties of Matter in the Gaseous

State," Phil. Trans,, 1879), is derived from certain phenomena

observed in highly-rarefied gases, and in the transpiration of gases

through porous plates. If, according to this argument, we had in a

gas to do with a continuous plenum, such that every portion must

possess the same properties, then these properties must exist inde-

pendently of the amount of gas contained in any space, although

their sensible effects might be increased or diminished by a variation

in that amount. If, then, we can find properties of a gas depending

on the si2e of the space in which it is enclosed, and on the quantity

of gas enclosed in this space, we have proof that gas is not continuous

—in other words, possesses dimensional structure. Such properties

wo do find in highly-rarefied gases, as, for instance, in the pheno-

mena of Crooke's radiometeA The motion of the vanes when one

Bide is heated by incident rays appears to depend on the distance

between the vane and the containing walls of the vessel bearing some

not very high ratio to the distance between the particles or molecules

of the gas. At least no satisfactory explanation of the phenomena

consistent with the gas being continuous has yet been suggested.

Again, Professor 0. Reynolds, from his experiments on the trans-

piration of gases through a porous plate, finds a relation between the

gas and the coarseness or fineness of the plate, which would not exist

were the gas continuous.
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constant, and in agreement with the accepted laws common
to all gases. Now the physical theory of heat compels us

to regard the intrinsic energy of any gaseous mass as de-

pendent entirely or almost entirely upon the temperature.

If, therefore, this intrinsic energy is to be sought for in

the kinetic energy of the moving molecules, it follows

that the average value of the kinetic energy of the mole-

cules taken throughout the mass must be also a function

of the temperature.

Ve will proceed to investigate the condition of per-

manence of a number of molecules moving about irregu-

larly in any bounded space ; and, for simplicity's sake, we
ehall first of all restrict ourselves to the case of monatomic
molecules.

We know nothing of the size or shape of these atoms,

except that the volume of each one must be incomparably

emalier than that of 1 he containing region. In shape we
shall, as the simplest hypothesis, regard them as spherical.

We shall suppose that there are no intermolecular forces

between any two such atoms, except of such a nature as

to be practically insensible when the atoms are not geo-

metrically in contact, and similarly as regards the forces

between the atoms and the material bounding surface,

Buch forces being of the nature called " conservative." So
that in point of fact we are investigating the mechanical

properties of an infinitely large number of infinitely small

and perfectly elastic spheres moving about in a given

region and subject to frequent collisions.

TjLOVLTit.—/I very targe number Iffsmooth elastic spheres, equal In

€very respect, are tn motion within a region <(f space qf given volume,
and Iherrfora ocauionatty impinge upon each other with various
degrees (tf retative velocity and in various relative directions ; re-

fiiitd tofend iXe law of distribution qf velocities in order thai such
lUstribution aujr br permant./U.

cLet if be the total number of spheres, and let j ~

X («. ». V)) du do dx

bo the nnmber of spheres whose component velocities, parallel to
the axes, are intennediate bet^veen u and u + du, v and v + dv,
tr and w + dw respectively.

If » bo the resultant velocity of any of these last-mentioned
tphcres, and i/ 9 be the inclination of e to the axis of z, and i^ that
of the plane rt to the plane 23, the last-mentioned expression will
become, by changua of the Independent variables from x, y, z to
*, #k and e;

X f», v,v>)tPiiaBd9 dcj> dc.

Let 8 spherical surface of radius unity be described about any
origin as CBntre, nnd let dir be written for the elftaent sin 8 d0d<p
on this Burfacfli then the last-written expression becomes

X l«, v,v>)c'de dr.

Since f«rthe earns magnitude of the resultant velocities all direc-
tions of motion must be equally probable, it follows that the co-
efficient of dedtr ia the last-writteu expression must be a function
of e only, and therefore the number of spheres having component
Telocities between u and u + da, v and v + dv, w and u> + dw,
must be

^ (e) du dv dio.

It fa reqnired to find the form of ^ in order that the value of
thin expression may be nnaffccted by collisions. The solution is,

that the number of spheres with component velocities between the
limits u and tt-f<2ii, oand v+dv, v> and w + dwmas,\. be

A»'^ dudvdvji
or A»-^ <?dcd(r,

•mploytng thr notation already nsed.
Integrating with respect to da from to 4t, we find for the

number of spheres with velocities between c and c-i-dc the expression

iwAe-^de.
Again, since the nnmber with component velocities between u

knd u+du, pandv-hrfjj, w and w + dw is

/!„-^U'' + <''' + ^.dudvdw,

m {l/Te-'"^du) (i/Ae-'^'^dv) (4/5;-»"'<£»),

ItTotJows that the nnmber of spheres having velocities intermediate
betwe«n u and u + du parallel to the x axis is

Ae-'^^'-duj e-'"^dvi «-*'°'<iio;
/CO / 00

that is, -^^tf-'^»**dK,
ft

wliere ^ is to bo determined by the equations

J 00

therefor*
, A7.J

that is to say, the number of spheres having velocities between «mH
c + dc is

a^^-e-t^^dc

Multiplying this expression hy c, and integrating the product with
;ard to c from to oo '

'' ' '
.

. -

, the spheres becomes
regard to c from to oo , and dividing by iV, the mean velocity for
all f

2

and multiplying by c^ instead of by c, we find the mean square of all

theyelocities to be

2A'

In the preceding investigation no account has bien taken of
collisions between the spheres and the enclosing boundary of the
region in which they are contained, because in every such collision
the magnitude of the velocity of each sphere is unaltered and its

direction is changed according to the ordinary law of reflexion,

whence it is evident that the distribution is unaffected by such
collisions. Also, the investigation has been confined to the cases
of spheres colliding in pairs, but since there need be no limit to
the smaUness of the interval between any pair of collisions the
result really embraces the cases of simultaneous collisions between
three or more spheres ; for if a sphere A collides with another £,
and immediately afterwards with a third C, the resultant velocity
of A after this second collision must be the same as if it had col-
lided with £ and C simultaneously.
The foregoing investigation has been given in some detail becauso

the principles upon which it proceeds are essentially the same as
those by which all questions of the distribution of energy among »
great number of moWng bodies are determined, although' it may be
found, as well as the detailed investigations of the results imme-
diately foUo\ving, in published memoirs and svstematic treatises on
the kinetic theory of gases.

If the spheres be not all of equal mass, but if there be within the
region N spheres of mass m, N of mass m', and so on, then it may
be proved, by reasoning exactly similar to the foregoing, that wheii
the permanent or stable state of motion has been attained th»
number of spheres of the N set with component velocities betweeii
u and ii + du, v and v + dv, w s.Tid w + dw is

Ae 2 du dv dw,

and the number of the N' set having component velocities between
u' and u' + du', i/ and i/+ d)/, w' and u/ + du/, is

Am'c*2

A'e 2 du' dti duf,

where ^=i^ + i?-vv?, <l-=i^-\-v'"- + vf, A is a constant the Bam«»
for both sets, and

and so on if there be any other sets.

The mean velocity and mean square velocity of each sphere of the
N set are

and the mean kinetic energy of each of such spheres is

2A'

the last result being common to all the sets.

If the spheres in the given region be acted on by any given forces
tending to fixed centres, and functions of the distances of the centres
of the spheres from the centres of force, wo may not in such case
assume, a priori, that the chances of velocities in all directions are
the same ; but we may assume that the number of spheres of any
»et (iV) with coordinates of their centres intermediate between
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a and x + dx, y and y + dy, z and z+(fe, and component velocities

intermediate between u and u + du, v and v + dv, w and w + dw, is

^ {x, y, z, u, V, w) dx dy dz du dv dw.

In the state of permanence the form of \ji mnst be independent

of the time {t), so long as the sphere is moving free from collisions

•with any other.

From the last-mentioned condition it mast follow that, if ^=0,,
^i — 'h* ^^-^ ^ ^°y equations among the variables determining the

position and motion of any sphere obtained by the elimination of t

from the equations of motion of that sphere, then ^ must be of the

form
\f' (<p,, ipj, &c. ). With the assumption, then, that the number of

spheres of the given set with variables between the abcve-mcntioned
limits is

t/i (0y 4>^...) dx...dw,

we find for the form of f, by reasoning like the foregoing,

Ae ^ 2 ', where x is the potential energy of the sphere in

the position x, y, z, and <?=v?-^v^-'rw^, and A is a constant, the
same for all the seta.

If we integrate the expression Aa ^ 2 >dx dy dz du dv dw
for all values of x, y, z within the given region, we Snd for the
number of spheres of any set ivith component velocities between
u and «+<iu, o and » + (io, w and w + dw.

Be 2 tiu dv dw,

•whence we easily see t)iat the chances of velocities in all directions

are the same, and that the mean velocity and mean square velocity

2's/27r 3
of any sphere of this set are and—v respectively, and themean

3
kinetic energy of any such sphere is ij, and therefore the same for

all the sets.

Furthermore, if we integrate the expression

Ae ^ 2 'dx dy dz du dv dw

for all values of «, », and w from ~ » to + 00 respectively, we

obtain a result of the form Ce ' ''X. dx dy dz, and therefore the number
of spheres of the set in question with centres within the elementary.

Tolqi^e dx dy dz, or, what is the same thing with the exception of a

constant factor, the chance of the centie of any sphere of that set

being within that elementary volume, is Ce'^^ dx dy dz, so that the

density of the iV set of matter in the neighbourhood of-the point z, y,

t is mCe~''K
We are now in a position to compare the physical properties of a

medium composed of monatomic molecules in motion, and free

from any intermolecular or interatomic forces with those of ordinary

gases, so long at least as the atoms are sphericaL

Consider two contiguous portions of such a medium separated by
any plane parallel to that of yz, and, since the distribution and
motion of each set of spheres is independent of all the other sets,

let ns confine our attention to the spheres of the N set Suppose
that there are JV such spheres per onit volime in the neighoour-

bgod of the point x, y, z, whose component velocities parallel to

the axis of x are bet-j-een u and u + du. The number of these

spheres which cross the elementary area dy dz in time d(- will be

•tne same as the number of the iiV spheres whose centres are

situated within the elementary parallelepiped dx dy dz, in which
dx is equal to udi, and thia number is

jV« dy dz dl.

Each of these spheres carries across with it a Tnomentum parallel

to X equal to mu ; the total momentum parallel to x transferred

across dy dzio. time dt a therefore

mKii' dy dz dt.

If u be podt'.ve, this is positive momentum transferred from the

negative to the positive side of the plane y « ; and if u be negative,

this is negative momentum similarly transferred from the positive

to the negative side of that plane. In either I'ase it follows that

by the mere motion of these sph.ires across the area dy dz the

positive momentum tiarallel to the axis of s; is diminished by the

quantity rnXu" dy dz dt on the negativs side of the plane y z,

and increased by the same quantity on the positive dde of that

plane in the time dt ; m being, as beforfl, tjie mass of each sphere.

Hence, on the whole, tjiere is a transference of positive sr momentum

in the time dt across the area dy dz equal to ?ndy dzdtZ u*y ; that

is, equal to
"

dy dz di J«',

where p is the density of the y matter at the point x, y, t, and %f

is the mean sqaare 01 tha v v^ljciti'is.

But either Dy integration sr general reasoning it is easily seen

rj —
that i^=Zi, where v' is the mean sqnare of the resultant velo-

_

F ^
cities of the N spheres, and is equal, as we have proved, to

8

rrJi'

Therefore, there is a transference of positive momcntpm from the
negative to the positive side of the plane y z across the area dydzin
time dt equal to

pdyds dt

• Tnh
'

Each separate sphere whose component velocities are u, v, and u
carries across the same area y and z momenta equal to mv and mw
respectively, so that in the time dt there are carried across the area

dy dz y and z momenta equal to Xmuv dy dz dt and Smuw dy dz dt,

respectively. By symmetry it is clear that Zmuv and Smiiw are

separately zero. Therefore, the resultant mutual actions of the two
portions of the medium under consideration in the time dt is the

transference across the elementary area dy dz ot di quantity of x
gi

momentum equal to pdy di dt — from the negative to the positive
3

side of the bounding plane. If this mutual action, or, as it is gener-

ally called, " pressure " when referred to unit of surfece, be denoted
by the symbol p, we get the equation

p dy dz dt = p dy dz dt -^,
o

^ P

Since the momenta parallel to y and s remain unaltered, it

follows that the mutual action or pressure between contiguous por-

tions of the medium in the neighbourhood of any point is normal
to the bounding surface at that point. Since also the expression

for p or -2^ is independent of the direction of the x axis, It fol-
mh

lows that the pressure at any point of the medium is the same ia

all directions.

If the contiguous portions of the medium be separated by a
material instead of an ideal plane, it will be necessary for the main-
tenance of equilibrium that there should be an action between this

plane and the adjacent medium, equivalent to the transference of

momentum estimated above ; but action measured by the rate per

unit of time at which momentum is generated constitutes moving
force or statical pressure. Hence the force or pressure between the

plane and medium is normal to the plane, independent of tha

direction of the plane through the point, and equal to the value oC

_£__

mh
at the point.

WTien several sets of spheres are present together in the region

under consideration, the distribution of the centres and of the

velocities of ^ach set is, as we have seen, independent of the co-

existence of the other seta. If therefore pj, pj, &c, be tha densities

of the matter of the different sets in the neighbourhood of the point

X, y, z, and if
/>i, p^ &c., be the pressures at that pomt denned as

above, and if fTi,, m,, &c., be the masses of the spheres of each of

the sets, and p tne total pressure, we get

P =P\-^ Pt •^ ^'^•

= ^ .^ ^ + &C.

Hence we arrive at the following conclusions ;— (1) there Is one
physical quantity having the same value for every set of spheres

—

g
namely, the mean kinetic energy of each sphere, or ot > ^*' ^^
quantity be called t ; (2) the distribution of the positions and

velocities of the spheres of each set is independent of the coexist-

ence of the remaining sets, and 13 in all respects ihe same as if that

particular set existed alone in the region considered ; v3) tha

pressure at any point referred to unit of surface at any point of

the medium arising from tha action of any one of the sets is r— f;

where p la the density of that particular set at the point in question,

and T is the physical quantity above referred to as comm^jn to all

the sets.

This third inference may be expanded into the following three

laws :—(a) if -r be kept constant, then the pressure arising from

each set varies as the density of that set ; (3) if p b« kept constant,

then the pressure from eacn set varies as t ; (7) if the pressures

for all the sets be the same, then -- is also the same, or the num-

ber of spheres per unit volume ia the same.

Now suppose there is a tnixinre of any number of gases in any

region
i
woen there is oquUibrium there is one physickl q^uantity,

namely, temperatore, which ia tho same for all; the mtiissio
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energy of thU mixture depends, as we know, upon lU temperature,

nd the energy of these moving spheres is entirely kinetic, and may

be conceived, therefore, to be a function of the mean vis viva. Let

U3 then assume that in this medium of moving spheres we Tiavo a

representation of a mass of gases, and that what is called the

temperature of the gaseous mass is nothing else than the t or mean

kinetic energy of each moving sphere. Then, with this assumption,

the three parts (a, |3, 7) of inference (3) above correspond to tlio

gaseons laws connected with the names of Boyle, Charles, and

Avogadro respectively, and inference (2) corresponds with the law

of Dalton concerning gaseous mixtures.

AVe m.iy alsi^ deduce the ordinary hydrostatical equations of

equilibrium from the formulae which we have obtained.

For, since these equations give ua

P I « I?- - ^X

Ire get

and similarly

dp.

dx

dx

and p=mBe'

«P = _p«J? = pX, and ^= -riX.dx-
dx dx

f = fY,^P.=pZ,
dy '^'' dz

where X, Y, and Z are the component impressed forces, or the

negatives of the space variations of x along the coordinate axes.

So far, therefore, the physical properties of a perfect gas or mixture

of such gases correspond, in all respects, with the physical properties

of a medium consisting of a sot of elastic spheres, or of a mixture

of sets of such spheres, with the solo assumption that the physical

property termed temperature, in the case of the gas, corresponds to,

or is represented by, the mean kinetic energy of each of the spheres,

and that each sphere represents the chemical atom.

There are, however, pnysical properties of gases which this theory

fails to explain. The most important of these is the ratio of the

specific heats at constant volume and constant temperature respect-

ively. The specific heat of gas expanding while being heated under

a constant pressure is greater than that of gas heated with a con-

stant volume, as when it is contained in a rigid vessel, for the

obvious physical reason that in the former case a portion of the

heat is converted into mechanical work, namely, that performed by

the expansion under the constant pressure. This ratio of the specific

heat of gas under constant pressure to the specific heat with con-

stant volume has been determined for many gases with great ac-

curacy, chiefly from obser\'ations of the velocity of sound in such

gases, in which velocity the value of this ratio bears a very im-

portant part.

Now, on the assumption of the gas being constituted of a number
of elastic spheres in rapid but irregular motion among each other,

and the physical property of temperature being represented or

measured by the mean vis viva of each sphere, the ratio of these

epecific heats must be exactly \\.
' For, if V be the volume occupied by a unit of mass of this moving
sphere medium, and r the number of spheres to the unit mass, and
ifp be the density, it follows that

rm=pv = \.

Also we know that^, the pressure referred to unit surface, is given

by the equation
2

J)!)
= -5- rr,

where r is the mean vis viva. If now r increase from t to r + Sr,

while V remains constant, the increase of intrinsic energy must be,

from definition, tSt. Also if there be a simUar change in r without
the restriction of v being constant, but supposing ^ to be constant,

there is external mechanical work performed equal to pSv, where
tv is the increase of volume. Also

piv =— j-Jt ;^
3

and therefore the whole energy required to be supplied from without
must be in this case

rSr +— rir
3

Or the ratio of the energies to be supplied from without, in order
that the mean vis viva of the moving sphere medium should be
iacieased by the same amount in the two cases respectively, becomes

2
r-H

3
, or IJ.

If therefore the gaseoos mass bo adequately represented by the

moving sphere meaium, the ratio of the specific heats must be 1§.

Mercury vapour is the only gas for which the ratio has so large

a value as this. Several of the more permanent gases have the

ratio equal to 1'408, while in others it falls as low as 126. The
Talue fur mercury fapour, as determined by Kundt and Warburg

{Poggmdorff, clviL 353), is between 1 695 and 1 •631, the mean of all

the observations being somewhat under 16. If any value above

16 bo insisted on it will be impossible to retain the theory as

above enunciated. In point of fact we may say, in anticipation

of what has yet to come, that there is no modification of the kinetic

theory as hitherto treated which could give a higher valua for the

ratio in question than 1^.

It follows from what has been proved that either all known gases

and vapours, except the vapour of mercury, and perhaps cadmium,
must be polyatomic, or else that the attempts to explain the consti-

tution of gases by the kinetic theory must be abandoned. We
must therefore proceed further to investigate the physical pro-

perties of a meaium consisting of compound atoms or molecules

built up of atoms in any definite arrangement, such molecules being

in p. condition of irregular motion among themselves, such as we
have supposed in the cases of the spherical atoms hitherto con-

sidered.

It will be observed, on reference to the cases of the spheres hitherto

investigated, that, whether there be forces to fixed centres in action

on the medium or not, the chance of any sphere having the coordi-

nates of its centre audits component velocities between xand x + dx,

y and y + dy,z and z + dz, u and u + du, v and v-\-d\), w and w -h dw,

is proportional to e~^^ dxdydzdudvdw,'vi^^x& Sis the total energy,

kinetic and potential, of the sphere in the state of position and
motion defined by x, y, z, u, v, w.

We may generalize this proposition, and prove that when the

sphere is replaced by a molecule of any shape and constitution, so

as to be defined as to position and motion by r generalized coordi-

nates q-i-.-q^ with tteir corresponding momenta ^,...^„ the chances of

the molecule having its defining vanables between the limits q^ and

gj + doj. «^ 3.rxip^ + dp„ or, what is the same thing, the number of

such molecules at any time with variables thus limited, whether

there be forces to fixed centres or not, and whether interatomic

forces or intermolecular forces are or are not in action on the mole-

cular aggregate, is proportional to

e-'>'^' dq^...dp„

where A is a constant, the same for all molecules, and E,. is the

total energy, kinetic and potential, of the molecule in the free state

as to position and motion, the potential energy being that of the

fixed centre forces on the- molecule, together with that of its inter,

atomic forces, in the given position.

The problem before us may be stated thus :

—

A number of similar molecules possessing in the whole n degrees

of freedom, where n is very large, are in motion in a region of space

bounded by a material envelope, under the action either of forces

to fixed centres (called external forces) or of forces between different

molecules and different parts of the same molecule, as well as by
forces between the fixed boundary and the contained molecules, all

of them conservative, so that the total energy, kinetic and potential,

of the aggregate remains always the same ; it is required to find the

chance of a group of any one or more molecules possessing in the

whole r degrees of freedom, defined by the coordinates qi-.q, and
momenta Pi...p„ where r is small compared with n, having its

variables between the limits y, and qi + dq^.-.p,. and ;?,. + rfjo,.

We might start with the assumption made above in the case of

the spheres under central forces, that this chance must be of the
form

^ (*! 02. Uo.)dq^...dp„

where 0i = «4, ^2 = ij, &c. , are obtained by the elimination of

' between the equations of motion of the r group under the fixed

centre and boundary forces and those between its component atoms,
because there is nothing in the conception of a molecule beyond
that of a system with a number of degrees of freedom, and under
internal forces ; and in this case, considering the generality of the
assumption as to the externa' forces, it would be impossible to con-

ceive tne existence of any general equation, independent of the time,

between the variables, except that of the conservation of energy, so

that the chance in question becomes

i>{E;)dq,...dp^

where E,. is above defined, and it remains to determine the form of ^,
If we considered a second group of one or more molecules con-

taining s degrees of freedom (where s may or may not be equal to

T, but, like r, is much smaller than n), and defined by the coordinates

and momenta ?,_j.]. . .?,_(.„ ^,_j.,...p,_).„ then the two groups together

contain r + s degrees of freoaom defined by the variables q^...p^^
and since r + s is small compared with n, the chance of this group
having its variables between j, and qi + dq^...p^,a.nip^^+dp^,
must be

^ (J?rfJ dqy...dp,+.

But this chance must be equal to the chance of the r group being
fixed in the state j„ Ji + d?,.. -P^ p^ + dp„ multiplied by the chance
of the remaining s group being in the state 5,^.1, ffj-fi + t^r+l"*

Pr¥e Prt, + dPr+.i whcro the r group are so fixed.
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Now to find thia latter chance we oT>ser7e that it is the chance of

the s group being in their required limits of position and motion,
when the Internal forces between the r and a <TOup become forces

between the s group and fixed centres.

If the total kinetic energy of the r group in their given state be
T„ and that of the r + s group be T^„ the total kinetic energy of

the s group must be T^, - T..

Also if the total potential energy of the r + s group under the
Influence of all forces be Xr+o this is made up of

—

(1) Xr> til® potential energy of the r group to fixed centres, and of

its internal forces

;

(2) X., similarly taken for the s group ; and

(3) rXii the potential energy of the r and s group foices.

And when the r group is fixed the potential entrgj* of the s group
U reduced to (2) and (3), or is Xr+,~Xr-

Therefore the chance of the s group having its variables within
the required limits when the r group is fixed must be

^l,(E^,-E,)di^^...di,^,
Therefore

^(5,) f (E^,-E;) dq,...dp^.,= f [E^^ rfji...dj'H*

or i^ E,}'f'{E^.-E,) = i'iE^:).

Therefore tp {x)=e '^= e"'"* suppose.

And the chances of the r group having its variables between the

limits jj and qi + dq^...p^ and Pr + dp^ must, in the state of per-

manent or stable motion, be proportional to

e-''^rdq.^...dp„

which was to be proved.

Supposing now that the aggregate of molecules under considera-

tion consists of a number of sets of similar molecules, the number
of molecules in one of these sets being N, where N is very large,

and suppose that each of these N moleeules possesses c degrees of

freedom defined by the coordinates qj-.q^ with the momenta

Pi-.-Po- and that its mass is m. ' Three of these coordinates may
be taken as the rectangular coordinates of its centre of mass, in

which case the corresponding momenta will be mu, mv, mw, where

u, V, and w are the component velocities of translation of that centre

of mass. Then in this case, if Jj...jj- Pf-Pff be the remaining

coordinates and momenta of the molecule, the chance of the mole-

cule's variables being within the limits x and x + dx...^^ and

Pit + '^Pa ''^ ^ pronortional to

» dx dy dz dq^...ap^e 2 du dv dw.,,{l),

(there T, the kinetic energy of the molecule, is equal to

where / is a quadratic function of the ^'s, having as coefficients

known functions of the q's.

_ If we integrate the expression (I) for all possible values of x, y, z,

if9a Pf'Pff ^° obtain an expression of the form

Be 2 dudvdw (II),

where i? is independent of «, «, and m, and c-= u°-t-»^ + !c*. From
theformof (II) itfollows, exactlyasin thecasesofthe elastic spheres,

that the chances of all directions of the velocity of translation of a

molecule are equal, that the mean velocity and mean square velocity

of translation of each molecvde are

2^ nAT

wmh.
and-i

mh

2h'
respectively, and that the mean kinetic energy of translation is

bnd the same for a molecule of any set.

Again, if T be the mean total kinetic energy of the molecule, then

1 l//...T.e-^OC-¥T)^_ap
r-'ll (Ill);

and if we evaluate this expression, paying attention to the form of

7 as a quadratic function of the p'a mentioned above, we shaU find

for (III) the expression _.

It follows from tnis result that each additional degree of freedom

of the molecule increases the mean total kinetic energy of the mole-

cule by the quantity --, which is the mean kinetic energy of trans-

lation parallel to any one of the axes, and that the total kinetic

energy is proportional to the number of such degrees of freedom.

If, again, we integrate the expression (I) for all values of the

(nomenta, we obtain an expression of the form

Ce-'^X dx dy dz dq^.-dq^ (IV),

^t,re xiathe vtt^ntial energy of the molecule due to fixed contro

and to interatomic forces in the position defined \>j x, y, z, qf-qj.
The dimensions of the molecule are so small that we may regard
forces from each fixed centre on different parts of the molecule as
parallel and equal and functions of the distance of the centre of
mass from that fixed centre, so that, if the part of x arising from
these fixed centre forcas be called Xi, Xi ^i" he a function of x, y, z,

and of these variables only, the remaining part of x (arising from
interatomic forces), which may be called Xm 'fiU I'e a function of
the (J - 3 variables q^ . .q^

If in (IV) we write Xi -f Xj for x, and then integrate for all values
of J4...jff we obtain an expression of the form

i)c-*Xi di dy dz (V),

where Z> is independent cf x, y, s, and therefore p the density of

the ,iV molecule matter in the neighbourhood of the point a;, y, z. is

mDe-'-XK
From these results all the propositions proved above with reference
to the aggregate of elastic spheres or monatomic molecules, as to the
correspondence of the physical properties of such an aggregate with
those of gases as indicated by the gaseous laws, may be deduced

also for this aggregate of"polyatomic molecules. So that if T be

equal to —, or the mean kinetic energy of agitation of any one of

the aggregate of moving molecules, if v bo the volume occupied by
unit of mass, r the number of molecules in unit of volume, and m
the mass of each molecule, we have, exactly as in the case referred

»rir = l, pv=l,

and pv=—rT.
3

We also get the ordinary hydrostatical equations

1-^- dp_
Ty-^

py, 1="^

mX, pi=-mY,
ff=-"'^'

from this expression for p combined mth the equation

p = mDc-^Xi^
remembering that

^'=. .,.„, —
dx ' dy

whence the coincidence of the physical properties of this aggregate of

polyatomic moving molecules with those of a gas, on the assump-
tion that the temperature represents the mean kinetic energy of

agitation, is at once apparent.

It can be shown also that the aggregate of moving molecules,

such as we conceive a gas to be, possesses another very important
physical property which, by its analogy to the second law of thermo-

dynamics, affords additional eWdence of the relation between the

phenomenaof heat and those of aggregates in some kind of motion,

—

the property in question being that, if in any aggiegate of moving
molecules the mean kinetic energy of any one of them be called

T, and if SQ be an increment of energy imparted to the aggregate

from without, then — is a perfect differential.
T

If to this aggregate we apply a certain small quantity SQ of heat

or energy from without, and if St be the increase of the mean
kinetic energy of agitation when the volume is unaltered, then

this constancy of volume prevents any of the energy SQ from being

absorbed in doing external work ; but it is conceivable that the

increase of t may cause such a change in the average state of the

molecule as to produce a variation Sx in the mean potential energy

of the molecule, Sx being proportional to St.

Therefore

«-'{f*t}"-
But

therefore

T=
2A 3 2A 3

'<^ ='-{i-$}'-
If tho volume vary by 5v, the pressure being constant, then we must
add external work, or ;;5i', to the energy absorbed, so that if the whole

external energy now applied be S'Q, and the increase of tempera-

ture 5t be the same in ooth cases, we have

r(I.-i-^)ST-^pSo
FO \3 dr/

^_

'' <i-i)-
Bat iSp be constant, then as before

pSv = 'i S St,
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and therefore the ratio of fQ to iQ, or of the two specific heati at

constant pressure and constant volume respectively, -Uicomes

<r + 3 I''- + 2
dr

dr

^ ia nnknown in all respects except that it must be positive ; also

we know that <r must bo integral and not less than 3 ; if we denote

dy
3 -ji by e we have for the ratio

<r + 2 + «

a + t

a + c

which, with the necessary limitations of tr and e, cannot be greater

than 1 1 or 1 -6, and in this limiting case the gas must be mon-

atomic.
If, therefore, any value above 1 6 of the ratio for mercury vapour

be insisted upon, the theory must be abaudoned so far as present

investigations are concerned. If, however, the difference between

1 '6 ana any higher value given by the observations be regarded as

within reasonable limits of experimental error, this value for mercury
Tapour, a gas which on chemical grounds is regarded as monatomic,

may be viewed as contirmiug tlie tlieory, at least joro tanto.

If two spherical atoms were united by a rigid rod to form a mole-

c-ole, such a molecule would have five degrees of freedom and the

specific heat ratio would in this case be 1|, for e would then bo

zero. Tliis value ha^ a plausible approximation to the observed

value 1'408 of the ratio in a great number of two-atom gases, such

as hydrogen, nitrogen, oxygen, and others, but all observations

agree so completely in the ratio l"i03, or from 1'405 to 1'408, that

it hfrdly seems reasonable to regard the difference, '008 as ivithin

the limits of experimental error, unless, indeed, we had grounds
for suspecting a tendency to excess in all the methods employed for

the determination of the ratio. But there are other difficulties

more formidable still, arising from the spectroscopic properties of

heated gases. The light emitted by such gases, so long as they are

of no great density, never presents a continuous spectrum, but a

spectrum consisting of bright lines with intervening dark spaces.

Thus the spectrum of hydrogen gives thirty-two bright lines, that

of mercury vapour six lines, that of nitrogen eighteen, and so on.

So long as light is regarded as an energy intercommunicable with
heat, and light of definite refrangibility is referred to vibrations of

given period, we must regard these discontinuous spectra as con-
nected with, and arising from, vibrations of determinate periods in

the molecule of the heated gas. And if a gas such as hydrogen or
nitrogen be constituted, as we are supposing, of an indefinite repe-

tition of similar molecules, it must follow that such molecules must
oo capable, at any rate when not too closely packed together, of as

many independent vibrations as there are bright lines in the spec-

trum ; that is to say, in addition to the three degrees of freedom
arising from motion of translation in solid space, each molecule
must possess as many additional degrees of freedom or possible
relative motion of its parts as are indicated by the number of spec-
trum lines. The degrees of freedom corresponding to motion of
translation cannot well contribute anything to these luminous
vibrations owing to their assumed irregularity and independence of
any law ; but it is othen\ise with the internal or relative degrees of
freedom of each molecule, for, unless the gas be very dense, we may
easily conceive a sufficient interval of time between one encounter
and *''<) lext of any molecule with another for very many vibra-
tions, ijj^cu according to its own law, to take place in the relative
positions of different parts of the molecule. At each encounter the
whole molecule would be roughly shaken, and when the encounters
increased in frequency the vibrations would become irregular and
the spectrum would degenerate into a general diffused light of no
definite refrangibility, just as music degenerates into ordinary noise.
And this is exactly what occurs in the spectra of dense gases.

To bring the theory, therefore, into agreement witn observed
phenomena, we rcouire very many more degrees of freedom in each
molecule than could poMibly be assigned to it ia accordance with
the observed value of t!ie ratios of the specific heats,—mercury
vapour, for example, admitting witli difficulty the minimum number
of three such degiccn, as we have just now seen, while its spectrum
would require at leiist nine. And the difficulty increases as we pass
to hydrogen and other gmes.
We might perhaiw conceive, with the view of possibly explaining

this difficulty, that there were in all gases a number of composite
moleoftles uith many deCTCCS of freedom mixed up with the other
moleculee ^\'ith three or five such degrees, but in so small a propor
tion to fhoee molecules that tbcir presence produces no appreciable
effect upon the s|i«-ihc hrats ; or, since wo have no experimental de-
terminationofiliesiiocifie heats ofgases at light-giving temperature,

we might, at least until such experimental determination has been
arrived at, conceive that our atoms may change their constitution

under increased temperature, and become themselves capable of

vibration. There is nothing in the conception of an atom as we are

consideriug it which is really inconsistent with such an hypothesis.

Certain obser\ed phenomena accompanying dissociation and com-
bination give rise to other difficulties in the way of the acceptance

of the kinetic theory in addition to those arising from the equal

distribution of mean kinetic energy just now discussed. For when
nitrogsn and hydrogen, for example, are mixed in proportion to form
ammonia it is observed (1) that at ordinary temperatures they do
not exhibit the slightest tendency to combine directly with each

other, while, on the other hand, (2)ammonia at ordinary temperatures

does not exhibit the slightest tendency to decompose into nitrogen

or hydrogen. But ammonia when subjected to certain very high
temperatures becomes partially decomposed—that is, becomes a

mixture of so many parts of ammcnii and of so maoy other parts

of nitrogen and hydrogen in the proportions to foi-m ammonia ; and
if the temperature be high enough the decomposition may bo coma
plete. Bnt; in accordance with the kinetic theory, the conditions,,

whatever they may be, which at high temperature cause the ammonia
to decompose, must sometimes occur to individual molecules at

ordinary temperature, because temperature, as we understand it,

merely indicates a certain quantity of kinetic energy, and therefore

in a f^as, however cold, there will be always some molecules in a
state for dissociation ; and this dissociation having taken place can
by (1) never be compensated by recombination ; therefore dissocia-

tion should be going on in ammonia at all temperatures, and thjs

result is contrary to the observed phenomena (2). It might possibly

be conceived, as away of meeting this last-mentioned difficulty, that

the dissociation attendant upon high temperature—that is, upon an
average large molecular velocity ot translation—requires that there

should be a fairly rapid repetition of encounters among molecules
moving with dissociation velocity to ensure the production of dis-

sociation, and that in the case of a gas at low temperature, or small
average velocity, the chance of two molecules encountering one
another at high velocities is small, and the chance of any molecule

meeting with any rapid succession of such encounters is practically

insensible, and therefore that the dissociation spoken of really never
takes place.

As above statea, we conceiye that in any gas at ordinary pressure
and temperature the intennolecular forces are very small in the
aggregate—that is, in Clausius's language, have a very small virial,

—

by which is understood, not that the forces themselves, where
acting, are small, but that, considering the whole aggregate of

molecules at any instant, there are very few pairs near enough to

each other to exert any appreciable force on each other. Or, if we
could watch any individual molecule for any time, we should find

that during by far the gi-eater portion of the time it was sensibly

free from any action by surrounding molecules. The distance

traversed by the type molecule between the instant when it passes
out of the sphere of action of one molecule and the instant when
it passes into the sphere of action of the next—that is, from one
encounter to another—is called its/reepalh.

AVe may find the chance that a mofecule starting from any point
with velocity u in a uniform gas shall have free path bet^veen 2
and X + dx from that point.

If a be the chance for such a molecule of free path at least unity,
then a- is the chance of a free path at least 2. Hence the chance
of free path at least x must be of the form a\

Following the method employed by O. E. Meyer,' let ns write:

this in the form

where therefore
l=-

I'

1

log a'

then tne chance of free oath a; h- da; is

z+dx
e
" ~i^.

The chance that such a molecule shall have its first encounter
between x and x+dz is the difference of these two expressions;
that is, X

-~dx
l'

This is the thance of a free path between x and x-¥dx.
The mean free path for such a molecule, must then be

\ t' I ^x^ I e

J t>
' V

" l'\dX=l.
V

This is the meaning of the constant i in « J. But ifwe denote
by B the number of encounters which a molecule moving through
space with volocity u experiences on the average per unit of time,
——^^^—^.^^^^^^ 1

1 Ki-nttiKhe Thtorie der Cost, Breslau, 1ST7.
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J?=-;or4-=^.
I la

UeBce tne cnance.for such a molecule of free path between x
and x+dx is

„ .Si •

-e "<&.
w

witn tne aoove dehnition bf B.
The chance of a molecule whose velocity is a having ftee path

* is of course the same as the chance of its free path naving the

duration -2-. lit=— the chance of duration between t and t + dl
u u

is thus R— e-^adtxoTBe-^'dt. .u

Meyer detennino* the value of S, if the molecules be spheres, jn

the form

2
where 0= ~7=^ • and a is the sum of the radii of two molecules.

Wirh

It will be observed that the series converges very rapidly il ofh
is less than unity, the successive coefficients being

1 11 -1 + ^

3 ' 30'
*

210 ' 1512 '
"""

11880' "

naving lound B for the number of encounters experienced per unit
of time by a molecule having velocity w, we have for the average
number of encounters experienced by any molecule per unit of time,

which we denote by C,

4 .-00

7=-A*/. e-^'^'u'Bdu.
sl-n

IVom which Meyer dednces

0=1 •Jilt
N^

= 0V2. .Wits'.

Hence the mean value of the free path for all molecules, irresnec-

tive of velocity, is i= -i- =-

Thus the kinetic theory of gases presents to us tne conception oi

apparently perfect rest, as the result of motion irregular in detail

but permanent and stable on the average/ Whatever difficulty

may be felt at first sight in the acceptance of this theory in the
case of a inedium at rest is greatly enhanced when we pass to the

contemplation of a disturbed medium like a mass of gas through
which a wave of sound is passing. In our ordinary investigations

of such a disturbance the gas is treated as a continuous body, sub-

jected to email relative motions of its parts, accompanied by corre-

sponding variations of internal pressure. When a disturbance or a
local condensation or rarefaction is set up in any portion of this gas

we calculate the resulting effects by the well-known equations of

sound motioii. But on this kinetic theory the medium is supposed

to consist of a number of discrete masses—elastic spheres or the

like—which preserve the physical properties of the medium merely

by the recurrence of their mutual collisions, such collisions obeying

no law in individual cases, but preserving a certain average uni-

formity in the motion of the whole aggregate ; and we need some
further investigation to assure ourselves of the applicability of the

ordinary treatment of wave motion to such a medium.
Now we observe that the physical properties of our medium, so

far as the relation between pressure, density, and temperature is

concei'ned, merely require that the temperature be measured by the

mean total kineticr energy of translation, and that the mean kinetic

energy of translation parallel to any fixed line be equal to one-third

of the mean total energy of translation. If the molecules constitut-

ing any portion of this medium were animated by a common velocity

or acceleration, the physical properties of this portion would be

similarly determined by the velocities and kinetic energies relative

to the common motion. When the distribution of such relative velo-

cities is stable or permanent, the average relative kinetic energy in

any fixed direction is one-third of the average relative total kinetic

energy, such property constituting normal distribution.

Suppose that in any portion of a medium, consisting of equal

elastic spheres, this distribution has been disturbed— that is,

2m!t=, 'Lmi?, and Smw' are unequal. If Twere the relative velo-

city of any pair of spheres after such disturbance and before they

collide, and 6 the angle between Y and the common normal at the

point of impact, then the normal and tangential relative velocities

before impact are fcos^ and Fsinff, and after impact they become
- Fcos 6 and Ksin 9 respectively. The relative velocity after im-
pact, resolved in the direction of relative velocity before impact, is

therefore

- rcos'SH-rsin=e,

or - r'cos29 ; and the chance of being between 6 and O^rddSa

sin 29 de.

Therefore the average sqnre relative velocity resolved in the
orieinal direction becomes after impact

yt

/:

T yi
cos' 29 sin 29 rfff, or -5-.

The relative velocity after impact in the plane of V, and the
normal perpendicular to the direction of V before impact is

r sin 9 cos <? -I- K sin 9 cos 8, or V si i 29.

And, if a fixed line be taken in the plane perpendicular to V, the
average value of the square of the relative velocity after impact,
resolved parallel to this line, is

2jr H Jo

17a

sin» 2$ cos'0 de d^, or -5- as before,

Hence wo conclude that, in whatever manner the distribution is

disturbed in any poition of the medium at any instant, it will, for

all those pairs of spheres which within any given interval encounter
each other, have a.'ssumed the normal distribution after that interval.

If T denote the average time between two collisions for any given
sphere, the chance that this sphere shall continue for any time t

_ t_

free from collisions is, as we have seen, e t
.

If, therefore, D be the number of spheres within any region whose
total relative velocity is between w and w^dw, but so distributed
that the mean square of their relative velocities along any fixed

line is not -— , then after a time t considerably greater than r, say

ten times r, the number of the D spheres which have escaped col-

lision will be utterly inconsiderable, and the distribution will have
become normal throughout the region.

Suppose, for instance, that a sound wave is passing along a tnbe
filled with air.

C K P C R

d D
the air m tee tube is, at any instant, in a state of alternate com-
pression and rarefaction, as at O, R, C, R above.

If the note sounded be (say) 500 vibrations per second, the length
of the wave CR is about VnV feet, and the time taken by the wave
in traversing that distance is about T^ijth of a second.
The air in any section of the tube near P has alternately a small

positive momentum and an equal small negative momentum; the
reversal taking place in every j^Tjth of a second ; also the same cause
which produces the average momentum in either case disturbs the
distribution of energy among the a^ j/, and « directions, i. ;. , it is

always producing an excess or defect in mu^ above or below that of
inv^ and mid^. By what has been proved ^bove, this abnormal
distribution of energy becomes inappreciable, owing to molecular
collisions in a time considerably less than rsViith of a second—in
fact, in about uTi-iiVinniTith of a second, when the value of T for
atmospheric air is considered. It is therefore legitimate, in calcu-
lating the velocity of sound in air (at least on the elastic sphere
hyjjothesis), to regard the distribution as always normal in any
section of the tube, the air in that section or in any elementary
portion of it possessing, as a whole, any given velocity or accelera-
tion, estimated as if we were dealincr with a continuous mass.

Diffusion of Oases.

If any further light is to be thrown on the physical

nature of a molecule from investigations, experimental or
analytical, concerning gases, it will most probably be by
means of experiments on the diffusion of gases, or else on
the internal friction or viscosity of gases, and the com-
parison of these results with those obtained analytically

by the methods of the kinetic theory. Such investiga-

tions have been undertaken experimentally by Graham-,

Loschmidt, Maxwell, O. E. Meyer, and others. An ac-

count of them wOl be found in O. E. Meyer's work above

referred to. fhe same problems have also been discussed

analytically by Maxwell,' and by Stefan, O. E. Meyer, and
Boltzmann in the treatises referred to below. We pro-

ceed to give a short account of Meyer's results.

I Phil. Mag., July 1860, and Feb. and March 1868.
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The term " difPasion " has sometimes been applied to the

process by which a gas passes through a porous diaphragm.

This, however, is now generally denominated transpiration.

It has also been applied to the expansion of a gas into

vacuum, as on the removal of a diaphragm separating the

gas from an exhausted receiver. This is now generally

denominated free expansion. We shall understand, as is

now usual, by the term diflfusion the process by which,

when two or more gases are mixed throughout any space

in different proportions at different points, but so that if

all molecules were of the same gas the whole would be in

equilibrium, the different gases pass through each other

and tend to equalize the proportions at all points in the

space.

Suppose, for instance, a tube containing a mixture of two gases, A
and B, at constant temperature and constant pressure of tne com-
bined gases throughout the tube and subject to no forces, but the
density of gSLsA increasing and that of £ diminishing from one
end of the tube to the other. Let the axis of the tube be taken for

the axis of x. If J/^ be the number of molecules of gas A, and JVj

the number of molecules of gas £ in unit volume, we have, owing
to the constant pressure and temperature at all points of the tube,
JV, + A^, = A', o constant. But at a given instant iV„ and Aj at any
point are severally functions of x. It will be found that under
these circumstances more molecules of gas A pass through any sec-

tion of the tube, which may be in the plane of yz, in one direction,

say from left to right, than in the opposite direction. On the
other hand, more molecules of gas £ pass from right to left than
from left to right. And this wiil go on till the mixture becomes
uniform throughout the tube.

The investigation of the rate at which the unequal distribution
tends to equalize itself in this simple case—that is, the excess of the
number of molecules of gas A which cross a section of the tube from
left to right over the number crossing in the same time from right
to left—is the problem of diffusion. We give the results obtained by
0. E. Meyer as follows:—if the molecules of .the two gases had the
same mass and dimensions (to put an ideal case), then the excess of
molecules of either gas passing through the section in one direction

—

that is, the stream velocity—would be -5 -j-f u?, where I denotes

the mean free path for a molecule having velocity u, and al is the
average value of that function for all molecules of the gas.

When we come to deal with two gases, the molecules of one not
being of the same size and dimensions with those of tho other, we
shall find that, in the absence of any common velocity of the two
gases at the plane of y:, more, or fewer, molecules of gas xi would
cross the plane per unit of time from left to right than of gas B
from right to left, because, assuming constant pressure and tem-
perature of the mixture at every point in the tube, the number of
molecules of the two gases combined must be the same at every
point—that is, If, + 2f^=A', wh»re Nia constant. Hence

dx dx

'

Now the excess of molecules of gas A coming from left to right

per unit of time is -— -^ al^ and similarly the excess of mole-

cules of gas £ crossing from right to left per unit of time is

1 d.V, — . -
.

•3" -^ w'to if we now distinguish by aufixes a and b quantities

relating to the two gases respectively. Here ?„ and ?j are mean
free paths far velocity u of the two kinds of molecules through the
mixed gases, and ul^ is not generally equal to «7j. Hence the
total number of molecules crossing the plane from left to right ex-

ceeds the number coming from right to left by -^ -^ {1^1^ - ZTl^).

Meyer here assumes that the combined gases have a common
, . 1 dy —- —

velocity - Y dx '"'• ~ "'w' '""^ *'"' ™<='* common velocity

will not affect the relative motion of the molecule?. On that hypo-
thesis the rate of diffusion can be calculated as follows. The pro-
portion of the stream of the combined gases which tonsists of mole-
cules of gas A is

JV. + A', 3 dx i^'a-^hi-
Henr

, the total surplus number of molecules of gas A passing
througJv_i' t area of the plane per unit of time is

- 1 dN^ , — _
,

"8(A^, + iV^ 5r ^^» "'« + ^- <! •

The expression

is defined to be the " coefficient of diffusion " of gas A into gas B.

It is evidently the same as that of gas B into gas A.

TKi Helation of the Coefficient of Diffusion to Density.—It can

be shown that l^, the mean free path for a molecule having velo-

city u, is for any single gas inversely proportional to the density,

and for any mixture of eases inversely proportional to X, the ag-

gregate volume occupied by matter in unit space. Hence, in the

expression -^ ul -jr, oil is inversely proportional to the density,

or to X, as the case may be.
• 1 j*r

Now the rate of diffusion on this theory depends upon -_ __ uJ.
3 dx

Hence, given the absolute increase of density of a gas per unit of

length, that is, given -3—, the rate of diffusion ought to vary in-

versely as the density of the combined gases. On the other hand,

given the proportional increase of the density, or r^ -7—, the rate of

diffusion ought to be independent of the density, because in that case

-jzr varies directly, and ul inversely, as iV. The analytical result,

dN
that at given temperatures, and given the absolute value of -=—, the

rate of diffusion is inversely proportional to the density of the gases

agrees with the experimental results obtained by Loschmidt for

carbonic acid gas and air, carbonic acid gas and hydrogen, hydrogen
and oxygen.^
Mdalion of the Coefficient of Diffusion to Temperature. —The

coefficient of diffusion varies directly as the square root of the abso-
lute temperature, for _

- cu»

wl= £'

and jvT

VF

I

uVa Jo '

or, if oy/h= y,

s/h\ y J^ '^f

Hence

£'
'•/wNs'

f{y).

where ^ denotes a certain function, and

cc h
i:"-'^'i':ki:

-Awacj'

This analytical result also agrees fairly with Loschmidt's experi-
mente above referred to.

Friction ob Viscosity of Gases.

Suppose two layers of gas separated by an imaginary
plane, similar in all respects except that the molecules of

one have a small common momentum in a certain direction

parallel to the plane. We may take the imaginary plane
for that of i/z, and the average direction of motion of the
molecules on one side of the plane, e.ff., the left-hand side,

for the axis of y, the molecules on the right-hand side of

the plane having no average momentum. Then the mole-
cules crossing from the left to the right side carry with
them an average momentum in the direction y, and so tend
to impress the right-hand stratum of gas with that mo-
mentum. On the other hand, the molecules of the right-
hand stratum crossing the plane into the left-hand one
have, relatively to the molecules in the latter, an average
momentum in the opposite direction, and therefore tend to
diminish the average momentum of the left-hand stratum.

1 Silmngibertchti, 1870, Bd. hd. 8. 380. 2 See Meyer's Kin. ThKrle, p. 296.
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Hence, if we attempt to cause one stratiun of gas to pass
over another in parallel planes, we experience a resistance

due to the interchange of molecules between the portions

cf gas separated by the plane. This is in some respects

analogous to sliding friction between solid bodies, and is

called by German writers the " friction " {Reibung), by Max-
well and others the " viscosity," of the gas. Meyer ' investi-

gates this effect of friction in a manner somewhat similar

to that employed in case of diffiision, and obtains for the

coefficient of viscosity J mNdil.
BelcUion of the Cocfficieiit of Viscosity to Density and Tempera-

ture.—The viscosiijiJif a gas is independent of the density, being,

according to 0. E. Meyer, -^ ul. Now, for any one gas, Z„ is, as

W6 have seen, inversely proportional to the density, and therefore

tal is inversely proportional to the density. On the other hand, N
is directly proportional to the density. Hence the viscosity is in-

dependent of the density. This agrees mth the result obtained

by Maxwell from the kmetic theory in 1860, and with the results

of experiments by Maxwell- and O. E. Meyer.' Also, experiments
by 0. E. Meyer and Springmiihl * on the transpiration of gases show
that the times in which two different gases under similar circum-

stances flow through a tube maintain the same constant ratio to

one another. , As in the case of the coefficient of diffusion, ul is

inversely proportional to the square root of the absolute temperature.

As both the coefficient of diffusion and that of viscosity depend

on the same function al, it should be possible from experiments on
viscosity to determine the rate of diffusion. Experiments with this

object have been conducted by Stefan' with very satisfactory results,

his calculated values for the coefficient of diffusion agreeing very
closely with those determined by Loschmidt's direct experiment.*
• We have given the above results for the coefficients of diffusion

and viscosity from 0. E. Meyer's work, because his method has met
with very general acceptance. It has been shown, however, by
Boltzmann,' that the method is incomplete. Meyer's results can
only be obtained on the assumption that the molecules of a gas
undergoing diffusion or internal friction, which have any given velo-

city, as JO, are movingwith that velocity in all directions indiii'erently.

We may calculate the number of molecules having velocity v! that
pass through a given plane during a short time cU, starting from
encounters at any given distance from the plane. If we assume
that the molecjiles, issuing from such encoimters with velocity w,
move indifferently in all directions, we obtain Meyer's result.

This assumption is true only of a gas at restr—that is, having no
velocity of translation—so that our result so obtained would express,

in case of diffusion, the rate at which two gases begin to diffuse, if

given at any instant both at rest—that is, with no stream velocity

—but mixed in unequal proportions in different parts of space.

In any actual case of diffusion, either of the two diffusing gases

acquires a small velocity of translation. If we take this velocity

into account in calculating the number of molecules of the gas

passing through a plane, according to Meyer's method, we shall

find that it introduces two new terms, one of which, when the
motion becomes steady, is equal and opposite to the result obtained
by Meyer. This is proved by Boltzmann in the case of viscosity in

the treatise above referred to. The same proof is easily appUed in

the case of diffusion.

Stefan's Method.— Stefan' regards the two diifusing gases as

having small velocities of translation, or stream velocities, Mj and
u-,, in opposite directions, so that the molecules of one gas, of

mass m,, have an average momentum tn^u^ in direction from left

to right, and those of the other gas, of mass m^, an average mo-
mentum m„u^ from right to left. By virtue of encounters between
the two sets of molecules, each gas is always imparting to the

other a portion of its own average momentum, and receiving

from the other a corresponding momentum in the opposite direc-

tion. The momentum «o transferred or interchanged is what
Stefan calls the resistance which one gas offers to the other's diffusion.

In this investigation Stefan assumes that all classes of molecules

of one gas, whatever their molecular velocity in space, have the

same average velocity in the direction of diffusion—that is, the same
stream velocity—so that the motion of the molecules of a diffusing

gas would be exactly represented by considering the molecules of a

gas at rest—that is, with only its molecular .velocity—at the same

* See pp. 311-325 of the work above referred to.

2 Proceedings of the Royal Society, 8th February 1866.
' 3 Pogoendorff's Annalen, 1S71, cxliii. 14.

* Pog'g. Ann., 1873, cilviii. 1 and 526.

5 SitiungsicT: d. k.-k. Akad., 1872, Ixv. 323.
« For a full account of these and other eTperiments on difhlsioD and vis-

cosity, see O. E. Meyer, Kin^tische The'orie d. Case, under the h«ads " Reibung "

and "Diffusion."
' " Znr Gas-Reibung," in the Sitzungshcr. d. k.-k. Akad., 1881.
B Memoir *'0n the Dynamical Theory of Diffusion "(Si(ruji^s6«r. d. k.-k. Akad.,

llT.)

: V, and the problem is to find the average valua

temperature and pressure, and then giving to each molecule the
additional common velocity u in the direction of diffusion. Boltz-
mann, however, shows that, in order correctly to represent the motion
of the diffusing gas, we must impart to molecules having different
molecular velocities independent of direction different common
velocities in the direction of diffusion. And it will be found faat
the resistance of the gases is sensibly modified by this property.'
The complete solution of the problem,—that is, the determina-

tion of M as a function of w, on the hypothesis that the molecules
are elastic spheres,—is difficult.

If we assume molecules to be centres of force varying inversely as

the nth power of the distance, so that the force at distance r is—
where /i is constant, we obtain the following result. We assume
the molecules of gas A whose absolute velocities are between
w and w + dw to hive an average stream velocity u in direction of
the tube, where m is a function of w. Then, if the terminal con-
dition at the ends of the tube be maintained constant, we obtain an
equation of the form

p_dNj,_in^ m^m.^ vN„N^ .

N dx 3»-3 ' OTj-t-m, untt volume
multiplied by the average valua for iJl molecules of gas A of

7t-5

uV^~ i,-whereV is the relative velocity of two molecules, one taken
from each gas, and C is a constant, and m^ m, the masses of the
molecules of gas A and gas B respectively.

By making n infinite we obtain the result for elastic spheres ; in

that case 7™-! =

oiuV.
Since p varies as the absolute temperature, and the average value

of V varies as the square root of the absolute temperature, we may
infer that the average value of u—that is, the stream velocity—wiU
vary approximately as the square root of the temperature, as it

appears to do from experimental evidence. If, on the other hand,

re=5,.F disappears, and =1. In this case the analytical de-

termination of u presents no difficulty ; but in the result the stream
velocity varies as the absolute temperature, which accords less satis-

factorily with experiments.

On Moleculae Dimensions.

Many attempts have been made in recent years to form
an estimate or conjecture, more or less accurate, of the

numerical value of the dimensions of a molecule ftnd the

absolute force between molecules.'"

In accordance with the view of the subject considered

in this article, we are here concerned ivith such specula«-

tions only in so far as they are founded upon the kinetic

theory of gases, or supported by it. The phenomena of

diffusion and viscosity especially have afforded grounds for

estimates of molecular dimensions.

It is first necessary to define what is meant by the

dimensions of a molecule. Regarded as an elastic sphere,

it has dimensions with the conception of which we are

familiar. It is not, of course, seriously contended by any
physicists that the molecules of a gas are actually hard

elastic spheres, exerting no force on each other at any dis-

tance greater than that of actual contact, and then an

infiAite force. It is necessary to conceive the forces as

finite, although they may diminish so rapidly with the dis-

tance as that the motions of molecules in the aggregate

differ little from what they would be if the molecules were

ideal elastic spheres. Nevertheless, they must be finite

forces; and, that being. the case, it is difficult, if not im-

possible, to frame a definition of the boundary of a mole-

cule, except as a certain surface at which the forces acting

between the molecule in question and other molecules

attain a certain value.

If, for instance, we were to regard a molecule as a centre of force,

9 For Boltzmann's own treatment of the subject we cannot, within the limits

of this article, do more than r«fer the reader to the memoir above mentioned,

"Zur Gas-Reibung," and another as yet unOnished memoir "On Diffusion," in

\heSit^ngsbeT.d.k..k. Akad.,\t,i2.
10 Aa account of these wiU be found in O. E Meyer's Kin. Theoru d. Case,

ill Professor Tail's Reant AJi-ancr.< in Phyimi Science, leet. ni., and in the

following memoirs -.—PhU. Mag., July 1879, " On the Siie of Molecules," by N.

D.C. Hodges- Phil, ifaj., March 1880, "On the Mean Free Path of Molecules,

by the same 'author. See also, lecture delivered by Sir W. Thomson at tli*

Royal Institution, 2d Feb. ISS.s.
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exerting an ittnietive force ^ and a repulsive force -pr, -we migbt

define'the molecalo to be a sphere of radius a, such that ^= „?.

In like manner, regarding a molecnle as a centre of force, repelling

according to the law of the inverse fifth power of the distance we

might define the magnitude of a molecule as a sphere of radius

equal to the least distance to which two molecules, whose relative

velocity is equal to the mean velocity of the centres of force,

approach each other in a direct encounter.

If on any hypothesis concerning ihe nature of a molecule, or the

law of force which acts during encounters, we can calculate the co-

effic'.ent of viscosity or diffusion analytically, a comparison of the

analytical result with results obtained by experiment may afford

the means of determining the absolute numerical value of the con-

stants used in the analysis. For example, if we consider the mole-

cules as elastic spheres, and if we consider for a moment Meyer's

results as correct, or approximately oorrect, the coefficient of

Nm—
viscosity for any single gas can be put ui the form -g- uloi,

where JV is the number of molecules in unitof volume, m the mass

of a molecule. Now, for every value of ul(g,.the mean free path

of a molecule with that velocity is equal to V^ JVirP'
'"^^'* * "

twice the radius of a molecule multiplied by a numerical factor

wluch can be determined to any required degree of accuracy, ^so
at given temperature and pressure the numerical value of ^h is

known. It follows that we can calculate the numerical value of

the coefficient of viscosity by analytical methods in terms of Nits'

to any required degree of accuracy. Let it be j^nj • If by experi-

ments on viscosity we can determine the numerical value of the

same coefficient in the form C,, when C, is a mere numerical quan-

C „ O
tity, we have immediately thu equation (^i= ^r~a> °^ AV*" = p.
This pives in absolute numerical measure the value of Nir^, or

four times the sum of the great circle areas of all the molecules in

unit of volume, supposing Qiem to be sphericaL If we attempt to

use the coefficient of diffusion instead of viscosity in this method, we
are met by the difficulty that the analytical result contains now
two unknown quantities instead of one—namely, the radii of the

respective molecules of the two gases in question. If this difficulty

be got over by a comparison of results obtained in different ex-

periments, the greater certainty attending the observations on dif-

fusion might perhaps compensate for the additional mathematical
difficulty, ana render diffusion at least equally trustworthy with
viscosity as a method for estimating molecular dimensions. Again,
on the hypothesis of repulsion between molecules according to the
law of the inverse fifth power of the distance, we can calculate
analytically the rate of diffusion b,etween two reservoirs connected
by a tube as above described, the result containing only one
nnlcnown constant, viz., ii, the constant of absolute force. Com-
paring the analytical result with the results of experiments on
diffusion through such a tube as above described, if we find them
capable of being harmonized by attributing any numerical value to

H, we should have good reason for concluding that the law of force
assumed is to a certain extent at least the true law, and that the
particular value of ,it is that which harmonizes the analytical with
the experimental asults. And the determination of ^, the absolute
force, corresponds to, or indeed is, the determination of the size of
the molecule.

Until aU the mathematical hypotheses have been fully developed,
no very great reliance can be placed on the results of such com-
parisons, even assuming that the experimental results themselves
are to be depended upon. However valuable the experiments may
be for other purposes, they are not valuable for the purpose of
determining molecular dimensions until our mathematical analysis
is sufficiently advanced to enable us to interpret the experiment.
At present it is perhaps impossible to deduce from the experiments
any other result bearing on this question than that the coefficients
of diffusion and viscosity increase with increasing temperature, and
probably contain an important term proportional to the square root
of the absolute temperature. If, incfeed, it can be shown that that
is the only term, and If it can be also shown that the density of one
of two diffusing gases in a tube through which steady diffusion is
going on tends to vary in geometrical progression, then the analysis
will lead us to the •conclusion that molecules of gases behave in
their physical relations to each other as if they were elastic spheres.
The following method has also been suggested for estimating the

magnitude of molecules of mercury. Mercury is regarded by most
chemists as monatomic. Let ns assume that its molecules are con-
ducting spheres ; on that assumption we may calculate the specific
inductive capacity of mercury vapour on Faraday's hypothesis to be
1 + 2X

I _j^, where X is the ratio which the aggregate volume of all the

spherical molecules in unit volume bears to unit volume. If now

K, the specific inductive capacity of mercury vapour, can be deter-

mined experimentally, the equation K= yZ^ affords a ground

for estimating the value of X,—that is, the aggregate volume of the

molecules.
, , ,r , ttt i • /• j j.

Another method, originally proposed by Van der Waals, is founded

on the small deviations from Boyle's law observed in all gases.

Suppose a vessel of volume V containing a number iV, of elastic

spheres, each of mass m, moving with a certain average kinetic

energy. Let p, be the pressure. Let a second class of elastic

spheres, in number N^ each of the same mass m as the former class

and having the same average kinetic energy, be introduced into the

vesseL If the second class of spheres could freely penetrate the

first, and vice versa, so" that there should be no restrictions on a.

sphe're of the first class and a sphere of the second being in the

same place at the same time, then the pressure on the walls of the

ves.-'^l would be increased in the exact proportion --^— . Hoyle s

law would be exactly fulfilled. But if the spheres cannot pene-

trate each other, the volume occupied by the second class of spheres

4
is not r, but V- -g-JViirr', if r be the radius of a sphere of the

first class. Consequently, the pressure due to the second class of

spheres is rather greater than it should be, and there is a small

deviation from Boyle's law. Van der Waals treats the pressure as

proportional to the number of encounters, and therefore inversely

proportional to the mean free path, which is evidently diminished

by any increase in the magnitude of the spheres, and diminished

more than in proportion by any increase in the number.
(H. W. W.— S. H. B.) .:

Chemical Aspect.

The word Molecule is used by chemists to express the unit

of a pure substance, that quantity of it which its formula

ought to represent. What this quantity is, in any particular

case, must be ascertained by studying the chemical actions

bywhich the substance is produced and the chemicalchanges

which it undergoes. We may give one or two iUustrations

to show how this can be done, as well as to indicate the

limits within which these methods can be applied.

The formula usually assigned to acetic acid is C^H^Oy
This agrees with almost all the chemical actions in which

it takes part. Thus, one quarter of the hydrogen is

replaceable by other metals, as in CjHjKOj, &c. ; and one,

two, or three quarters of the hydrogen can be replaced by
chlorine. There must, therefore, be four (or a multiple of

four) atoms of hydrogen in the molecule. Similarly, half

of the oxygen can be replaced by sulphur, and one-half of

the oxygen along with one-quarter of the hydrogen can

be replaced by chlorine. There must, therefore, be two
(or a multiple of two) atoms of oxygen in the molecule.

Again, the formation of marsh gas and carbonate of soda,

when acetate of soda is heated with caustic sodji, and the

formation of aceto-nitrile from cyanide of potassium and
iodide of methyl, show that the carjjon in acetic acid is

divisible by two, or that the molecule contains two (or a
multiple of two) atoms of carbon. CjH^Oj is the simplest

formula which fulfils these conditions, but the existence of

an acid acetate of potash and an acid acetate of ammonia,
the formulae of which are usually written CjHjKOj,
C2H4O2 and C2H3(NH4)02, CjH^Oj, as if these were com-
pounds derived from two molecules of acetic acid, might
lead us to CjHgO^, as this shows that the hydrogen is

divisible by eight. In the same way, we can easily satisfy

ourselves that CgHj^Oj, or some multiple of it, is the

formula of starch ; that CgHjNO, or sonie multiple of it, is

the formula of indigo blue, and so on. But it is not easy
to determine by purely chemical methods whether these

formulae themselves, or multiples of them, really represent

the molecule. A simple formula may suffice for a great
many of the reactions of a substance, and may enable us
to represent a great many of its derivatives, and yet
reactions and derivatives may be discovered which require

a multiple of that smiple' formula. This has already been
indicated in reference to acetic acid, and a very striking
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illustration is supplied by mellitic acid. For a long

time the formula C^HoO^ was used for this acid, and by
means of it all the then known derivatives were repre-

sented. But later investigations by Baeyer proved that

this formula must be multiplied by three, the new deriva-

tives obtained by him not being capable of representation

with any formula simpler than Ci2H|jOi2- Very many ex-

amples of the same kind might be adduced, but those given

may serve to show the nature of the difficulty of settling

the formula and with it the molecular v/eight of a sub-

stance. It need scarcely be said that the multiple formula

represents everything which the simple formula represents

and something more, and that chemists as a rule take the

simplest formula which will answer the purpose. These

chemical methods of determining the formula and mole-

cular weight apply equally to all pure substances, but they

do not give us absolute values, only nun'bers to which
the molecular weights are proportional. -Ind for purely

chemical purposes these are all that we require. Thus,

when a chemist speaks of acting on a molecule of suc-

cinic acid with two molecules of pentachloride of phos-

phorus, he means that he mixes them in the proportion

of 118 parts of the former to 2 x 177'5 of the latter.

For the sake of precision we sometimes speak of a mole-

cule of water (or other substance) in grammes, or even of

z,(jramme-moUcule,& grain-molecule, &c. Thus, in the case

just mentioned a gramme-molecule of succinic acid nieans

118 grammes of succinic acid, &c.

But, while for practical purposes these proportional

numbers are quite sufficient, we cannot leave out of view

their relation to the actual constitution of matter. There

is good reason to believe that matter consists of discrete

particles, and that every pure substance is made up of

small portions of matter, all aUke, so that one of them, if

we could examine it, would give us a complete idea of

the chemical composition, constitution, and character of

the substance. These small portions, of which the smallest

quantity of the substance which we can examine contains

many millions, we may call molecules. From the character

which we have supposed this molecule to possess—viz., that

it fully represents all the chemical properties of the sub-

stance—it will be seen that these real, ultiviate molecules

must be proportional to the molecular weights ascertained

by chemical means ; so that, while for practical laboratory

or manufacturing purposes we use the gramme, the pound,

or the ton as our unit, and speak of 18 grammes, pounds,

or tons, as the case may be, of water, as a molecule (or

gramme-molecule, ton-molecule, &c.), in dealing with the

actual constitution of matter we should use as our unit

the mass of a single atom of hydrogen, and our gramme-

molecule would then be a definite, very large, but not yet

accuriitely ascertained, number of real molecules.

It has been already shown above that, on the kinetic

theory of gas, a gas consists of a number of particles

moving about in straight lines in all directions, and that

in a homogeneous gas which follows Boyle's and Charles's

laws these particles are all alike. The masses of the

particles of different gases are therefore to one another in

the same proportion as the densities of the gases, tenipera^

ture and pressure being the same. Thus, in gases, the in-

dependently moving particles of the kinetic theory are the

molecules of which the chemist is in search, and it becomes

important that we should compare our chemically found

molecular weights with the densities. Theoretically accu-

rate results could be obtained only in the case of a perfect

gas ; but small deviations from Boyle's and Charles's laws

do not interfere with the ' application of this rnethod.

Chemical methods, as we have already seen, lead us to a

particular number, or a vtuieiple qf it, so that omr choice is

as a rule limited to two or three numbers widely differing

from one another. We find that if we do not exceed the
limits of chemical stability a gas approaches the state of a
perfect gas as the temperature increases, or as the pres-

sure diminishes. Now if one of the numbers rendered
probable by chemical evidence ^nearly coincides with that
given by comparison of gas densities, under conditions
where the substance sensibly deviates from Boyle's and
Charles's laws, we find that by diminishing the pressure or
increasing the temperature within the limits of chemical
stability, and thus bringing the substance nearer the state

of a perfect gas, the correspondence between these two
numbers becomes closer. This . has already been pointed
out and illustrated in the article Chemistry, vol. v. p. 469.

^Ve can now compare the results, in the case of gases,

of the chemical and of the physical uctErraination of

molecular weight, by giving some examples, placing side

by side the formula and molecular weight adopted by
chemists, and the mass, in grammes, of the gas occupying
the volume of 22-33 x 760//) x (273 -1- 0/273 litres. This
volume is that which one gramme of an ideal gas having
the molecular weight 1, and perfectly follo\ving Boyle's

and Charles's laws, would occupy at pressure p millimetres

of mercury and temperature t° C. If, then, w be the mole-

cular weight of any gas, w grammes of it should occupy
^his volume, and slight deviation from this would indicate

slight deviation from Boyle's and Charles's laws. In the

annexed table w is tlie molecular weight and m the mass
contained in 22-33 x 760//> x (273 -I- <)/273 litres. Where
the temperature is not specially stated, the determinations

were made under the usual atmospheric conditions.

Sulphuretted hydrogen
Nitrous oxide
Ammonia -.

Carbonic acid
Marsh gas'

defiant gas

Hydrogen ...

Oxygen
Chlorine ...

Phosphorus
Arsenic

Sulphur

Bromide of alumininin
Feme chloride

Sal-ammoniac
Oil of vitriol

Pentachloride of phos-

1

phorus
J

Sulphide of ammonium .

Formula.

HjS
N.O
NHs
COj
CHi
CjHj

H,
O,
Ct,

P4
As.

l-s,
AljBr,
Fe,CL

NHjCl
H2SO1

PCI,

(NHJ5S

34

44

17

44

16
28

2
32
71

124
300
192
64

534
325

53-5

98

208-5

34.-04

44-08

17-12
44-14

16-13

28-44

2
32
71-27

125-9

294-5

194
63-5

537-5
328-8

29-6

50-24

/140
\ 105-4

22-75

at 100° C.

„ 500° C.

„ 860° C.

,, 500° C.

,,1000° C.

„ 440° C.

„ 440° C.

at 350° 0.

„ 440° C.

„ 200° C.

„ 300° C.

„ 80° C.

A comparison of the values of w and m leads to the

folio-wing conclusions :

—

(1) In the case of a very great number of substances, of

which only a few specimens are given in the table, the

two determinations agree, the slight differences often

observed being evidently due to deviation of the sub-

'stance from the state of a perfect gas. (2) In a consider-

able number of substances, physical evidence leads to a

multiple of the simplest number satisfying the chemical

conditions. This cannot be looked upon as a disagreement

between the methods, because, if a particular formula satis-

fies the chemical conditions, any multiple of it, -will neces-

sarily do 80 ; and indeed, in mauy of the cases wc are now
considering, it is possible from chemical considerations 53

justify the! higher molecular weight after it has been sug-

gested, although such chemical considerations might not

in all cases have warranted its adoption without external

support. Thus, jre are not -without chemical evidence in
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favour of the formuis Hj, CU, O^ or even Al„Br„ and FeoClg,

although chemists would probably have contented them-

selves with H, CI, O, AlBrj, and FeClj, had it not been for

the evidence of gas and vapour density, and certainly with-

out the latter no one would have thought of P^, As^, or Sg.^

(3) There are a number of substances in the case of

which there is an apparent disagreement between the

results of the two ways of determining molecular weight.

Such substances are said to have an anomalous gas or

vapour density. The expression anomalous vapour density

is sometimes applied to the case of such substances as

phosphorus and arsenic, but not very accurately. It

Would be better to say that these substances have an

vnexpecUd vapour density, because their complex molecular

formulie, while not clearly indicated by their chemical

character, are not at variance with any established law.

We shall therefore reserve the term " anomalous vapour

density" for those substances the molecular weight of

which as given by their vapour density is not reconcilable

with any formula which is chemically admissible, In

the case of some substances, such as the oxides of chlorine,

it has been shown that the discrepancy was due to errors

of observation, impure specimens having been used in

the experiments ; but there stLU remain many substances

having, in the sense above indicated, an anomalous vapour
density. These substances have therefore beeo examined
with special care, with the result, of completely vindicating

the kinetic theory, and of disclosing a very interesting

and theoretically important kind of chemical change. We
shall take, as instances of such anomalous vapour densities,

the substances in the last division of the table, and show
how the anomaly has in these cases been explained.

Sal-ammoniac has the composition represented by the
formula NH^Cl. 'This formula agrees with all the chemical
actions of the substance and of all the substances in any
way related to it, but it does not agree with the results of

vapour density determinations. 'When sal-ammoniac is

heated it is converted into vapotu' or gas, and this vapour
or gas b reconverted into sohd sal-ammoniac when it is

cooled. This looks exactly like the process of sublimation,
and it was universally supposed that the vapour given
off when sal-ammoniac is heated was really sal-ammoniac
vapour. But its vapour density corresponds, not to the for-

mula NHjCl and the molecular weight 535, but to the
half of this. Now this formula does not admit of divi-
sion, and the explanation at once suggests itself, that
the vapour examined was not really the vapour of sal-

ammoniac, but of hydrochloric acid and ammonia gaseSj
the products of the decomi>osition of sal-ammoniac.

This would of course completely explain the apparent
anomaly ; each molecule NH^Cl dividing into two mole-
cules NHj and HCl, the gas from a given weight of sal-

ammoniac would of course contain twice as many molecules
and occupy twice the space which it would do if no such
decompooition had occurred. On this supposition the
mixed gases would remain nncombined as long as the
temperatiue was above the decomi>o.4ng point of sal-
ammoniac ; if the temperature fell below this point they

' It is important ns a matte- of pcientifto liibtory to nolo th.it this
agreement of gas density an.l chemical molecular weight was first
indicated by Gay-Lussac, who showed that the ratio of the densities of
two gases stood in a very simple arithmetical relation to tlio riitio of
their chemical eqxuvnlenU. ^ Avogadro in 1811 brought forward his
famous h>iiotliesis, that the number of molecules in a given volume of
gas U independent of the nature of the gas, or that the densities of
gases (temperature and pressure being the same) are to one another
as the masses of their molecules. This hypothesis is now shown
to be in accordance with the kinetic theory of gas, nnd is known as
" Avogadro's law." See Atom, vol. iii. p. 40, where a slight con-
fusion has been caused by using the word "equivalent" instead of
'molecule," and by not sufficiently distinguishing between the discovery
of Gay-Lussac and tlie hypothesis of Avogadro.

T^uld unite and reproduce sal-ammoniac. It was nece^

sary, however, to prove that this decomposition occurs.

As has been shown above (p. 618), the rate of diffusion

of a gas depends upon its density. In this case the two

gases into which the .substance may be supposed to brec*'

up at the moment of volatilization differ considerably i_

density; we ought, therefore, to be able to effect p.nrtial

separation by means of diffusion, and it has been shown

that such partial separation actually does occur. Thus,

if we have hydrogen gas on one side of a porous dia^

phragm and volatilized sal-ammoniac on the other side,

we find after a time that, mixed with the hydrogen on

the one side, we have what we may for shortness call sal-

ammoniac vapour— that is, a vapour which when cooled

forms soUd sal-ammoniac— -ivith an excess of ammonia^
which, being less dense than hydrochloric acid gas, has

diffused faster ; while on the other side, also mixed with

hydrogen which has diffused through the diaphragm, wa
have sal-ammoniac vapour with excess of hydrochloric acid,

the denser and more slowly diffusing gas. This of course

proves that the decomposition has occurred, but it does

not prove that the vapour of sal-ammoniac consists entirely

of hydrochloric acid and ammonia mixed wiih. one another.

That this in fact is not the case has been shown by an
ingenious experiment. The two gases were separately

raised to a temperature higher than that at which sal-am-

moniac volatilizes, and were then allowed to mix in a vessel

kept at the same temperature as. the two gases. In this

vessel a delicate thermometer was placed, and it was found
that the mixing of the two gases was accompanied by a
small but very decided evolution of heat. This proves
that some chemical combination takes place, and that the
mixed gases must contain some vapour of NH^Cl. More-
over, careful determinations of the vapour density of sal-

ammoniac prove that it is a little more than the mean
of the densities of ammonia and hydrochloric acid (as

compared with air at the same temperature and pres-

sure, rOl instead of 0-9255 at 350°C.); and this increase

of density on mixing the hot gases is easily explained by
supposing that a small proportion is in the condition of
NH.,C1, while the most of the gas consists of separat**

NH3 and HCl molecules.

In a similar way it has been shown that the vapour of

oil of vitriol is a mixture of two vapours,—that of water,
HjO, and that of sulphuric anhydride, SO3 ; and that;

sulphide of ammonium when volatilized breaks up into
two volumes of ammonia and one of sulphuretted hy-
drogen, (NH^)2S = 2NH3-i-H2S. We find, therefore, that
in the former case, as in that of sal-ammoniac. 10 = 2m,
and in the latter, %o = Zm.

This peculiar kind of decomposition is now known by the name
"dissociation." (See vol. v. pp. 475, 476.) In the cases we hava
mentioned the substances undergo nearly complete dissociation at;

the temperature at which thej volatilize, and recombination takes-
pl^co when the} are cooled and again assume the solid, or, as ia
the case of oil of vitriol, the liquid state. . These substances ar»
therefore not suited for the illustiation of the whole course of
dissociation. This has beer. carefuUj studied in the case of soma
compounds, in which the dissociation is far from complete, at th&
boiling point of the substanf-e, with the result that, if AB be th-
compound dissociating iuto the separate molecules A and B, we
may represent the amount of dissociation as the ratio of the num-
ber of pairs of separate .^'and B molecules to the total number of
l)air3 of A and B, both separate and combined. Thia ratio we may-
call R, so that when dissociation is complete 7i = l.

(1) .R increases as the temperature rises. (2) d ftfdl (where t is-

temperature) is a maximum ^Wlen J:=i. (3) The presence of excess
of cither A or B diminishes the ^ahlo of R. For instin'e, PCI, i»
nearly completely dissociated into PCI3 and CI., at 300° C. ; but if a
large excess of PCI3 is mixed with the vapour it is found to contain

h) pothosia Thia is, that for each caso of JissociaHon there is a.
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limiting value for the internal kinetic energy ' of a molecule of AB.
If a molecule of AB, by encounters with other molecules or with
the wall of the vessel containing the gas, acquires a greater amount
of internal kinetic energy than this limit, it at once breaks up into
A and B, so that in the gaseous mixture there are no molecules of
AB having more internal kinetic energy than the limit. Further,
if two molecules, one of A and one of B, meet one another with
such a velocity and with such an amount of internal kinetic energy
that together the internal kinetic energy is less than the limit, they
will unite to form a molecule of A£. Thus the molecules with
great internal kinetic energy will be separate molecules of A and
B ; those with small internal kinetic energy will mostly be united as
AB. This hypothesis has been to a considerable extent worked out
and applied by Pfaundler and by Naumann, and the deductions
from it agree fairly well with the results of experiment ; but in some
points the theory has not been fully developed, and in some it does
not seem altogether to accord with observed facts. Some of these
difficulties have been mentioned above. We know enough of the
nature of dissociation to see that it belongs to the class oi balanced
chemical actions, in which a chemical change is reversible, and equili-

brium is kept up, with constant external conditions, by the two
opposite chemical changes taking place to an equal extent in a given
time. "We can see that all such cases are explicable by the statistical

method, but we cannot apply this method mathematically until we
know more of the intimate nature of the molecules and of the way
in which they act upon one another. In this discussion of dissocia-

tion we have looked specially at the cases in which A, B, and AB
are all gaseous, because it was the question of anomalous vapour
densities which led us to treat of the subject. Dissociation also

occurs where one or two of the substances are solid or liquid.

We now see with what restrictions the method of vapour density

ia applicable to the determination of molecular weight, and we can
understand more fully the example given in the article Chemistry,
to), v. p. 469. It is there shown that acetic acid vapour does not

conform to the laws of Boyle and Charles until the temperature is

raised to about 250°, at the ordinary barometric pressure. At and
above that temperature the vapour density corresponds to the formula

CjHjO* At lower temperatures the density corresponds to a higher

molecular weight. Now Playfair and Wanklyn determined the

rapour .density at much lower temperatures than the ordinary boil-

ing point of acetic acid, by greatly diminishing the pressure of the

acetic acid vapour. This they accomplished by mixing it with a
large quantity of hydrogen, so that the pressure due to acetic acid
vapour formed only a small fraction of the total pressure. The
vapour density of acetic acid at the low temperatures at which they
worked was found to correspond very nearly with the formula
CjHgO^j and, by comparing this result with what has been said
(p. 620) of the chemical evidence as to the molecular weight of acetic
acid, we may reasonably conclude that the molecule of acetic acid
at low temperatures is CjHjOj, and that as the temperature is raised
it undergoes dissociation, each molcculn dividing into two of
CpHjOj. .This is then a case where A and B are equal, and AA
divides into A+A. Another instance of the same kind is probably
to be found in peroxide of nitrogen (Chemistry, p. 613), where
Np^ divides into NOj-hNOj. Similarly, sulphur vapour has, at
temperatures below 500° C, a density corresponding to the formula
Sj. This dissociates as the temperature rises until, about 1000° C,
the density corresponds to the formula Sj (Chemistry, p. 498).
We have now seen that chemistry receives great assistance in the

determination of molecular weight from physics, but this assistance
is almost entirely confined to the case of gases, or of substances
which can be volatilized. The phenomena of the diffusion of liquids
show us that there also there are independently moving particles

;

but the laws of liquid-diffusion have not been sufficiently gener-
alized to give us much help in the determination of the relative
masses of these particles. In liquids it is probable that the par-
ticles are very near each other, and that their shape and their
mutual action, as well as their mass and the temperature, deter-
mine their rate of motion.

In solids we have no independently travelling particles, and it is

perhaps scarcely correct to speak of a molecular structure of solids
at all. Solids are no doubt composed of atoms, and those atoms
are evidently arranged in what may be called a tactical order.
When the solid is fused or dissolved or volatilized, it breaks into
molecules, each repetition of the pattern, if we may use the expres-
sion, being ready to become an independent thing under favourable
circumstances. But, while these potential molecules of solids can-
not perhaps be properly called molecules in a physical sense, ^ for
chemical purposes we may call them so, for they are the smallest
portions of the substance which fully represent it chemically, and,
as we have seen, this is the chemical molecule, the quantity which
should be represented by the formula. (A. C. B.)

MOLESKIN is a stout heavy cotton fabric of leathery

consistence woven as a satin twill on a strong warp. It

is finished generally either as a bleached white or as a slaty

drab colour, but occasionally it is printed in imitation of

tweed patterns. Being an exceedingly durable and econo-

mical texture, it was formerly much more worn by working-

men, especially outdoor labourers, than is now the case. It

is also used for gun-cases, carriage-covers, and several pur-

poses in which a fabric capable of resisting rough usage is

desirable.

MOLESWORTH, Sm William (1810-1855), the eighth

baronet,was born in London, 23d May 1810, and succeeded

to the extensive family estates in Devon and Cornwall in

1823. On the passing of the Reform Act of 1832 ho was re-

turned to parliament, though only twenty-two years old, for

the eastern division of the county of Cornwall, to support the

ministry of Lord Grey. For some time he took little part

in the debates of the House of Commons; but in April 1835

he founded, in conjunction with Mr. Roebuck, the London

Review, as an organ of the politicians known to the world

as " Philosophic Radicals." After the publication of two

volumes he piu-chased the Westminster Revieio, and for some

time the united magazines were edited by him and J. S.

MiU. From 1837 to 1841 Sir William Jlolesworth sat for

the borough of Leeds, and during those years acquired con-

siderable influence in the House of Commons by his speeches

and by his tact in presiding over the select committee on

Transportation. From 1841 to 1845 he remained in private

Lfe, occupying his leisure time in editing the works in Latin

and English of Thomas Hobbes of Malmesbury, a recreation

which cost him no less than £6000. In the latter year he

' By internal kinetic energy is meant the kinetic energy of motion

of the parts of the molecule relatively to one anotlier, in contradis-

tinction to the kinetic energy of motion of the molecule as a wliole.

was returned for the borough of Southwark, and retained

that seat until his death. On his return to parliament he

devoted special attention to the condition of the colonies,

and delivered many speeches in favour of a reduction in

colonial expenditure and on their better administration.

His arguments on these questions changed the opinions of

the members of the House of Commons ; and the criticisms

of the daily press, aided by the printing of his speeches, led

to the gradual acceptance of his views by the electors at

large. It was not, however, until many years afterwards that

he was allowed full opportunity for working out the difficult

problems connected with the government of Great Britain.

Office was conferred upon him in December 1852 by Lord

Aberdeen, but it was the minor post of directing the public

improvements and crown lands of his own country, and the

chief work by which his name was brought into jirominence

at this time was the construction of the new Westminster

Bridge. At last, in July 1855, he was called to preside

over the Colonial Office, but unfortunately its duties were

no sooner entrusted to his care than he was cut off by

death (22d October 1855), to the universal regret of his

countrymen, for he had lived dovra the animosities of his

youth, and had attracted to himself the sympathies of

all thoughtful men. The influence which his views had

acquired, and still retain, may be judged from the fact that

in 1878 the delegates of the Transvaal Government put

forward, as the chief argument for the withdrawal of the

English from the Transvaal, the substance of his speech on

the abandonment of the Orange River Territory in 1854.

A full pedigree of the Molesworth family is printed in Sir John

Maclean's Trigg Minor, vol. i. ; the titles of his speeches and works

» It may be urged that the cleavnge of crystals indicates that they

possess a molecular structure, but a tactical or pattern-like arrangement

of atoms may easily be supposed to present planes of easier separation,

without the assumption of really iudependent molecules.
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nay ><-. h-uA in \.!.'. /;.'>/ C'/rr, .s.^^/wj, roh, L and Ui The name of

Sir Wi;lnm Mole •ort:. w fr. ^^jntJr mentioned in the bwgraj.hie*

of MUl, CoWen, C*»IyU, Crole, anJ Pinizzi

MOLFETTA, a city and neaport of Italy, in the -province

of Eari, 1 6 miles by rail porth-north-west of Ban. From

the sea it prevnl* a fine appearanc^j with its white stone

hooMS and the remains of ita turreted walb ; and there are

•everal bnildingn of considerable pretensions. The castle

was in the 14th centur^ the prison of Otho, duke of

Brunswick. The cathedral is dedicated to St Conrad.

Molf<tta has well-frequsnted markets, a small foreign trade

(6000 tons in 1881), and such indu.5tries as cotton and net

weaving, soap-boiling, and rof)e-spinning. The population

was 26,516 in 1871.

MolMu riltlficu or Malfitnm) wan given by Charles V. to the

•Inke of Ttraoli in 1522, and daring hi* lordship it was grieTously

sacked by the French under Laatrec. In 1631 Cesare Gonzaga took

the title of duke of GtunUlla and prince of MolfetU ; but in 1640

the fief was sold to the Spinola family, and in 17&8 incorporated -mth

the royal domain. The bishopric holds directly of the papal see.

MOLltRE (1622-1 673), to give Jean Baptiste Poqnelin

the stage name which he chose, for some undiscovered reason,

to assume, was bom in Paris, probably in January 1622.

The baptismal certificate which is usually, and almost with

absolute certainty, accepted a.s his is dated 15th January

1622, but it is not possible to infer that he was bom on

the day of his christening. The exact place of his birth

is also disputed, but it seems tolerably certain that he saw

the light in a house of the Rue St Honor6. His father

was Jean Poquelin, an upholsterer, who, in 1631, succeeded

his own uncle as "valet tapissier de chambre du roi." The

family of Poquelin came from Beauvais, where for some

centuries they had been prosperous tradesmen. The

legend of their Scotch descent seems to have been finally

disproved by the researches of M. E. K^v^rend du Mesnil.

The mother of Molitre was Marie Cress6; and on his

father's side he was connected with the family of ilazuel,

musicians attached to the court of France. In 1632

Moliire lost his mother ; his father married again in 1633.

The father possessed certain shops in the covered Halle de

la Foire, Saint Germain des Pris, and the biographers have

imagined that Molitre might have received his first bent

towards the stage from the spectacles ofTered to the holi-

day people at the fair. Of his early education little is

known ; but it is certain that his mother possessed a Bible

and Plutarch's Lives, books which an intelligent child

would not fail to study. In spite of a persistent tradition,

there is no reason to believe that the later education of

Molitre was neglected. " II fit ses humanitez au College

do Clermont," says the brief life of the comedian published

by his friend and fellow-actor, La Grange, in the edition

of his works printed in 1682. La Grange adds that

Moli6ro " cut I'advantago de suivre M. le Prince de Conti

dans toutes scs classes." As Conti was seven years

younger than Molifcre, it is not easy to understand how
Moliero came to bo the school contemporary of the prince.

Among more serious studies the Jesuit fathers encouraged

their i)Ui)ils to take part in ballets, and in later life

Molitro was a distinguished master of this sort of enter-

tainment. According to Grirnarcst, the first writer who
published a life of Molitre in any detail (1705), he not

only acquired "his humanities," but finished his "philo-

sophy " in five years. Ho left the CoUtge de Clermont in

1641, tlvo year when Gassendi, a great contemner of Aris-

totle, arrived in Paris. The Lof/ic and JEtkics of Aristotle,

with his Physics and Metaphysics, were the chief philoso-

phical textbooks at the College de Clermont. But when
he became the pupil of Gassendi (in company with CjTano

do Bcrgorac, Chapelle, and Ilesnaut), Moliero was taught

to appreciate the atomic philosophy as taught by Lucretius.

There Ba<>ii's no doubt that Molitre began, and almost or

quite finished, a translation of the 2>e Fabua £enm.
According to a mantiacript note ol lYaOage, pnbBBhed hf
M. Patil Lacroix, the manuscript was sold by Moliere's

widow to a bookseller. His philosophic studies left a deep

mark on the genius of Molitre. in the Juyemtni <U PluUm

tur Its dfiu Fartin <Us Nout^mix Dialoyuu da ilortt

(1684), the verdict is "que Moliere ne parleroit point de

Philosophie." To " talk philosophy" was a favourite exer-

cise of his during his life, and las ideas are indicated with

sufficient clearness in several of Lis plays. There seems

no connexion between them and the opinions of " Moliere

le Critique " in a dialogue of that name, published in Hol-

land in 1709. From his study of philosophy, too, he

gained his knowledge of the ways of contemporary pedants,

—of Pancrace the Aristotelian, of Marphorius the Carte-

sian, of Trissotin, "qui s'attache potir I'ordre au Peripa-

tttisme", of Piiilaminte, who loves Platonism, of Belise,

who relishes "les petits corps," and Armande, who loves

"les tourbillons." Grimarest has an amusing anecdote

of a controversy in which ilolitre, defending Descarte^

chose a lay-brother of a begging order for umpire, while

Chapelle appealed to the same expert in favour of (Jassendi.

His college education over, Moliere studied law, and there

is even evidence—that of tradition in Grimarest, and

of Le Boulanger de Chalussay, the libellous author of a

play called £lomire Hypochondre—to prove that he was

actually called to the bar. More trustworthy is the pass-

ing remark In La Grange's short biography (1682), "a»
swi.ir dts ecoles de droit, il choisit la profession de com6-

dien." Before joining a troop of haLf-amatetir comedians,

however, Moliere had some experience in his father's busi-

ness. In 1637 his father had obtained for him the right

to succeed to his ovm office as "valet tapissier de chambre

du roi." The document is mentioned in the inventory of

Moliere's effects, taken after his death. \Mien the king

travelled the valet tapissier accompanied him to arrange

the furniture of the royal quarters. There is very good

reason to believe (Loiseleur, Points Obscurs, p. 94) that

Molitre accompanied Loms XIII. as his valet tapissier to

Provence in 1642. It is even not impossible that Molitrd

was the young valet de chambre who concealed Cinq Mars
just before his arrest at Narbonne, 13th June 1642. But

this is part of the romance rather than of the history of

Molitre. Oixr next glimpse of the comedian we get in a

document of 6th January 1643. Molitre acknowledges

the receipt of money due to him from hia deceased mother's

estate, and gives up his claim to succeed his father as "valet

de chambre du roi." On 28th December of the same year

we learn, again from documentary evidence, that Jean
Baptiste Poquelin, mth Joseph Bejard, Jladeleine Bejard,

Genevitve Bejard, and others, have hired a tennis-court,

and fitted it up as a stage for dramatic performances. The
company called themselves L'lUustre Theatre, illustre being

then almost a slang word, very freely employed by the

writers of the period.

We now reach a very important point in the private

history of Molitre, which it is necessary to discuss at some
length in defence of the much maligned character of a
great writer and a good man. Molitre's connection with

the family of Bejard brought him much unhappincss.

The fatlicr of this family, Joseph Btjard the elder, was a
needy man with eleven children at least. His wife's name
was Marie Herv6. The most noted of his children, com-
panions of Molitre, were Joseph, Madeleine, Genevitve, and
Armande. Of these, Madeleine was a woman of great

talent as an actress, and Molitre's friend, or perhaps mis-

tress, through all the years of his wanderings. Now, on
14th February 1662 (for we must here leave the chrono-

logical order of events), Molitre married Armande Claire

ElisaVifth Grtsinde Bejard. His enemies at that time.
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and a number of his biographers in otjt own day, have
attempted to prove that Armande Bejard was not the sister,

but the daughter of Madeleine, and even ?L»: Mohere a

wife may hare been his own daughter by Madeleine
Eejard. The arguments ol M. Arsene Houssaye in sup-

fKjrt of this abcminable theory are based on reckless mid
ignorant confusions, and do not deserve criticism. But
the system of ^L Loiselenr L« more senous, and he goes
no further than the idea that Madeleine was the mother
of Armarde. This, certiinly, was the opinion of tradition,

an opinion based on the slanders of Montfleary, a rival of

MoUere's, on the authority of the spiteful and anonymous
author of Za Fanuuse Comedienne (1688), and on the
no less libellous play, £lomire Hypcdurr.dTt. Tn 1821
tradition received a shock, for Beffara then discovered

Mohere's "acte de manage," in which Armande, the bride,

is spoken of as the sister of Madeleine Bejard, by the same
father and mother. The old scandal, or part of it, was
revived by M. Foumier and M. Bazin, but received another
blow in 1863. M. Soulie then discovered a legal document
of 10th March 1643, in which the widow of Joseph Bejard
renounced, in the name of herself and her chUdren, his

inheritance, chiefly a collection of unpaid bills. Now in

this document all the children are described as minors, and
among them is " uae petite non encore baptisee." This little

girl, still not christened in March 1643, is universally

recognized' as the Armande Bejard afterwards married by
Moliere. We reach this point, then, that when Armande
was an infant she was acknowledged as the sister, not as the

dai^hter, of Madeleme Bejard, M. LoLseleur refuses, how-
ever, to ^Mx^pt thi evidence. Madeleine, says he, had
already become the mother, in 1638, of a daughter by
Esprit Raymond de Moirmoron, comte de Modene, and
chamberlain of Gaston due d'Orleans, brother of Lotus
XTTT. In 1642 Modene, who had been esiled for political

reasons, "was certain to return, for Richelieu had just

uied, and Louis X I IT was likely to follow him." Now
Madeleine was again—this is M. Loiseleur's hypothesis

—

about to become a mother, and if M<xiene returned, and
learned this fact, he would not continue the liuiscn, still

less would he marry her,—which, by the way, he could not

ao, 83 his wife was still alive. Madeleine, therefore,

indulged her mother to acknowledge the little girl as her

own child. Li the "first place, all this is pure unsupported
bj-pothesis. Li the second place, it has always been denied
that Bejard's wife could have been a mother in 1643, owing
to her advanced age, probably fifty-three. But M. Loise-

leur himself says that ^tarie Herve was young enough to

make the story " sufficiently probable." If it was probable,

much more was it possible. M. Loiseleur supports his

contention by pointing out that two of the other children,

described as legally minors, were over twenty-five, and that

their ajjp was understated to make the account of .'jmande's
birth more probable. Nothing is less likely than that

Modfene would have consulted this document to ascertain

the truth about the parentage of Armande, yet M Loise

leur's whole theory rests on that extreme improbability.

It must also be observed that the date of the birth of

Joseph Bejard is unknown, and he may have been, and

according to M. Jal {Didionnaire Criti'jue, p. 178) must

have been, a minor when he was so described in the docu-

ment of 10th March 1643, while Madeleine had only passed

her twenty-fifth birthday, her legal majority, by two months.

This view of Joseph's age is supported by Bouquet {Moliire

h Rmten, p. 77). M. Loiseleur's only other proof is that

Marie Herve gave Armande a respectable dowry, and that,

as we do not know whence the money came, it must have

come from Madeleine. The tradition i-- Grimarest, which

makes Madeleine behave en j'emjnefurievM^ when she h«^d
of the marriage, is based on a juster appreciation of the
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character of women. It will be admitted, prcbablv, that
the reasons for sui .^.ooisgthat Moliere espoused the .laughter

I

01 a woman who had been his mistress (if she had been his
mistres.) ai^ fi^E^y ai.d Uiadequaie. The aflair of the
dowry is insisted on by M. Livet {La Famevje Comedienne^
reprint of 1877, p. 143). But 5L Livet explains the dowry
by the hypothesis that Armande was ^e dauchter of
Madeleine and the comte de Modene, which exactly con-
tradicts the theory of M. Loiseleur, and is itself contra-
dieted by dates, at least as understood by M. Loiseleur.
Such are the conjectures by which the foul calumnies of
Molifere's enemies are supported in the essays of modem
French critics.

To return to the order of events, Moliere passed the
year 1643 in playing with, and helping to manage, the
Thedtre Ulustre. ITie company acted in various tennis-
courts, with very littje success. Moliere was actually
arrested by the tradesman who supplied candles, and the
company had to borrow money from one Aubrey to release
their leader from the Grand ChStelet (13th August 1645).
The process of turning a tennis<x)urt into a theatre was
somewhat expensive, even though no seats were provided
in the pit. The troupe was for a short time under the
protection of the due d'Orleans, but his favours were not
lucrative. The due de Guise, according to some verses
printed in 1646, made Moliere a present of his cast-off

wardrobe. But costume was not enough to draw the
public to the tennis-court theatre of the Croix Noire,
and empty houses at last obliged the Theatre Ulustre to
leave Paris at the end of 1646.

" Nul animal vivant n'entra dans notre salle,'' says the
author of the scurrilous play on Mohere, £lomire Hypo-
chandre. But at that time some dozen travelling companies
found means to exist in the provinces, and Moliere deter-

mined to play among the rural towns. The career of a

strolling player is much the same at all times and in all

countries. The Roman Comique of Scarron gives a vivid

picture of the adventures and misadventures, the difficulty

of transport, the queer Cavalcade of iorses, mules, and
lumbering carts that drag the wardrobe and properties,

the sudden metamorphosis of the tennis-court, where the

balls have just been rattling, into a stage, the quarrels with
.local squires, the disturbed nights in crowded country inns,

all the loves and wars of a troupe on the march. Perrault

tells us what the arrangements of the theatre were in

Molly's early time. Tapestries were hung round the
stage, and entrances and exits were made by struggling

through the 1 eavy curtains, which often knocked off the

hat of the comedian, or gave a strange cock to the helmet
of a warrior or a god. . The lights were candles stuck in

tin sconces at the back and sides, but luxury sometimes
went so far that a chandelier of four candles was suspended

from the roof. At intervals the candles were let down by
a rope and pulley, and any one within easy reach snuffed

them with his fingers. A flute and tambour, or two
fiddlers, supplied the music. The highest prices were paid

for seats in the dedans (cost of admission fivepence) ; for

the privilege of standing up in the pit twopence-halfpenny

was the charge. The doors were opened at one o'clock,

the curtain rose at two.

The nominal director of the Theatre Illusstre in the

provinces was Du Fresne ; the most noted actors were

Moliere, the Bejards, and Du Pare, called Gros Rec4. It

is extremely difficult to follow exactly the line of march of

the company. They played at Bordeaux, for example, but

the date. of this performance, when Moliire (according to

Montesquieu) failed in tragedy and was pelted, is variously

given as 1644-45 (Trallage), 1647 (Loiseleur), 1648-53

(Lacroii). Perhaps the theatre prospered better else-

where than in Paris, where the streets were barricaded ia
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these early days of the war of. the Fronde. We nnd
Moli6re at Nantes in 1648, at Fontenay-le-Compte, and

in thp spring of 1C49 at Agen, Toulouse, and probably at

Angouleme and Limoges. In January 1650 they played

at Narbonne, and between 1650 and 1653 Lyons was the

headquarters of the troupe. In January 1653, or perhaps

1655, Moliere gave L'Etourdi at Lyons, the first of his

finished pieces, as contrasted with the slight farces with

which he generally diverted a country audience. It would

be interesting to have the precise date of this piece, but

La Grange (1682) says that "in 1653 Molifere went to

Lyons, where he gave his first comedy, L'fitourdi," while

in his Registre La Grange enters the year as 1655. At
Lyons De Brie and his wife, the famous Mile, de Brie,

entered the troupe, and Du Pare married marquise de Gorla,

better known as Mile, du Pare. The libellovis author of

La Famfuse Conu-dienne reports that Molifere's heart was

the shuttlecock of the beautiful Du Pare and De Brie, and

the tradition has a persistent life. Moliere's own opinion

of the ladies and men of his company may be read be-

tween the lines of his Impromptu de Versailles. In 1653

Prince de Conti, after many political adventures, was
residing at La Grange, near Pezenas, in Languedoc, and
chance brought him into relations with his old school-

fellow Moliere. Conti had for first gentleman of his bed-

chamber the abb6 Daniel de Cosnac, whos? memoirs now
throw light for a moment on the fortunes of the wander-

ing troupe. Cosnac engaged the company " of Moliere and

of La B6jart;" but another company, that of Cormier, nearly

intercepted the favour of the prince. Thanks to the resolu-

tion of Cosnac, Moliere was given one chance of appearing

on the private theatre of La Grange. The excellence of

his acting, the splendour of the costumes, and the insist-

ence of Cosnac, and of Sarrasin, Conti's secretary, gained

the day for Moliere, and a pension was assigned to his

company {Cosnac, Memoires, i. 128, Paris, 1852). As
Cosnac proposed to pay Molifere a tliousand crowns of his

own money to recompense him in case he was supplanted

by Cormier, it is obvious that his profession had become
sufficiently lucrative. In 1 654, during the session of the

estates of Languedoc, Molifere and his company played at

Montpellier. Here Moliere danced in a ballet (Le Ballet

des Incompaiibles) in which a number of men of rank took

part, according to the fashion of the time. Moliere's ovni

r&les were those of the Poet and the Fishwife. The sport

of the little piece is to introduce opposite characters,

dancing and singing together. Silence dances with six

women. Truth with four cpurtiers, Money with a poet,

and so forth. Whether the ballot, or any parts of it, are

by Moliere, is still disputed {La Jeunesse de Moliere, suivie

du Ballet des Incompatibles, P. L. Jacob, Paris, 1858). In

April 1655 it is certain that the troupe was at Lyons,
where they met and hospitably entertained a profligate

buffoon, Charles d'Assoucy, who .infoi-ms the ages that

Moliere kept open house, and "vru: table bien gamie."
November 1655 found Moli6re at P6z(5nas, where the

estates of Languedoc were convened, and where local

tradition points out the barber's chair in which the poet

used to sit and study character. The longest of Moliere's

extant autographs is a receipt, dated at Pezenas, 4th Feb-
ruary 1656, for 6000 livres, granted by the estates of

Languedoc. This year was notable for the earliest repre-

sentation, at Beziers, of Molidre's second finished comedy,
the Depit Amoureux. Conti now withdrew to Paris, and
began to "make his soul," as the Irish say. Almost his

first act of penitence was to discard Jlolifere's troupe (1657),
which consequently found that the liberality of the estates

of Languedoc was dried up for ever. Conti's relations

with Molifere must have definitively closed long before 1666,

when the now pioua prince wrote a treatise against the

stage, and especially charged his old schoolfellow v^ith

keeping a new school, a school of atheism {Traite de la

Comedie, p. 24, Paris, 1666). Moliire was now (1657;

independent of princes and their favour. He went on a

new circuit to Nismes, Orange, and Avignon, where he met
another old class-mate, Chapelle, and also encountered the

friend of his later life, the painter Mignard. After a later

stay at Lyons, ending with a piece given for the benefit

of tne poor on 27th February 1658, Moliire passed to

Grenoble, returned to Lyons, and is nest foimd :.? Rouen,

where, we should have said, the Th^Stre lllustre had played

in 1643 (F. Bouquet, La Troupe de Moliere d, Rouen,

p. 90, Paris, 1880). At Rouen Slolifere must have made
or renewed the acquaintance of Pierre and Thomas Cor-

neille. His company had played pieces by Corneille at

Lyons and elsewhere. The real business of the comedian
in Rouen was to prepare his return to Paris. "-A.fter

several secret journeys thither he was fortunate enough to

secure the patronage of Monsieur, the kings only brother,

who granted him his protection, and permitted the company
to take his name, presenting them as his servants to the

king and the queen-mother " (Preface to La Grange's

edition of 1682). The troupe appeared for the fu-st time

before Louis XIV. in a theatre arranged in the old Louvre
(24th October 1658).

Moliere was now thirty-six years of age. He had gained
all the experience that fifteen years of practice could give.

He had seen men and cities, and noted aU the humours of

rural and civic France. He was at the head 6f a company
which, as La Grange, his friend and comrade, says, " sin-

cerely loved him." He had the unlucrative patronage of

a great prince to back him, and the jealousy of all play-

wrights, and of the old theatres of the Hotel de Bourgogne
and the Marais, to contend against. In this struggle we
can follow him by aid of the Registre of La Grange (a

brief diary of receipts and payments), and by the help of

notices in the rhymed chronicles of Loret.

The first appearance of Moliere before the king was all

but a failure. Nicomede, by the elder Corneille, was the
piece, and we may believe that the actors of the Hotel de
Bourgogne, who were present, found much to criticize.

^Vhen the play was over, Moliere came forward and asked
the king's permission to act " one of the little pieces with
which he had been used to regale the provinces." The
Docteur Amoureux, one of several slight comedies admitting
of much "gag," was then performed, and "diverted as
much as it surprised the audience." The Jung commanded
that the troupe should establish itself in ?aris (Preface, ed.

1682). The theatre assigned to the company was a, salle

in the Petit Bourbon, in a line vrith the present Rue du
Louvre. Some Italian players already occupied,the house
on Tuesdays, Fridays, and Sundays; the company of

Moliere played on the other days. The first piece played
in the new house (3d Nov. 1658) was L'Etourdi. La
Grange says the comedy had a great success, producing
seventy pistoles for each actor. The success is admitted
even by the spiteful author of Mlomire Eypochondre (Paris,

' " Je jouai I'iltenrdi, qui fut nne merveille."

The success, however, is attributed to the farcical element
in the play and the acting—the cuckoo cry of Molifere'.'i

detractors. The original Of L'Eltourdi is the Italian comedy
(1629) L'Inavvertito, by Nicol6 Barbieri detto Beltrame;
Molifere pushed rather far his right to "take his own
wherever he found it." Had he written nothing more
original, the contemporary critic of 'the Festin de Fierre
might have said, not-vintruly, that he dflly excelled in

stealing pieces from the Italians. The piece is conventional :

the stock characters of the prodigal son, the impudent
valet, the old father occupy the stage. But the dialogue
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has amazing rapidity, and the vivacity of M. Coquelin in

MascariUe still makes L'£tourdi a favourite on the stage,

though it cannot be read with very much pleasure. The
nest piece, new in Paris, though not in the provinces, was
the Depit Avioureujc (first acted at Bezicrs, 1656). The
play was not less successful than L'Etourdi. It has two
parts, one an Italian imbroglio ; the other, which alone

keeps the stage, is the original work of Jlolifcre, though, of

course, the idea of amantium irx is as old as literature.

"Nothing so good," says Mr. Saintsbury, "had yet been

seen on the French stage, as the quarrels and reconciliations

of the quartette of master, mistress, valet, and soubrette."

Even the hostile Le Boulanger de Chalussay {Elomire

Hypochondre) admits that the audience was much of this

opinion—
•" Et de tons les cutes chacun cria tout liaut,

' C'est la faire et jouer les pieces comnie il faut.'
"

The same praise was givsn, perhaps even more deservedly, to

Les PrecieusesEidicu/es {18th. November 1659). Doubtshave
been raised as to whether this famous piece, the first true

comic satire of contemporary foibles on the French stage,

was a new play. La Grange calls it piece nouvelle in hij

Registre, buj, as he enters it as the third piece nouvelle,

he may only mean that, like L'Etourdi, it was new to

Paris. The short life of 16S2, produced under La Grange's

care, and probably wTitten by JIarcel the actor, says the

Precieuses was " made " in 1659. There is another contro-

versy as to whether the ladies of the Hotel Piambouillet,

or merely their bourgeoises and rustic imitators, were laughed

at. Manage, in later years at least, professed to recognize an
attack on the over-refinement and affectation of the original

and, in most ways, honourable precieuses of the Hotel Ram-
bouillet. But ChapeUe and Bachaumont had discovered

provincial precieuses, hyper-£esthetic literary ladies, at ilont-

pellier before Moliere's return to Paris ; and Furetiire,

in the Roman Bourgeois (1666), found* Paris full of middle-

class precieuses, who had survived, or, like their modern
counterparts, had thriven on ridicule. Another question

is—Did Moli&re copy from the earlier Precieuses of the

abb6 de Purel This charge of plagiarism is brought by
Somaize, in the preface to his Veritables Precieuses, De
Pure's work was a novel (1656), from which the Italian

actors had put together an acting piece in their manner,

that is, a thing of "gag," and iraprovized speeches. The
reproach is interesting only because it proves how early

Moli^re found enemies who, like Thomas Corneille in 1659,

accused him of being skilled only in farce, or, like Somaize,

charged him with literary larceny. These were the stock

criticisms of Moliere's opponents as long as he lived. The
success of the Precieuses Ridicules was immense ; on one

famous occasion the king was a spectator, leaning against

the great chair of the dying Cardinal JIazarin. The play

can never cease to please while literary affectation exists,

and it has a comic force of deathless energy. Yet a modern
reader may spare some s3Tnpathy for the poor heroiijes,

who do not wish, in courtship, to "begin with marriage,"

but prefer first to have some less formidable acquaintance

with their wooers. Molifere's next piece was less important,

and more pm'ely farcical, Sganarelle ; ou le Cocu Imagin-

aire (28th May 1660). The public taste preferred a work

of this light nature, and Sganarelle was played every year

OS long as MoUere lived. The play was pirated by a man
who pretended to have retained all the words in his memory.

The counterfeit copy was published by Ribou, a double

injury to Moli^re, as, once printed, any company might act

the play. With his habitual good-nature, Moli^re not only

allowed Ribou to publish later works of his, but actually

lent money to that knave (Souli6, Recherches, p. 287).

On 11th October 1660 the Theatre du Petit Bourbon

was demolished by the superintendent of works, without

notice given to the company. The king gave Sfolifcre the
Salle du Palais Royal, but the machinery of the old theatre
was maliciously destroyed. Meanwhile the older companies
of the Marais and the Hotel de Bourgogne attempted to
lure away ^loliero's troujje, but, as La Grange declares
{Registre, p., 26), "aii the actors loved their chief, who
united to extraordinary genius an honourable character
and charming manner, which compelled them all to protest
that they would never leave him, but always share his for-

tunes." While the new theatre was being put in order,

the company played in the houses of the great, and before
the king at the Louvre. In their new house (originally

built by Richelieu) Jloliere began to play on 20tii January
1661. Moliere now gratified his rivals by a failure. Don
Garcie de Navarre, a heavy tragi-comedy, which had long
lain among his papers, was first represented on 4th February
1661. Either Moliere was a poor actor outside comedy,
or his manner was not sufficiently "stagy," and, as he
says, " demoniac," for the taste of the day. His ojiponents

were determined that he could not act in tragi-comedy, and
he, in turn, burlesqued their pretentious and exaggerated
manner in a later piece. In the Precieuses (sc. ix.) Moliere
had already rallied " les grands com^diens " of the Hotel
Bourgogne. "Les autres," he makes MascariUe say about
his own troupe, " sont des ignorants qui recitent comme
Ton parle, ils ne savent pas faire ronfler les vers." All this

was likely to iriitate the grands comcdiens, and their friends,

who avenged themselves on that unfortunate jealous prince,

Don Garcie de Navarre. The subject of this unsuccessful

drama is one of many examples which show how Moliere's

mind was engaged with the serious or comic aspects of

jealousy, a passion which he had soon cause to know most
intimately. Meantime the everyday life of the stage went
on, and the doorkeeper of the Theatre St. Germain was
wounded by some revellers who tried to force their way
into the house (La Grange, Registre). A year later, an
Italian actor was stabbed in front of Moliere's house, where
he had sought to take shelter (Campardon, Nouvelles Pieces,

p. 20). To these dangers actors were peculiarly subject

:

Molifere himself was frequently threatened by the marquises

and others whose class he ridiculed on the stage, and there

seems even reason to believe that there is some truth in

the story of the angry marquis who rubbed the poet's head
against his buttons, thereby cutting his face severely. The
story comes late (1725) into his biography, but is supported

by a passage in the contemporary play, Zelinde (Paris,

1663, scene viii.). Before Faster, Sfoliere asked for two
shares in the profits of his company, one for himself, and
one for his wife, if he man led. That fatal step was already

contemplated (La Grn-ge). On 24th June he brought

out for the first time L'Ecole des Maris. The general idea

of the piece is a^ old as Menander, and !Molitre was

promptly accused of pilfering from the Adelphi of Terence.

One of th&Jicelles of the comedy is borrowed from a story

as old, at least, as Boccaccio, and still amusing in a novel

by Charles de IJernard. It is significant of Moliere's talent

that the grotesque and bafiled paternal wooer, Sganarelle,

like several other butts in Jfolitre's comedy, does to a

certain extent win our sympathy and pity as well as our

laughter. The next new piece was Les Fascheujc, a comcdie-

ballei, the Comedy of Bores, played before the king at

Fouquet's house at Vaux le Vicomte (August 15-20, 1661).

The comedians, without knowing it, were perhaps the real

" fascheux " on this occasion, for Fouqaet was absorbed in

the schemes of his insatiable ambition {Quo non a-vendam f

says his motto), and the king was organizing the arrest

and fall of Fouquct, his rival in the affection:" of La
Vallifere. The author of the prologue to Les Fa.-n-hnu',

Pellisson, a friend of Fouquet's, was arrested lalong with

the superintendent of finance. Pellisson's prologue and
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name -were retained in later editions. In the dedication

to the king Moliire says that Louis suggested one scene

(that of the Sportsman), and in another place he mentions

that the piece was written, rehearsed, and played in a

fortnight. The fundamental idea of the play, the inter-

ruptions by bores, is sn.i;gested by a satire of Regnier's,

and that by a satire of Horace. Perhaps it may have been

the acknowledged suggestions of the king which made

gossips declare" that Moliere habitually worked up hints

and miinoirts given him bf persons of quality (N'ouvelles

^'oul^elUs, 1663).

In February 1662 Moliere married Armande Bejard.

The date is given thus in the Beffistre of La Grange :

" Mardy 1 4, Les Visionnaires, L'ficol des M.

Part. Visite chez M* d'Equeuilly."

And on the margin he has painted a blue circle, his way of

recording a happy event, with the words, " mariage de M.

de Moliire au sortir de la Visite." M. Loiseleur gives the

date in one passage as 29th February, in another as 20th

February. But La Grange elsewhere mentions the date

as "Shrove Tuesday," which was, it seems, 14th February.

Elsewhere M. Loiseleur makes the date of the marriage a

vague day "in January." The truth is that the marriage

contract is dated 23d January 1662 (Souli6, Documents, p.

203). Where it is so difficult to establish the date of the

marriage, a simple fact, it must be infinitely harder to dis-

cover the truth as to the conduct of Madame Moliere. The

abominable assertions of the anonymous libel, Les Intrigues

de Moliere et celles de sa Femme; ou In Fameuse Comedienne

(1688), have found their way into tradition, and are accepted

by many biographers. But 'M. Livet and M. Bazin have

proved that the alleged lovers of Madame Molifere were

actually absent from France, or from the court, at the

time when they are reported, in the libel, to have conquered

her heart. A conversation between Chapelle and MoUfere,

in which the comedian is made to tell the story of his

wrongs, is plainly a mere fiction, and is answered in

Grimarest by another dialogue between Moliere and Rohault,

in which Jlolifere only complains of a jealousy which he

knows to be unfounded. It is noticed, too, that the con-

temporary assailants of Molifere coimted him among jealous,

but not among deceived, husbands. The hideous accusation

brought by the actor Montfleury, that Moliere had married

his own daughter, Louis XFV. answered by becoming the

godfather of Molifere's child. The king, indeed, was a

firm friend of the actor, and, when MoUire was accused of

impiety on the production of Don Juan (1665), Louis gave

him a pension. We need not try to make Madame Mohfere

a vertu, as French ladies of the theatre say, but it is certain

that the charges against her are unsubstantiated. It is

generally thought that Moliire drew her portrait iu Le

Bourgeois Gentilhomme, acte iii. sc. ix., "eUe est capri-

cieuse, mais on soufire tout des Belles."

From 1662 onwards Slolifere suffered the increasing

hatred of his rival actors. La Grange mentions the visit

of Floridor and Montfleury to the queen-mother, and

their attempt to obtain equal favour, " la troupe de Moliere

leur donnant beaucoup de jalouzie" (12th August 1662).

On 26th December was played for the first time the

admirable Scole des Femmes, which provoked a literary

war, and caused a shower of " paper bullets of the brain."

The innocence of Agnes was called indecency ; the sermon

of Amolphe was a deliberate attack on Christian mysteries.

We have not the space to discuss the religious ideas of

Moliere ; but both in L'Fcole des Femmes and in Don Juan

he does display a bold contempt for the creed of " boiling

chaldrons" and of a physical hell. A brief list of the

plays and pamphlets provoked by L'Mcole des Femmes is all

we-can offer in this pio'j.-.

December 26, 1662.

—

£cou i-a Femmes.

February 9, 1663.—A'ouwHm Kouvclks, by De Yis6. MoUire is

accused of pilfering from Straparola.

June 1, 1663.—Moliere's owa piece, Crilique de VEcole des

Femmes. In this play Moliere retorts on the critics, and es|iccially

on his favourite butt, the critical marquis.

Au^^ust \663.—Zi!indc, a play by De Vise, is printed. The scene

is in The shop of a seller of lace, where persons of quality meet, and

attack the reputation of "filomire," that is, MoU^re. He steals

from the Italian, the Spanish, from Furetiere's Francion, " il lit toua

les vieux bouquins," he insults the noblesse, he insults Chiistianity,

and so forth.

November 17, 1663.

—

Portrait du, Peintre is printed,—an attack

on Moliere by Boursault. This piece is a detailed criticism, by

several persons, of L'£cole des Femmes. It is pronounced dull,

™lgar, forcical, obscene, and (what chiefly vexed Sloliire, who knew

the danger of the accusation) impious. Perhaps the only biograph-

ical matter we gain from Boursault's play is the interesting fact

that Moliere was a tennis-player. On 4th November 1663 Moliere

replied with L'Impromptu de Versailles, a witty and mercUess

attack on his critics, in which Boursault was mentioned by name.

The actors of the HStel de Bourgogne were parodied on the stage,

and their art was ridiculed.

Tha next scenes in this comedy of comedians were :

—

November 30.

—

The Panigyrique del'ScoledcsFemmes, byRobinet.

December 7.

—

P^ponse a VImpromptu, ; ou la Vengeance des Mar-

quis, by De Vis^.

January 19, IQ&l.—VImpromptu de VEitel de Condi. It is a

reply by a son of Montfleury.

March 17. 1664.—La Ouerre Comique ; ou Difcnse de VEcole des

Femmes.
I66i.—Lettre sur les Affaires du ThMtre, published in Diversitii

Galantes, by the author of Zilinde.

In all those quarrels the influence of Corneille was

opposed to MoUere, while his cause ' was espoused by

Boileau, a useful ally, when " les com6diens et les auteurs,

depuis le cfedre [Corneille'?] jusqu'k I'hysope, sont diable-

ment animus contre lui" {Impromptu de Versailles, seine v.).

Molifere's nest piece was Le Mariage Force (15th Feb-

ruary 1664), a farce with a ballet. The comic character

of -the reluctant bridegroom excites contemptuous pity,

as well as laughter. From the end of April till 22d May
the troupe was at Versailles, acting among the picturesque

pleasures cf that great festival of the king's. The Frincesse

d'Flide was acted for the first time, and the three first

acts of Tartvffe were given. Moliere's natural hatred of

hypocrisj' had not been diminished by the charges of blas-

phemy which were showered on him after the £cole des

Femmes. Tartuffe made enemies everywhere. Jansenists

and Jesuits, like the two marquises in L'Impromptu de

Versailles, each thought the others were aimed at. Five

years passed before Molifere got permission to play the

whole piece in public. In the interval it was acted before

Madame, Condi, the legate, and was frequently read by

Moliere in private houses. Thfe Gazette of 17th May 1664

(a paper hostile to Moliere) says that the king thought the

piece inimical to religion. Louis was not at that time

on good terms with the devots, whom his amours scandal-

ized ; but, not impossibly, the queen-mother (then suffering

from her fatal malady) disliked the play. A most violent

attack on Molifere, " that demon clad in human flesh," was

written by one Pierre EouUe {Le Roy Glorieux au Monde,

Paris, 1664). This fierce pamphlet was suppressed, but

the king's own copy, in red morocco with the royal arms,

remains to testify to the bigotry of the author, who was

cur6 of Saint Barthilemy. According to BouUi, Moliere

deserved to be sent through earthly to eternal fires. The
play was prohibited, as we have seen, but in August 1665

the king adopted Moliere's troupe as his servants, and gave

them the title of " troupe du roy." This, however, did not

cause Molifere to relax his efforts to obtain permission for

Tartuffe (or Tartufe, or Tartufle, as it was variously spelled),

and his perseverance was at length successfid. That his

thoughts were busy with contemporary hypocrisy is proved

by certain scenes in one of his greatest pieces, the Festin

de Pierre, or Don Juan (15th February 1665). The legend

of Don Juan was familiar already on the Spanish, Italian,
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and French stages. Moliere made it a new thing : terrible

and romantic in its portrait of un grand seigneur mauvais

komme, modern in its suggested substitution of la humanite
for religion, comic, even among his comedies, by the mirth-

ful character of Sganarelle. The piece filled the theatre,

but was stopped, probably by authority, after Easter. It

was not printed by Molifcre, and even in 1682 the publi-

cation of the full text was not permitted. Happily the

copy of De la Regnie, the chief of the police, escaped

obliterations, and gave us the full scene of Don Juan and
the Beggar. The piece jjrovoked a virulent criticism

{Observations sur le Feslin de Pierre, 1665). It is allowed

that Molifere has some farcical talent, and is not unskilled

as a plagiarist, but he "attacks the interests of Heaven,"

"keeps a school of infidelity," "insults the king," "cor-

rupts virtue," " offends the queen-mother," and so forth.

Two replies were published, one of which is by some critics

believed to show traces of the hand of MoUfere. The king's

reply, as has been shown, was to adopt Molifere's company
as his servants, and to pension them. L'Amour Medecin,

a light comedy, appeared 22d September 1665. In this

piece Jlolifere, for the second time, attacked physicians.

In December there was a quarrel with Racine about his

play of Alexandre, which he treacherously transferred to the

Hotel de Bourgogne. June 4, 1666 saw the first repre-

sentation of that famous play, Le Misanthrope {on L'Atra-

biliaire Amoureux, as the original second title ran). This

piece, perhaps the masterpiece of Molifere, was more suc-

cessful with the critics, with the court, and with posterity

than with the public. The rival comedians called it " a

new style of comedy," and so it was. The eternal passions

and sentiments of human nature, modified by the influence

of the utmost refinement of civilization, were the matter of

the piece. The school for scandal kept by C61imine, with

its hasty judgments on all characters, gave the artist a

wide carrvas. The perpetual strife between the sensible

optimism of a kindly man of the world (Philinte) and the

sxva indignatio of a noble nature soured (Alceste) sup-

plies the intellectual action. The humours of the joyously

severe C61imfene and of her court, esjiecially of that death-

less minor poet Oronte, supply the lighter comedy. Boileau,

Lessing, Goethe have .combined to give this piece the

highest rank even among the comedies of Molifere. As to

the " keys " to the characters, and the guesses about the

original from whom Alceste was dra^\Ti, they are as value-

less as other contemporary tattle.

A briefer summary must be given of the remaining years

of the life of Moliere. The attractions of Le Misanthrojye

were reinforced (6th August) by those of the Medecin

Malgre Lm, an amusing farce founded on an old fabliau.

In December the court and the comedians went to Saint

Germain, where, among other diversions, the pieces called

Melicerte, La Pastorale Comique (of which Moliere is said

to have destroyed the MS.), and the charming little piece

Le Sicilien, were performed. A cold and fatigue seem to

have injured the health of Moliere, and we now hear of

the consumptive tendency which was cruelly ridiculed in

Elomire Uypochondre. Moliire was doubtless obliged to

Bee too much of the distracted or pedantic physicians of an

age when medicine was the battlefield of tradition, super-

stition, and nascent chemical science. On 17th April

1667 Robinet, the rhyming gazetteer, says that the life of

Molifere was thought to be in danger. On the 10th of

June, however, he pleyed in Le Sicilien before the town.

In the earlier months of 1667 Louis XIV. was with the

army in Flanders. There were embassies sent from the

comedy to the camp, and on 5th August it wa.s apparent

that Moliere had overcome the royal scruples. Tartuffe

was played, but Lamoignon stopped it after the first night.

La Grange and La Torilliere hastened to the camp, and

got the king's promise that he would reconsider the matter

on his return. Moliire's next piece (13th January 1668)
was Amphitryon, a free—a very free—adaptation from
Plautus, who then seems to have engaged his attention,

for not long afterwards he again borrowed from the ancient

WTiter in L'Aiare. There is a controversy as to whether

Amphitryon was meant to ridicule M. de Montespan, the

husband of the new mistress of Louis XIV. Michelet has

a kind of romance based on this probably groundless hjijo-

thesis. The king still saw the piece occasionally, after he

had purged himself and forsworn sack under Madame de

Maintenon, and probably neither he nor that devout lady

detected any personal references in the coarse and witty

comedy. As usual, Moliere was accused of plagiarizing, this

time from Rotrou, who had also imitated Plautus. The
next play was the immortal George Dandin (10th July), first

played at a festival at Versailles. Probably the piece was
a rapid palimpsest on the ground of one of his old farces,

but the addition of these tji^ical members of a county

family, the De Sotenville, raises the work from farce to

'satiric comedy. The story is borrowed from Boccaccio,

but is of unknown age, and always new,—Adolphus Crosbie

in The Small House at Allington being a kind of modem
George Dandin. Though the sad fortunes of this peasant

with social ambition do not fail to make ils pity him some-

what, it is being too refined to regard George Dandin as

a comedy with a concealed tragic intention. Molifere

must have been at work on L'Avare before George Dandin
appeared, for the new comedy after Plautus was first acted

on 9th September. There is a tradition that the piece

almost failed ; but, if unpopular in the first year of its pro-

duction, it certainly gained favour before the death of its

author. M. de Pourceaugnac (17th September 1669) was

first acted at Chambord, for the amusement of the king.

It is a rattling farce. The physicians, as usual, bore th«>

brunt of Molifere's raillery, some of which is still applicable.'

Earlier in 1669 (5th February) Tartuffe was played at

last, with extraordinary success. Les Amants Magnifiques,

a comedy-ballet, was acted first at Saint Germain (10 th

February 1670). The king might have been expected to

dance in the ballet, but from Racine's Britannicits (13th

December 1669) the majestical monarch learned that

Nero was blamed for exhibitions of this kind, and he did

not wish to out-Nero Nero. Astrology this time took the

place of medicine as a butt, but the satire has become

obsolete, except, perhaps, in Turkey, where astrology is

still a power. The Bourgeois Genlilkomme, too familiar

to require analysis, was first played on 23d October 1770.

The lively Fourheries de Scapin " saw the footlights " (if

footlights there were) on 24th May 1671, and on 7th

May we read in La Grange, " les Repetitions de Spsyche

ont commance." La Grange says the theatre was newly

decorated and fitted with machines. A "concert of

twelve violins " was also provided, the company being

resolute to have everything handsome about them. New
singers were introduced, who did not refuse to sing un-

masked on the stage. Quinault composed the words for

the music, which was by Lulli; Sloliere and Pierre Comeille

collaborated in the dialogue of this magnificent opera,,

the name of which (Psyche) La Grange eventually learned

how to spell. The Comtesse d'Escarbagnas (2d February

1672) was another piece for the amusement of the court,

and made part of an entertainment called Le Ballet des

Ballets. In this play, a study of provincial manners,

Molifere attacked the financiers of the time in tie person

of M. Harpin. The comedy has little importance compared

with Les Femmes Savantes (11th February), a severer Pri-

cieuses, in which are satiiized the vanity and affectation of

sciolists, pedants, and the women who admire them. The

satire is never out of date, and finds its modem form in
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L< Monde eik Von s'ennme, \y 'Nf. Pailleron. On tiie l"th

February Madeleine licjaid died, and was buried at St

Paul. She did not go long before her old friend or lover,

Moliire.- His Maria-je Force, founded, perhaps, on a

famo\is anecdote of De Graniont, was played on 8th

July. On 7th August La Grange notes that Molifere was

indisjx>sed, and there was no comedy. Jloliire's son died

on the 11th October. On 22d November the preparations

for the 2/alade Imoffxnaire were begun. On 10th Feb-

ruary 1G73 the piece was acted for the first time. What
occurred on 17th Februai-y we translate from the Regifire

of La Grange :

—

"This same day, nbout ten o'clock at nicht, after the comedy,
iloasicur do 'Moliere died In his house, Rue de Richelieu. He had
played the part of the said Slalade, suffering much from cold and
mflammation, which caused a violent cough. In the violence of

the couch ho burst a vessel in his body, and did not live more
than half an hour or three-quartcra after the bursting of the vessel.

His body is buried at St Joseph"s, parish of St Eustache. There
is a gravestone raised about a foot above tho ground.

"

irolieres luneral is tHus aescribed in a letter, said

to bo by an eye-witness, discovered by M. Benjamin

Fillon :

—

"Tuesday, 21st February, about nine in the evening, was buried
Jea:: Baptiste Poquelin Moli^re, lapissier valet du chambre, and a
famous actor. There was no procession, except three ecclesiastics

;

four priests bore the body in a wooden bier covered with a pall,

si.T cnildren in blue carried candles in silver holders, and tliere

were lackeys with burning torches of wax. The body . . , was
taken to St Joseph's churchyard, and buried at the foot of the
cross. There was a great crowd, and some twelve hundred livres

vers distributed among the poor. The archbishop had given orders
that Jlolitro should bo interred without any ceremony, and had
even forbidden the clergy of the diocese to do any service for him.
Kevcrtheless a number of masses were commanded to bo said for

the deceased."

\Vhen an attempt was made to exhtune the body of

Moliire in 1792, the wrong tomb appears to have been
opened. Unkno^vn is the grave of Moliere.

Moliere, according, to Mile. Poisson, who had seen liim
in her e.xtrenie youth, was " neither too stout nor too thin,

tall rather than short ; he had a noble carriage, a good leg,

walked slowly, and had a very serious expression. His
nose was thick, his mouth large with thick lips, his com-
plexion brown, his eyebrows black and strongly marked,
and it was his way of moving these that gave him his comic
expression on the stage." " His eyes seemed to search the
deeps of men's hearts," says tho author of 2elinde. The
inventories printed by M. Souli6 prove that Moliire was
fond of rich dre.w, splendid furniture, and old books. The
charm of his conversation is attested by the names of his
friends, who were all the wits of the age, and the greater
their genius tho greater their love of Molifere. As an
actor, friends and enemies agreed in recognizing him as
most successful in comedy. His ideas of tragic declamation
were in advance of his time, for he set his face against the
prevalent habit of ranting. His private character was
remarkable for gentleness, probity, generosity, and delicacy,
qualities attested not only by anecdotes but by the evidence
of documents.^ Ho is probably (as Menander is lost) the
greatest of all' comic writers within the limits of social arid

refined as distinguished from romantic comedy, like that of
Shakespeare, and of political comedy, like that of Aristo-
phanes. He has the humour which is but a sense of the
true value of life, and now takes the form of the most
vivacious wit and tho keenest observation, now of melan-
choly, and pity, and wonder at tho fortunes of mortal
men. Tn tho literature of France his is tho greatest name,
and in tho literature of the modern drama the greatest
after that of Shakespeare. Besides his contemplative genius
he possessed an unerring knowledge of the theatre, the
knowledge of a great actor and a great manager, and
hence his plays can never ceaso to hold the stage, and to I

charm, if poii.'^'^e, even more in the performance than in

tho reading.

There is no biography of Moliere on a level with the latest re-

searches into his life. The best is probably that of M. Taschereau,

prefixed to an edition of his works ((Euircs Computes, Paris, 1863).

To this may bo added Jules Loiseleur's Lcs Points Obscurs de la

Fie de MolUre, Paris, 1877. ^Ye have seen that M. Loiseleur is

not alwaj-s accurate, but he is laborious. For other books it is

enough to recommend the excellent BMiographie Moliircsque of M.

Paul Lacroix (1S75), which is an all but faultless guide. The best

edition of Moliere's works for tho purposes of the student is that

published in Lcs Grands £crivains d» la France {Hachette, Paris,

187'J-1S82). Tho edition is still incomplete. It contfiins reprints

of many contemporary tracts, and, with the Regislre of La Grange,

and the Collection Molidresque of JI. Lacroix, is the chief source of

tho facts stated in this notice, in cases where the rarity of docu-

ments has prevented the writer from studjTng them in tho original

texts. Another valuable authority is the Bcchcrches stir Moliere

et sur sa Famille of Ed. Soulie (1863). Lotheisen's Moliire, sein

Leben und seine Werke (Frankfurt, 1880), is a respectable Ger-

man compilation. Le Moliiristc (Tresse, P.aris, edited by M. Georges

Monval) is a monthly serial, containing notes on Moliire and his

plays, by a number of contributors. The essays, biographies, plays,

and poems on Jloli^re are extremely numerous. The best guide to

these is the indispensable Bibliographie of M. Lacroix. The English
biographies are few and as a rule absolutely untrustworthy. (A. L.

)

MOLINA, Luis (1535-1600), a Spanish Jesuit, whom
Pascal's Lettres cCun Provincial have rendered immortal,

was born at Cuenca in 1535. Having at the age of eighteen

become a member of the Company of Jesus, he studied

theology at Coimbra, and afterwards became professor in

the university of Evora, Portugal. From this post he
was called, at the end of twenty years, to the chair of

moral theology in Madrid, where he died on 12th October

1600. Besides other works he wrote Libert arlitrii cum
gratix donis, divina prxscientia, providentia, pnedestinatione

et reprobaiione, concordia (4to, Lisbon, 1588); a com-

mentary on the first part of the Summa of Thomas Aquinas

(2 vols., fol., -Cuenca, 1593); and a treatise De Jttstilia et

Jure (6 vols., 1593-1609). It is to the fir.st of these that

his fame is principally due. It was an attempt to reconcile,

in words at least, the Augustinian doctrines of predestina-

tion and grace with the Semipelagianism which, as shown
by the recent condemnation of Bajus (q.v.), had become
prevalent in the Roman Catholic Church. Assuming that

man is free to perform or not to perform any act whatever,

Molina maintains that this circums'tance renders the grace

of God neither unnecessarynor impossible :—not impossible,

for God never foils to bestow grace upon those who ask it

with sincerity ; and not unnecessary, for grace, although
not an efficient, is stiU a sufficient cause of salvation. Nor,
in Molina's view, does his doctrine of free-will exclude
predestination. The omniscient God, by means of His
" scientia media " (the phrase is Molina's invention, though
the idea is also to be found in his older contemjtorary
Fonseca), or power of knowing future contingent events,

foresees how we shall employ our own free-will and treat
His proffered grace, and upon this foreknowledge lie can
found His predestinating decrees. These doctrines, although
in harmony with the prevailing feeling of the Koman
Catholic Church of the period, and further recommended
by their marked opposition to the teachings of Luther and
Calvin, excited violent controversy in some quartets,
especially on the part of the Dominicans, and at last

rendered it necessary for the pope (Clomeut VIII.) to
interfere. At first (1594) he simply enjoined silence on
both parties so far as Spain was concerned ; but ultimately,
in 1 598, he appointed the " Congregatio de Auxiliis Gratia"
for the settlement of the dispute, which became more and
more a party one. After holding very numeuus sessions,

the "congregation" was able to decide nothing, and in
1607 its meetings wero suspended by Paul V., who
announced his intention of himself pronouncing judgment
in due tiir,' ^lo contented himself, however in 1611,
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•with prohibiting all further discussion of the question "dc
auxiliis," and studious efforts wore made to control the

publication even of commentaries on Aquinas. The
Molinist subsequently passed into the Jansenist controversy,

and ^t is as a champion of Jansenism that Pascal in the

Provincial Letters attacks Slolina and the scieniia media
{see Jansexish).

MOLINE, a city of the United States, in Rock. Island

county, Illinois, is situated in a picturesque district on the

left bank of the Mississippi, opposite the upper end of Rock
Island. First settled in 1832, the town was organized as

\ city in 1872. It is noted for its water-power, developed

. nd maintained by the Government, and for the number and
i>nportance of its manufacturing establishments. By means
of a dam nearly a mile in length, from the Illinois shore

to the island, an almost uniform head of 7 feet of water is

obtained, which is used in driving the machinery of the

Government arsenal on the island, and in supplying power
to several factories. Beds of bituminous coal are mined in

the neighbourhood, and three Lines of railway pass through
the city, affording with the river ample means of communi-
cation. The most prominent manufactures are agricultural

implements and machinery generally, waggons, organs,

paper,, and stoves. Moline has nine chtirches, a complete
system of graded free schools, including a high school, and
a free library. The population increased from 40G6 in

1870 to 780.5 in 1880, and with the suburbs the number
is now estimated at 12,000-

MOLINOS, Miguel de (1627-c. 1696), a Spanish
priest whose name is intimately associated with that type
of religion known in Italy and vSpain during the latter

half of the L7th century as Qvdetism, was born of good
family in the diocese of Saragossa, on 21st December 1627.
Having entered the priesthood, he settled about his fortieth

year in Rome, where he speedily rose to high repute as a
father confessor, and gained many distinguished friends,

am.ong whom were several cardinals, including Odescalchi
(afterwards Innocent XL, 1676). In 1675 he published at

Rome a small duodecimo volume entitled Guida spirituale

<lif. disinvolgp. I'anima e la conduce per I'iiiierior camino alV

aequuto delta perfetla contempladone e del ricco tesoro della

pace .interiore, which was soon afterwards foUowed by the
Breve trattato della cottidiana communione, usually bound
tip with it in later editions. The work, which breathes a
spirit of simple and earnest piety, is designed to show how
inward peace may be found by what may be called con-

templative or passive prayer, by obedience, by frequent

communion, and by inward mortification ; it was widely
circulated,, and greatly increased the popularity of its

author, whom Innocent XI. after his elevation provided

with rooms in the Vatican, and is said to have also taken

as his spiritual director. Its doctrine of the passivity of

the highest contemplation and purest prayer does not

appear to have raised the slightest discussion until after

the pubbcation, in 1681, of the Concordia ira la fatica e

la qui'-le nelV oratione, by the Jesuit preacher, Paolo Segneri.

Although scrupulously refraining from any mention of

the name of Molinos, and indeed displaying considerable

moderation as a controversialist, Segneri by this tract and
by another with which he followed it up brought upon
himself much unpopularity; and so. great did the excitement

become that a committee was at last appointed by the

Inquisition to investigate his own views as well as to

€.xamine the writings of Molinos'and of his friend Petrucci

(author of La contemplcudonc wiistica acqni^tata). The
report (1682) was entirely favourable to the doctrines of the

Gnidii Spirituale, the writings of Segneri being censured

as scandalous and heretical; but in 1685, in consequence

of representations made to the pope by Louis XIV., under

the Jesuit influence of Pcro La Chaise, both Petrucci and

Molinos were laid under arrest, and the papers of the latter,
including a voluminous correspondence, seized. Petrucci
was soon afterwards liberated, and relieved from further
persecution by the gift of a cardinal's hat; but, after Molinos
had languished in confinement for two years, suddenly 200
persons, many of them of high rank, \\ ere also apprehended
by order of the Inquisition for what were then for the first
time caUed "Quietist" opinions. In 1687 the pope signi-
fied his approval of the condemnation pronounced by the
Inquisition on sixty-eight doctrines imputed to Jlolinos.
The "heretic" forthwith " abjured " these, and thus escaped
the flames indeed, but did not regain his liberty. Of his
later years nothing is kno^vn ; according to the most prob-
able accounts he languished in imprisonment until 28th
December 1696.

Tlie evidence on -which certain charges of immorality against
Mohnos were based is unknown, and the degree of his responsibility
lor certain of the condemned propositions is obscure; but a perusal of
the Guxda Spirituale at least does not disclose to the candid reader
any reason wherelore Molinos should not have been tolerated within
a church which has canonized St Theresa. The explanation of the
treatment to which he waa subjected is most probably to be sought
rather in the negative than in tho positive aspects of his teaching,
and still more in the passing exigencies of party politics. As
Tholuck remarks, it was h.trdly to be expected that the Society of
Jesus should regard as otherwise than highly dangerous a man who
"declared confession and outward mortification to be work only
for beginners, who himself abstained from confessing for twelve
years on end, by whoso advice countless monks and nuns had
thrown aside chaplets, images, and reUqucs, that they might
worship God in the spirit, and who, moregver, stood w'eU w^ith
the fashionable world and with the pope himself." The Guida
Spirituale was published in Spanish at Madrid in 1676, and fre-

quently afterwards ; it was also translated into Latin (Manuduclio
Spiritvalis, Leipsic, 1C37) by A. H. Francke, the well-known
German pietist and philanthropist, and an English version (The
spiritual guide, which disentangles the soul aiid brings it by the
inward way to the getting of perfect contemplation and the rich
treasure of eternal peace: with a brief treatise co-ncerning daily
cmimunion) appeared in 1688. The materials for a history of
the Quietist conti'oversy are very fully given in the third volume
of Gottfried Arnold's Kirchen-utid Kctzcrhistorie. See also Heppe,
Geschichte der quictislischcn Mystik in der Kaiholischen KircJiC

(Berlin, 1875) ; Tholuck'.s article on " Molinos " in Herzog's
Kfalencykloptidie ; and Bigelow, Molinos the Quietist, New York,
1882.

MOLISE, now CAMPOBASso,.a province of Italy, stretch-

ing twenty miles along the coast of the Adriatic, and
boimded by the Abruzzi (Chieti and Aquila), Terra di

LavoTO (Caserta), Benevento, and Capitanata (Foggia).

Most of it lies on the north-eastern side of the Apennines,
and is watered by the Biferno, the Forlone, and the Trigno

;

but it also includes the country on the other side 'which

contains the head streams of the Voltumo. About five-

sixths of the surface may be described as mountainous or

hilly, the loftiest range being the Matese on the borders

towards Benevento, with its highest point in Monte
Miletto, 6750 feet. The population, which increased from

346,007 in 1861 to 365,434 in 1881, is mainly dependent
on pastoral and agricultm'al pursuits, neither manufactures
nor trade being highly developed. According ^o the census

of 187 1, there were six places with more than 5000 inhabit-

ants—Campobasso, 12,890; Riccia, 8123; Isernia, 7715;
Agnone,7147; Cascalende,6217; and Larino, 5357; accord-

ing to the census of 1881, 21 of the 133 communes had a
population exceeding 4000.

The Molise territory was in ancient times part of tho country of

tho Sabines and Samnitea. Under the Lombards it was included
in the duchy of Benevento; but the districts of Sepino, Boiano,

and Is'emia were cut off to form a dom.iin for the Bulgarians who had
come to assist King Grimoald. About two centuries later this became
the countship of Boiano, and the name was soon after changed to

countship of Molise, probably because the lordship was held by Ugone
di Molisio, or Molise. Attached under Frederick H. to the Terra di

Lavoro, and at a later date incorporated with Capitanata, tho district

did not again become an independent proWni 3 till 1811. In 1861

it suncndered fifteen communes to Benevento, and received thirteen

from Terra di LaVoro.
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THE MolIii3ca form one of the great " phyla," or sub-

kingdoms of the Animal Pedigree or Kingdom.

Literary History of the Group.—'iha shell-bearing forms

belonging to this group which were known to Linnaeus were

placed by him (in 1748) in the third order of his class

Vermes under the name "Testacea," whilst the Echino-

derms, Hydroids, and Annelids, with the naked Molluscs,

formed his second order, termed " Zoophyta." Ten years

later he replaced the name " Zoophyta " by " Mollusca,"

which was thus in the first instance applied, not to the

Mollusca at present so termed, but to a group consisting

chiefly of other organisms. Gradually, however, the term

Mollusca became used to include those Mollusca formerly

placed among the "Testacea," as well as the naked Mollusca.

It is important to observe that the term fia\a.Kia, of which

Mollusca is merely a Latinized form, was used by Aristotle

to indicate a group consisting of the Cuttle-fishes only.

The definite erection of the Mollusca into the position

of one of the great primary groups of the animal kingdom

is due to George Cuvier (1788-1800), who largely occupied

himself with the dissection of representatives of this tj'pe (1).^

An independent anatomical investigation of the Mollusca

had been carried on by the' remarkable Neapolitan natur-

alist Poll (1791), whose researches (2) were not published

until after his death (1817), and were followed by the

beautiful works of another Neapolitan zoologist, the illus-

trious Delle Chiaje (3).

The " embranchemont " or sub-kingdom Mollusca, as de-

fined by Cu-vier, included the following classes of shell-fish :

—

1, the cuttles orpoulps, under the name Cephalopoda; 2,

the snails, whelks, and slugs, both tterrestrial and marine,

under the name Gastropoda ; 3, the sea^butterflies or

winged-snails, under the name Pteropoda ; 4, the clams,

mussels, and oysters, under the name Acephala ; 5, the

lamp-shells, under the name Beachiopoda ; 6, the sea-

squirts or ascidians, under thd name Nuda ; and 7, the

barnacles and seaacorns, under the name Cibrhopoda.
The main limitations of the sub-kingdom or phylum

ifollusca, as laid do^^ii by Cuvier, and the chief divisions

thus recognized within its limits by him, hold good to the

present day. At the same time, three of the classes con-

sidered by him as Mollusca have been one by one removed
from that association in consequence of improved know-
ledge, and one additional class, incorporated since his day
with the Mollusca with general approval, has, after more
than forty years, been again detached and assigned an
independent position owing to newly-acquired knowledge.
The first of Cuvier's classes to bo removed from the Mol-

lusca was that of the Cirrhopoda. Their affinities with the
lovrer Crustacea were recognized by Cuvier and his contem-
poraries, but jt was one of the brilliant discoveries of that
rejnarkable and too-little-honoured naturalist, J. Vaughan
Thompson of Cork, which decided their position as Crus-
tacea. The metamorphoses of the Cirrhopoda were described
and figured by him in 1 8.30 in a very complete manner,
and the legitimate conclu.sion as to their affinities was for-

mulated by him (4). Thus it is to Thompson (1830), and
not to Burmcister (1834), as erroneously stated by Kefer-
stein, that the merit of this discovery belongs. The' next
class to be removed from Cuvier's ^Mollusca was that of the
Nuda, better known as Tunicata. In 18C6 the Russian
embryologist Kowalewsky startled the zoological world with
a minute account of the developmental changes o{ Ascidia,
one of the Tunicata (5), and it became evident that the

' Tlieae figures refer to the bibliography at the «nd of the article,
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affinities of that class were with the Vertebrata,whilst their

structural agreements with Mollusca were only superficial.

The last class which has been removed from the Cuvierian

Mollusca is that of the Lamp-shells or Brachiopoda. The

history of its dissociation is connected with that of the

class, viz., the Polyzoa or Bryozoa, which has boon both

added to and again removed from -the Mollusca between

Cuvier's date and the present day. The name of J.

Vaughan Thompson is again that which is primarily con-

nected with the history of a Molluscan class. In 1830

he pointed out that among the numerous kinds of " polyps"

at that time associated by naturalists with the Hydroids,

there were many wliich had a peculiar and more elaborate

type of organization, and for these he proposed the name
Polyzoa (6). Subsequently (7) they were termed Bryozoa

by Ehrenberg (1831).

Henri Milne-Edwards in 1844 demonstrated (8) the affi-

nities of the Polyzoa with the Molluscan class Brachiopoda,

and proposed to associate the three classes Brachiopoda,

Polyzoa, and Tunicata in a large group "MoUuscoidea,"

coordinate with the remaining classes of Cuvier's Mollusca,

which formed a group retaining the name Mollusca. By
subsequent writers the Polyzoa have in some cases been kept

apart from the Mollusca and classed with the " Vermes ;

"

whilst by others (including the present writer) they have,

together with the Brachiopoda, been regarded as true Mol-

lusca. The recent investigation by Mr. Caldwell (1882)
of the developmental history of Phoronis (9), together

with other increase of knowledge, has now, however, estab-

lished the conclusion that the agreement of structure

supposed to obtain between Polyzoa and true Mollusca is

delusive ; and accordingly they, together with the Brachi-

opoda, have to be removed from the Molluscan phylum.
Further details in regard to this, the last revolution in !Mol-

luscan classification, wiU be found in the article Polyzoa.
As thus finally purified by successive advances of era-

bryological research, the Mollu.<!ca are reduced to the

Cuvierian classes of Cephalopoda, Pteropoda, Gastropoda,

and Acephala. Certain jnodifications in the disposition of

these classes are naturally enough rendered necessary by
the vast accumulation of knowledge as to the anatomy and
embryology of the forms comprised in them during fifty

years. Foremost amongst those who have within that

period laboured in this group are the French zoologists

Henri Milne-Edwards (20) and Lfcaze Duthiers (21), to

the latter of whom we owe the most accurate dissections

and beautiful illustrations of a number of different types.

To Kolliker (22), Gegenbaur (23), and more recently Spengel

(24), amongst German anatomists, we are 7ndebted for

epoch-making researches of the same kind. In/ England,
Owen's anatomy of the Pearly Nautilus (10), Hu.<cley's dis-

cussion of the general morphology of the Mollusca (11),
and Lankester's embryological investigations (12), have
aided in advancing our knowledge of the group. Two
remarkable works of a systematic character dealing witli

the Mollusca deserve mention here— the Manual of the

Mollusca by the late Dr. S. P. Woodward, a model of clear

systematic exposition, and the exhaustive treatise on the
Malacozoa or Weichthiere by the late Professor Keferstein
of Gottingen, published as part of Bronn's Classen und
Ordnungen des Thier-Eeichs. The latter work is the most
completely illustrated and most exhaustive survey of exist-

ing knowledge of a large division of the animal kingdom
which has ever been produced, and, whilst forming a monu-
ment to its lamented author, places the student of Mol-
luscan morphology in a peculiarly favourable position.
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fUasses of the Mollitsca.—The classes of the Mollusca

which we recognize are as follows :

—

Phylum Mollusca.

Branch A.—Glossophora. Branch B.—Lipooephala
( = Acephula, Cuvicr).

Claa.) 1 —Gastropoda. Class 1.

—

Lamellihranchia
St. a.—hopleura. (Syn. Conchifera).

Examples — Chiton, Neo- Examples—Oyster, ' Mussel,

nieuia. Clam, Cockle.

Br. b.—Anisopleura.

Examples— Limpet, Whelk,
Snail, Slug.

Class 2.—PcAi-HOPODA.
Example—Tooth-shell.

Class 3.

—

Cephalopoda.
Br a.—Plcropoda.

Examples— Uyilxi, Pneu-
moderraon.

Br. b.—Siphonopoda.
Examples— Nautilus, Cut-

tles, Poulp.

General Cliaracters of the Molltisca.—The forms com-

prised in the above groups, whilst exhibiting an extreme

range of variety in shape, as may be seen on comparmg
an Oyster, a Cuttle-fish, and a Sea-slug such as Doris

;

whilst adapted, some to life on dry land, others to the

depths of the sea, others to rushing streams ; whilst capable,

some of swimming, others of burrowing, crawling, or jump-

ing, some, on the other hand, fixed and immobile ; some
amongst the most formidable of carnivores, others feed

ing on vegetable mud, or on the minutest of microscopic

organisms—yet all agree in possessing in common a very

consideraole number of structural details which are not

possessed in common by any other animab.

The structural features which the MoUusca do possess

in common with other animals belonging to other great

phyla of the animal kingdom are those characteristic of

the Coelomata, one of the two great grades (the tither and
lower being that of the Ccelentera) into which the higher

ammals, or Enterozoa as distinguished from the Protozoa,

are divided (13). The Enterozoa aU commence their indivi-

dual existence as a single cell or plastid, which multiplies

itself by transverse division. Unlike the cells of the Proto-

zoa, theseembryonic cells of the Enterozoa do not remain each

Like its neighbour and capable of independent life, but pro-

ceed to arrange themselves in two layers, taking the form

of a sac. The cavity of the two-ceU-layered sac or Diblas-

tula thus formed is the primitive gut or arch-enteron.
In the Coelentera, whatever subsequent changes of shape

the little sac may undergo as it grows up to be Polyp or

Jelly-fish, the original arch-enteron remains as the one

cavity pervading all regions of the body. In the Ccelomata

the arch-enteron becomes in the course of development

divided into two totally distinct cavities shut off from one

another—an axial cavity, the met-enteron, which retains

the function pf a digestive gut ; and a pen-axial cavity,

the CfflLOM or body-cavity, which is essentially the blood-

space, and receives the nutritive products of digestion and

the waste products of tissue-change by osmosis. The
Mollusca agree in being Coelomate with the phyla Verte-

brata, Platyhelmia (Flat^worms), Echmoderma, Appendicu-

Iftta (Insects, Ringed-worms, &c.), and others,—in fact,

with all the Enterozoa except the Sponges, Corals, Polyps,

and Medusae

In common with all other Coelomata, the Mollusca

are at one period (jf life possessed of a prostomium

or region in front of the mouth, which is the essential

portion of the " head," and is connected with the property

of forward locomotion in a defijiite direction and the steady

can-iage of the body (as opposed to rotation of the body

on its long axis). As a result, the Coelomata, and with

them the Mollusca, present (in the first instance) the general

10-23"

condition of body known as bilateral sym-metry ; the

dorsal is differentiated from the ventral surface, whilst a
right and a left side similar to, or rather the complements
of, one another are permanently established. In common
with all other Coelomata, the Mollusca have the mouth and
first part of the alimentary canal which leads into the

met-enteron formed by a special invagination of the outer

layer of the primitive body-wall, not to be confounded with
that which often, but not always, accompanies the ante-

cedent formation of the arch-enteron ; this invagination

is termed the stomod^sum. Similarly, an anal aperture is

formed in connexion with a special invagination which
meets the hinder part of the met-enteron. and is termed
the PROCTODEUM.

In common with many (if not all) Ccelomata, the Mol-
lusca are provided with at least one pair of tube-like organs,

which open each by one end into the coelom or body cavity,

and by the other end l.o the exterior, usually in the neigh-

bourhood of the anus. These are the nephrldia.
Like all other Coelomata, the Mollusca are also provided

with special groups of cells forming usually paired or median
growths upon the walls of the coelomic cavity, the cells

being specially possessed of reproductive power, and dif-

ferentiated as egg-cells and sperm-cells. These are the

GONADS. As in other Ccelomata, the cells of the gonads
may escape to the exterior in one of two ways—either

through the nephridia, or, on the other hand, by special

apertures.

As in all other Coelomata, the cells, which build up
respectively the primary outer layer of the body, the

hmng layer of the met-enteron, and the lining layer of the

coelom, are midtipLied and differentiated in a variety of

ways in the course of growth from the early embryonic
condition. Tissues are formed by the adhesion of a num-
ber of similarly modified cells in definite tracts. As in al)

Coelomata, there is a consideiable variety of tissues char-

acterized by, and differentiated in relation to, particular

physiological activities of the organism. Not only the

Ccelomata but also many Coelentera show, in addition to

the EPITHELIA (the name given to tissue which bounds a

free surface, whether it be that of the outer body-wall, of

the gut, or of a blood-space), also deeper lying tissues,

of which the first to appear is muscular tissue, and the

second nervous tissue.

The epithelia are active in throwing off their constituent

cells (blood-corpuscles from the wall of the coelom), or in

producing secretions (glands of body-wall and of gut), or

in forming horny or calcareous plates, spines, and pro-

cesses, known as cuticular products (shells and bristles

of the body-waU, teeth of the tongue, gizzard, <tc.).

In the Mollusca, as in all other Coelomata, in correspond-

ence with the primary bilateral symmetry and in relation

to the special mechanical conditions of the prostomium,

the nervous tissue which is in Coelentera, and even in Flat-

worms, diffused over the whole body in networks, tends

to concentrate in paired lateral tracts, having a special

enlargement in the prostomium. The earlier plexiform

arrangement is retained in the nervous tissue of the walls

of the alimentary canal of many Ccelomata, whilst a con-

centration to form large nerve-masses (ganglia), to which

numerous afferent and efferent fibres are attached, affects

the nervous tissue of the body-wall.

In all Coelomata, including Mollusca, muscular tissue is

developed in two chief layers, one subjacent to the dene or

outer epithelium (soM.iTic musculature), and a cccond sur-

rounding the alimentary canal (spi anchnic musculature).

Thus, primarily, in Coelomata the body has the character of

two mTiscular sacs or tubes, placed one within the other

and separated from one another by the ccelomic space.

The somatic musculature is the more copious and develops
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very generally an outer circular layer (i.e., a layer in which
the muscular fibres run in a direction transverse to the
long axis of the body) and a deeper longitudinal layer

;

to these oblique and radiating fibres may be added. The
splanchnic musculature, though more delicate, exhibits a
circular layer nearer the enteric epithelium, and a longi-

tudinal layer nearer the coelomic surface.

In Ccelomata and in many Coelentera there are found
distributed between the tracts of muscular tissue, bounding
them and giving strength and consistency also to the walls

of the body, of the alimentary canal, of the coelom, and of

the various organs and tissue-masses (such as nerve-centres,

gonads, <tc.) connected vrith these, tracts of tissue the

function of which is skeletal. The skeletal tissue of

Mollusca, in common with that of other Ccelomata, exhibits

a wide range of minute structure, and is of difi"ering density

in various parts ; it may be fibrous, membranous, or carti-

laginous. The Mollusca, in common with the other Ccelo-

mata, exhibit a remarkable kind of association between the

various forms of skeletal tissue and the epithelium which
lines the coelomic cavity. The coelomic cavity contains a
liquid which is albuminous in chemical composition (blood-

lymph or h^.molymph), and into this liquid cells are shed
from, the ccelomic epithelium. They float therein and are

known as blood corpuscles or lymph coepuscles. The
coelomic space with its Contained hsemolymph is not usually

in Coelomata, and is not in Mollusca, a simple even-walled

cavity, but is broken up into numerous passages and re-

cesses by the outgrowths, both of the alimentary canal and
of its own walls. By the adhesion of its opposite walls,

and by an irregularity in the process of increase of its area

during growth, the coelom becomes to a very large extent a
spongy system of intercommunicating lacuna or irregular

spaces, filled ivith the coelomic fluid. At the same time, the

coelomic space has a tendency to push its way in the form of

narrow canalsand sinuses between the layers of skeletal tissue,

and thus to permeate together with the skeletal tissue in

the form of a 'spongy, or it may be a tubular, network all

the apparently solid portions of the animal body. This

association of the nutritive and skeletal functions is accom-
panied by a complete identity of the tissues concerned in

these functions. Not only is there complete gradation

from one variety of skeletal tissue to another (e.^., from
membranous to fibrous, and from fibrous to cartilaginous)

even in respect of the form of the cells and their intercellular

substance, but the coelomic epithelium, and consequently

the hamolymph with its floating corpuscles derived from
that epithelium, is brought into the same continuity. The
skeletal and blood-containing and -producing tissues in fact

form one widely-varying but continuons whole, which may
be called the skeleto-tkophic system of tissues.

In many Coelomata not only do the skeletal tissues

allow . the coelomic space with its fluid and corpuscles to

penetrate between their layers, but a special mode of

extension of that space is found, which consists in the

hollovidng out of the solid substance of elongated cells

having the form of fibres, which thus become tubular,

and, admitting the nutritive fluid, serve as channels for

its distribution. These are "capillary vessels," and it has

yet to be shown that such are formed in the Mollusca.

Larger vessels, however, concerned in guiding the move-
ment of the coelomic fluid in special directions are very

usually developed in the Mollusca, as in other Coelomata,

by the growth of skeletal tissue around what are af first

ill-defined extensions of the coelomic space. In this way
a portion of the coelomic space becomes converted into

vessels, whilst a large part remains with irregular walls

extending in every direction between the skeletal tissues

and freely communicating with the system of vessels. As
in many other Coelomata, muscular tissue grows around

the largest vessel formed from the primitive coelom, which
thus becomes a contractile organ for propelling the blood-

lymph fluid. This " heart " has in Mollusca, as in most
other Coelomata in which it is developed, a dorsal position.

A communication of the blood-lymph space with the

exterior by means of a pore situated in the foot or else-

where.has been very generally asserted to be characteristic

of Mollusca. It has been maintained that water is intro-

'duced by such a pore into the blood, or admitted into a
special series of water-vessels. It has also been asserted

that the blood-fluid is expelled by the Mollusca from these

same pores. Recent investigation (14) has, however, made
it probable that the pores are the pores of secreting glands,

and do not lead into the vascular system. There is, it there-

fore appears, no admission or expulsion of water through
such pores in connexion with the blood, although in some
other Coelomata it is established that water is taken into

the ccelomic space through a pore (Echinoderms), whilst in

some others there is no doubt that the ccelomic haemolymph
is occasionally discharged in quantity through pores of defi-

nite size and character (Earthworm, &c.).

We have thus seen that the Mollusca possess, in common
with the other Coelomata;— 1, a body composed of a vast

number of cells or plastids, arranged so as to form a sac-

like body-wall, and within that a second sac, the met-enteron,

the wall of which is separated from the first by a coelom or

blood-lymph space ; 2, a stomodseum and a proctodeum

;

3, a prostomium, together with a differentiated dorsal and
ventral surface, and consequently right and left sides, i.e.,

bilateral S3rmmetry ; 4, a pair of nephridia ; 5, gonads
developed on the wall of the coelom ; 6, deric epithelium

(producing horny and calcareous deposits on its surface),

enteric epithelium, and coelomic epithelium ; 7, laterally

paired masses of nerve-tissue, especially large in the pro-

stomial region (nerve-centres or ganglia) ; 8, muscular

tissue, forming a somatic tunic and a splanchnic tunic ; 9,

skeleto-trophic tissues, consisting of membranous, fibrous, and
cartilaginous supporting tissues, and of blood-vessels and the

walls of blood-spaces, the coelomic epithelium, and the liquid

tissue known as hsemolymph (commonly blood).

Schematic Mollusc.—Starting from fhis basis of structural

features common to them and the rest of the Ccelomata,

we may now point out what are the peculiar developments
of structure which characterize the Mollusca and lead to

the inference that they are members of one peculiar branch
or phylum of the animal pedigree. In attempting thus to

set forth the dominating structural attributes of a great

group of organisms it is not possible to make use of arbi-

trary definitions. Of Mollusca, as of other great phyla, it

is not possible categorically to enunciate a series of struc-

tural peculiarities which will be found to be true in refer-

ence to every member of the group. We have to remember
that the process of adaptation in the course of long ages

of development has removed in some cases one, in other

cases another, of the original features characteristic of tho

ancestors from which the whole group may be supposed to

have taken' origin, and that it is possible (and actually is

realized in fact) that some organisms may have lost all tho

primary characteristics of MoUuscan organization, and yet

be beyond all doubt definitely stamped as Mollusca bj'

the retention of some secondary characteristic which is so

peculiar as to prove their relationship with other Mollusca.

An example in point is found in the curious fish-Uke form
Phyllirhoe (fig. 58), which has none of the primary char-

acteristics of a Mollusc, and yet is indisputably proved to

belong to the Molluscan phylum by possessing the peculiar

and elaborate Ungual apparatus present in one branch of

the phylum, the Glossophora.

In order to exhibit concisely the peculiarities' of organi-

zation which characterize the Mollusca, we find it most
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convenient to construct a schematic Mollusc, which shall

possess in an unexaggerated form the various structural

arrangements which are more or less specialized, exagger-

ated, or even suppressed in particular members of the group.

Such a schematic Mollusc is not to be regarded as an arche-

l

Pio. 1.— Schematic Mollusc. A. Dorsal aspect. B. Ventral aspect C. The
heart, pericardium, gonads, and nephridia shown in position. D. The nervous
system ; the reader is requested to note that the cord passing backwards
from g.pe lies beneath, and does not in any way unite with the cord which
"passes from g.ab to g.pl. E. Diagram in which the body-wall is represented

as out in the median antero-posterior plane, so as to show organs in position,

—the shell-sac is seen in section, but the shell is omitted.
Letters in all the figures as follows ;—a, cephalic tentacle ; b. head ; c, edge

. f the mantle-skirt or lirabus pallialis ; d, dotted line indicating the line of
origin of the free mantle-skirt from the aides of the visceral hump ; e, outline

of the foot seen through the mantle-skirt in A which is supposed to be trans-

parent, allowing the position of this and of the various parts ft, i, k, ?, m, to

be seen through its substance
; /, edge of the shell-follicle

; fir, the shell ; ft,

the osphradium, paired (Spengel's olfactory organ) ; i, the ctenidiam, paired
(gill-plume) ; it, aperture of the gonad, paired ; I, aperture of one of the two
nephridia : m, anus ; n, posterior region of the foot reaching farther back
than the mass of viscera (dorsal hump) which it carries ; o, mouth ; p, plantar
surface of the foot ; g, cut edge of the body-wall of the dorsal region ; r,

coelomic space (blood-lymph space or body-cavity), mostly occupied by liver,

but to some extent retained as blood-channels and lacunae ; s, pcrirardial

cavity ; t, gonad (ovary or spermary), paired ; v, nephridium, paired ; v, ven-
tricle of the heart receiving the right and the left auricles at its sides, and
sending off anteriorly a large vessel, posteriorly a small one : «, the cephalic

eye, paired ; r, dotted ring to show the position occupied by the cesophagus
in relation to the ner\'e ganglia and cords ;. y, the otocyst, paired ; zl, fhe

digestive gland (so-called "liver") of the left side ; z.g, duct of the digestive

gland of the right side
;

g,c, cerebral ganglion united by the cerebral com-
missure to its fellow ; g.pl, pleural ganglion united by the cerebro-pleural

connective to the cerebral ganglion, and by the pleuro-pedal connective to

the pedal ganglion ; g.pe, the pedal ganglion united to its fellow by the pedal
commissure— the two sending off posteriorly the long ladder-like pair of pedal

ner\'es ;
g.v, the visceral gangUoQ (of the left side) united by the visceral

loop or commissure to the similar ganglion on the right side, and by the
viscero-pleural connective to the pleural ganglion

;
g.ab, abdominal ganglion

developed on the course of the visceral loop ; g.olf, olfactory ganglion placed
near the osphradium on a nerve taking i*-s origm from the visceral ganglion.

type, in the sense which has been attributed to that word,

nor as the embodiment of an idea present to a creating mind,

nor even as an epitome of developmental laws. Were know-

ledge sufficient, we should wish to make this schematic

Mollusc the representation of the actual Molluscan ancestor

from which the various living forms have sprung. To defi-

nitely claim for our schematic form any such significance

in the present state of knowledge would be premature,

but it may be taken as more or less coinciding with what

we are justified, under present conditions, in picturing to

ourselves as the original Mollusc or archi-MoUusc (more

correctly Archimalakion). After describing this schematic

form, we shall proceed to show how far it is realized or

justified in each class and order of MoUusca successively.

The schematic Mollusc (fig. 1, A. to E) is obtong in

shape, bilateraUy symmetrical, with strongly differentiated

dorsal and ventral surface, and has a well-marked head,

consisting of the prostomium (6) and the region imme-

diately behind the mouth. Upon the head we place a

pair of short ceph.alic tentacles (a). The mouin, is

placed in the median line anteriorly, and is overhung by
the prostomium (B, o) ; the anus is placed in the median

line posteriorly, well raised on the dorsal surface (.A, m).

The apertures of a pair of nephmdia are seen in the

neighbourhood of the anus right an^ left (A, I). Near

the nephridial apertures, and in front of them, right and

left, are the pair of apertures {k) appropriate to the ducts

of the GONADS (generative pores).

The most permanent and distinctive Molluscan organ

is the FOOT (Podium). This is formed by an excessive

development of the somatic musculature along the ventral

surface, distinctly ceasing at the region of the head, below

which it suddenly projects as a powerful muscular mass

(B, p ; E, p). It may be compared, and is probably genetic-

ally identical, with the muscular ventral surface of the

Planarians and with the suckers of Trematoda, but is more
extensively developed than are those corresponding struc-

tures. The muscular tissue of the foot, and of aU other

parts of the body of all MoUusca, is cellular and unstriated,

as distingmshed from the composite muscular fibre (con-

sisting of cell-fusions instead of separable cells) which

occurs in Arthropoda and in Vertebrata, and which has

the further distinction of being composed of alternating

bands of substance of differing refractive power (hence

"striated"). The appearance "of cross striation seen in

the muscular cells of some JIolluscs (odontophore of

HaUotis, Patella, <S:c.) requires further investigation. It

is by no means altogether the same thing as the tnark-

ing characteristic of striated muscular fibre.

Contrasting with the ventral foot is the thin-walled

dorsal region of the body, which may be termed the anti-

podial region. This thin-walled region is formed by soft

viscera covered in by the comparatively deUcate and non-

muscular body-wall (fig. 1, E). As the ventral foot is

clearly separate from the projecting head, so is this dorsal

region, and it is conveniently spoken of as the viscekal

HUMP or " dome " (cupola). Protecting the visceral dome
is a SHELL (conchylium) consisting of a horny basis impreg-

nated with carbonate of lime,i and secreted by the deric

epithelitun of this region of the body (ff). The shell

in our schematic JIoUusc is single, cap-shaped, and sym-

metrical. It does not lie entirely naked upon the surface

of the visceral dome, but is embedded aU round its margin,

to a large extent in the body-wall. In fact, the integu-

ment of the visceral dome forms an open flattened s-''c

in which the shell lies. This is the primaey shell-

sac, or FOLLICLE (A and E, /). The wall of the body pro-

jects aU round the visceral dome in the form of a flap or

skirt, so as to overhang and conceal to some extent 'he

head and the sides of the foot. This skirt, really an out-

' As to the minute structure of the shell in various classe<, see

Carper let's article "Shell " in the Cyclop, of Anal, and Physiol. The

limits of our space do not permit us to deal with this or other histo-

logical topics.
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growth of the dorsal hody-wall, is called the mantle-flap

(limbus palUalis), or more shortly the mantle or palliitm

(c). The space between the overhanging mantle-flap and the

sides and neck of the animal which it overhangs is called

the sub-pallial space or chamber. Posteriorly in this

space are placed the anus and the pair of nephiidial aper-

tui-es (see fig. 1, E).

The development of the mantle-skirt and its sub-pallial

space appears to have a causal relation, in the way of pro-

tection, to a pair of processes of the body-wall which

spring, one on the right and one on the left, from the sides

of the body, nearer the anus than the mouth, and are

concealed by the mantle-flap to some extent (A, B, i).

These processes have an axis in which are two blood-vessels,

and are beset with two rows of fliattened filaments, like the

teeth of a comb in double series. These are the ctenidla

or gill-combs. Usually, as wiU be seen in the sequel, they

play the pai't of giUs, but since in many Molluscs (Lamelli-

branchs) their function is not mainly respiratory, and since

also other completely-formed giUs are developed as special

organs in some Molluscs to the exclusion of these pro-

cesses, it is well not to speak of them simply as " giUs " or

" branchiae," but to give them a non-physiological name
such as that here proposed. Near the base of the stem of

each ctenidium is a patch of the epithelium of the body-

wall, peculiarly modified and suppEed with a special nerve

and ganglion. This is Spengel's olfactory organ, which

tests the respiratory, fluid, and is persistent in its position

and nerve-supply throughout the group NoUusca. We
propose to call it the osphradium.

Passing now to the internal organs, our scnematic

Mollusc is found to possess an allmentahy canal, which

passes from mouth to anus in the middle Une, leaving

between it and the muscular body-wall a more or less

spongy, in parts a spacious, ccelom. The, stomodxum is

large and muscular, the proctodseum short ; the bulk of

the alimentary canal is therefore developed from the met-

enteroa or remnant of the arch-enteron after the ccelom

has been pinched off from it.. A paired outgrowth of the

met-enteron forms the glandular diverticulum known as

the digestive gland or (commonly) liver (E, zff, zl).

Dorsally to the alimentary tract the ccelom is spacious.

The space (C, E, s) is termed the PERiCAHDitTM, since it is

traversed by a vessel running fore and aft in the median

line, which has contractile muscular walls and serves as a

heart to propel the coelomic blood-fluid. This pericardial

space, although, apparently derived from the original ccelom,

is not in communication with the other spaces and blood-

vessels derived from the ccelom ; it never (or perhaps in a

very few instances) contains in the adult the Molluscan blood

or haemolymph, and is always in free communication with

the exterior through the tubes called nephridia (renal

organs). The heart receives symmetrically on each side,

right and left a dOated vessel bringing aerated blood from

the ctenidia. These dilated vessels are termed the auricles

of the heart, whilst the median portion itself, at the point-

where these vessels join it, is termed the ventricle of (he

heart (C, v). The vessel passing fore and aft from the

ventricle gives oflf a few trunks which open into spaces

of the ccelom, the so-called lacuna ; these are excavated in

every direction between the viscera and the various bundles

of fibrous and muscular tissue, and may assume more or

less the character of tube-Eke vessels with definite walls.

Right and left opening into the pericardial ccelom is a

coiled tube, the farther extremity of which opens to the

exterior by the side of the anus. These two tubes (C, u)

are the symmetrically disposed nephridia (renal organs).

The GONADS (ovaries or spermaries) are placed in the

mid-dorsal region of the coelom (C, t), and have their own

apertures in the immediate neighbourhood of those of the

nephridia. The apertures are paired right and left, and so

are the ducts into which they lead ; but at present we have

no ground for determining whether tlie gonad itself was

primarily in Molluscs a paired organ or a median organ,

nor have we any well-founded conception as to the nature

of the ducts when nresent, and their original relationship

Fm. 2.—Ctenidia of various MoUusca (orif^inal). A. Of Chiton ; /.(., flbrona

tissue; a.b.v., afferent blood-vessel; e.b.y., efferent blood-vessel; ff.I., .later-

ally paired lamellfe. B. Of Sepia ; letters as in A. C. Of Fissurella ; letters

as in A. D. Of Nucula ; d, position of axis vrith blood-vessels ; a, inner

;

b and c, outer row of lamellte. E. Of Paludina ; i, intestine running parallel

with the axis of the ctenidium and ending in th6 anus a ; br, rows of elongate

processes corresponding to the tivo series of lameUse of the upper figures.

to the gonads. The genital ducts of some organisms are

modified nephridia, but the nature of those of MoUusca,

of Arthropoda, of Echinoderma, of Nematoidea., and of

some Vertebrata has yet to be elucidated.

The disposition of the nerve-centres is highly character-

istic. There are four long cords composed of both nerve-

fibres and nerve-cells which are disposed in pairs, two right

and left of the pedal area or foot, two more dorsally and

tending to a deeper position than that occupied by the

pedal cords, so as to lie freely within the coelomic space

unattached to the body-waU. These are respectively the

PEDAL NERVE-CORDS and the VISCERAL NERVE-COEDS. The
latter meet and join one another posteriorly. A right and

left (D, ff.v), and a median abdominal {(/mI) ganglion are

placed on these cords, and from them arc given off the

osphradial nerves which have special ganglia (g.olf). In the

region of the prostomium the pedal nerve-cords are enlarged

behind the mouth, forming the pedal ganglia (g-pe), and
are united by nerve-fibres to one another. From this spot

they are continued forward into the prostomium, where

they enlarge to form the right and left cerebral ganglia (g.c),

which are united to one another by nerve-fibres in front of
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the moiitli, just as the pedal ganglia are behind it. The
right ard left pedal ganglia are joined by tiansverse cords

to th6 right and left visceral cords respectively, the point

of union being marked on either side by a swelling {g.pl)

known as the pleural ganglion. The visceral nerve-cord

can also be traced up on each side beyond the pleural

ganglion to the cerebral ganglion. Thus we have a

nearly complete double nerve-ring formed around the oeso-

phagus by the two pairs of nerve-cords which are in this

region drawn, as it were, towards each other and away
from their lateral position both behind and before the

stomodseal invagination. Whilst the swollen parts of the

nerve-tracts are termed ganglia, the- connecting cords

are conveniently distinguished either as connectives or as

commissures. Commissures connect two ganglia of the

same pair We have a cerebral commissure, a pedal com-

missure and a visceral commissure. Connectives connect

ganglia of dissimilar pairs, and we speak accordingly of

the cerebro-pedal connective, the cerebro-pleural con-

nective, the pleuro-pedal connective, and the viscero-

pleural connective.

An ENTERIC NERVOUS SYSTEM forming a plexus on the

walls of the alimentary canal exists, but does not exhibit

cords and ganglia visible to the naked eye except in the

large Dibranchiate Cephalopods.

Our schematic Mollusc is provided with certain organs
OF SPECIAL SENSE. Tactile organs occur on th** head in the

fTm of short cephalic tentacles (a). D'i.ejjly placed aro

p-rt». S. "Development of the Pond-Snail, Limnteus stagnalls (after Lankester,
Itij. dc, directive corpuscles (prwseminal outcast cells) ;'cA, egg-envelope
or choi-ion ; or, oral end of the blastopore ; r, anal end of the blastopore.
A. Fcfradtion of the Diblastulft by the invagination of larger cells into the
area of smaller cells (optical section). B. View of the same specimen from
the surface of invagination ; the smaller cells are seen at the periphery ; by
division they will multiply and extend themselves over the four larger cells.

C. Fully-formed DiblastuU, surface view to show the elongated form of the
orifice of invagination or blastopore ; its middle portion closes up and coin-
cides with the region of the foot ; the extremity, or, coincides with the mouth
and stomoilaeum, the opposite extremity, r, witli the anus. D. Optical section
of an embrvo a little older than A- E. Surface view of tiie same embryo.

a pair of closed vesicles containing each a calcareous con-

cretion and acti.'ig as auditory organs ; these are known as

OCTOCYSTS (D, 1/). They are situated behind the mouth
in the foremost portion of the- foot. At the base of each

cephalic tentacle is 9, pigmented eye-spot— the cephalic
EYE (D, te). The osPHR.u>rcrM (/j), or pecniliar patch of

olfactory epithelium at the base of the ctenidium, has
already been mentioned.

To the scheme thus exhibited of the possible organization

of the ancestral MoUusc we shall now add a sketch of

the mode in which this form of body and series of internal

organs are developed from the egg.

The egg-cell of Jlollusca is either free from food material

^—d S'u.ple protoplasmic corpuscle—or charged with food

material to a greater or less extent. Those cases which
appear to be most typical—that is to say, which adhere to a

Fio. 4.—Development of the Pond-Snail, Cimnsrus stagnalis (after lankester,
15). r, directive corpuscle ; bl, blastopore ; en, endoderm or enteric cell
layer ; «, ectodei-m or deric cell-layer ; v, velum ; m, mouth

; /, foot ; t, ten-
tacles ; fp, pore in the foot (belonging to the pedal gland ?) ; mf, the mantle-
flap cr hmbus pallialis ; sh, the shell ; /, the sub-pallial space, here destined
to become the lung. A. First four cells resulting from the cleavage of the
original egg-ceU. B. Side view of th^ same. C. Diblastula stage(see flg. 3),
showing the tivo oeU-lajrers and the blastopore. D, E, F. Trochosphere
stage, D older than E or F. G. Three-quarter view of a. Diblastula, to show
the orifice of invagination of the endoderm or blastopore, bl. H, I. Veliger
stage later than D. (Compare flg. 70 and flg. 72***).

procedure which was probably common at one time to all

then existing Mollusca, and which has been departed from

A B ,—^

Fic. 5.—Early stages of divisicn cf the fertilised egg-cell in Nassa miUahUis
(from Balfour, after Eobretzky). A. The egg-ceU has divided into two
spheres, of which the lower contains more food-mflterial, whilst the upper is

again incompletely divided into two smaller spheres. Resting on the divid-
ing upper sphere are the eight-shaped "directive corpuscles," better called
" prseseminal outcast cells or apoblast^," since they are the result of a cell-

division which affects the egg-cell before it is impregnated, and are mere
refuse, destined to disappear. B. One of the two smaller splieres is reunited
to the lai^er sphere. C. The single small sphere has divided iniu two, and
the reunited mass has divided into t^vo. of which one is oblong and practi-

cally double, as in B. D. Each of the four segment-cells gives rise by d'W-
sion to a small pellucid cell. E. The cap of small cells has increased in
number by repeated formation of pellucid cells in the same way, and by
division of those fii-st formed. The cap will spread over and enclose the four
fiegment-cells, as in fig. 3, A, B,

only in later and ^p^^ial lines of descent—show approx*-
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mately the following history. By division of the egg-cell

(fig. 3, A, B ; fig. 4, A, B ; and fig. 5) a mulberry-mass of

embryonic-cells is formed (Morula), which dilates, forming
a one-cell-layered sac (Blastula), By invagination one

Fig. 0.—Development of the Oyster, Ostrea edvlis (mcNiitied from Horst, 16).

A. Blastula stage (one-cell-layered sac), with commencing invagination of
the Tvall of the sac at bl, the blastopore. B. Optical section of a somewhat
later stage, in which a second invagination has commenced—namely, that
of the shell-inland sfc; W, blastopore ; en, invaginated endoderm (wall of the
future arch-enteron); ec, ectoderm. C. Similar optical section at a little

later stage. The invagination connected with the blastopore is now more
contracted, d ; and cells, roe, forming the raesoblast ftom which the ccelom
and muscular and skeleto-trophic tissues develop, are separated. D. Similar
section of a later stage. The blastopore, 6?, has closed ; the anus will sub-
sequently perforate the corresponding area. A new aperture, t/i, the mouth,
has eaten its way into the invaginated endodermal sac, and the cells pushed
in with it constitute the storaodaeum. The shell-gland, sJc, is flattened out.
and a delicate shell, s, appeari. on its surface. The ciliated velar ring is cut
in the section, as shown by the two projecting cilia on the upper part of the
figure. The embryo is now a Trochospbere. E. Surface view of an embryo
at a period almost identical with that of D. F. Later embryo seen as a
transparent object, m, mouth ; /(, foot ; a, anus ; e, intestine ; st, stomach ;

tp, velar area of the prostomium. The extent of the shell and commencing
upgrowth of the mantle-skirt is indicated by a line forming a .curve from a
toF.
N.B.~In this development, as In that of Pisidiom (flgs. 150, 151), no part of

the blastopore persists either as mouth or as anus, but tho aperture closes,

—

the pedicle of invagination, or narrow neck of the invaginated arch-enteron,
becoming the intestine. The mouth and the anna are formed as independent
In-pushings, the mouth with stomodieum first, and the short anal proctodeum
much later. This interpretation of the appearances is contrary to that of

Horst (16), from whom our drawings of the oyster's development are taken.
The account given by the American naturalist Brooks (19) differs greatly as
to matter of fact from that of Horst, and appears to be erroneous in some
respects.

j> Drtion of this- sphere becomes tucked into the other—as

la the preparation of a woven night-cap for the head (fig.

6, B ; fig. 7, A). The orifice of invagination (blastopore)

narrows, and we now have a two-cell-layered sac,—the

Diblastula. The invaginaj^ed layer is the enteric cell-layer

Ci' endoderm ; the outer cell-layer is the deric cell-layer or

ectoderm. The cavity communicating with the blastopore

and lined by the endoderm is the arch-enteron. The blas-

topore, together with tho whole embryo, now elongates.

The blastopore then closes along the middle portion of its

e*;tpnt, which corresponds with the later developed foot.

At the same time the stomodseum or oral invagination

forms around the anterior remnant of tho blastopore, and

the proctodeum or anal invagination forms around the

posterior remnant of the blastopore There are, however.

variations in regard to the relation of the blastopore to tho
mouth and to the anus which are probably modifications of

the original process described above. An examination of

figs. 3, 4, 5, 6, 7, and of others illustrative of the embr}^o-

logy of particular forms which occur later in this article,

is now recommended to the reader. The explanation of

the figures has been made very Jul! s'o as to avoid the

Fio. 7.—Development of the River-Snail, Patudina vhHpara (after t.ankester,

17> dc, directive corpuscle (outcast cell) ; ae, arch-enteron or cavity lined
by the enteric cell-layer or endoderm ; bl, blastopore ; vr, velum or circlet
of ciliated cells ; rfy, velar area or cephalic dome ; sm, site of the as yet tm>
formed mouth ; f, foot ; rnes, rudiments of the skeleto-trophic tissues

; pi,

the pedicle of invagination, the future rectum ; shal, the primitive shell-sao
or sheU-gland ; m, mouth ; an, anus. A. Diblastula phase (optical section).
B. The Diblastula has become a IVochosphere by the development of tho
ciliated ring vr (optical section). C. Side view of the Trochosphere with
commencing formation of the foot. D. Further advanced Trochospbere
(optical section). E. The Trochosphere passing to the Veliger stage, dorstU
view showing the formation of the primitive shell-sac. F. bide view of tlie

same, showing foot, shell-sac (shgl), velum (lt), mouth, and anus.
N.iB.—In this development the blastopore is not elongated ; it persists as

the anus. The mouth and stomodaeum form independently of the blastopore.

necessity of special descriptions in the text. Internally, by
the nipping off of a pair of lateral outgrowths (forming
part of the indefinable *' mesoblast ") from the enteric cell-

layer the foundations of the coelomic cavity are laid. In
some Coelomata these outgrowths are hoUow and of large

size. In Mollusca they are* not hollow and large, which is

probably the archaic condition, but they consist at first of

a few cells only, adherent to one another ; these cells then

diverge, applying themselves to the body-wall c^d to the

gut-wall so as to form the lining layer of the ccelomic

cavity. Muscular tissue develops from deep-lying cells,, and
the rudiments of the paired nerve-tracts from thickenings

of the deric-cell layer or ectoderm.

The external form meanwhile passes through highly char-

acteristic changes, which are on the whole fairly constant

throughout tho Mollusca. k circlet of cilia forms when the

embryo is still nearly spherical (fig. 4^ F ; fig. 6, E ; fig. 7,
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B), in an equatorial position. As growth proceeds, one

hemisphere remains relatively small, the other elongates and

enlarges. Both mouth and anus are placed in the larger

area ; the smaller area is the prostomium simply ; the cili-

ated band is therefore in front of the mouth. The larval

form thus produced is known as the Trochosphere. It

exactly agrees with the larval form of many Chaetopod

worms and other Coelomata. Most remarkable is its

agreement with the adult form of the Wheel animalcules

or Rotifera, which retain the pree-oral ciliated band as their

chief organ of locomotion and prehension throughout life.

So far the young Mollusc has not reached a definitely

Molluscan stage of development, being only in a condition

common to it and other Ccelomata. It now passes to the

veliger phase, a definitely Molluscan form, in which the

disproportion between the area in front of the ciliated

circlet and that behind it is very greatly increased, so

that the. former is now simply an emarginated region of

the head fringed with cilia (fig. 8 ; fig. 6, F ; fig. 7, F

;

and fig. 60, A). It is termed the "velum," and is fre-

quently drawn out into lobes ^nd processes. As in the

Rotifera, it serves the veliger larva as an organ of loco-

Fio. 8.—"Veliger" embryonic form of Mollusca (from Gegenbanr). v, velnm;
c, visceral dome with dependent mantle-skirt ; p, foot ; (, cephalic tentacles ;

pp, operculum. A. Earlier, anfl B, later, Veliger of a Gastropod. C. Veli-

ger of a Pteropod showing lobe-like processes of the velum and the great

paired outgrowths of the foot

motion. In a very few MoUuscs, but notably in the Com-
mon Pond-Snail, the emarginated bilobed velum is re-

tained in full proportions in adult life (fig. 70), having

lost its marginal fringe of specially long cilia and its

locomotor function. The body of the Veliger is char-

acterized by the development of the visceral hump on

one surface, and by that of the foot on the other. Growth
is greater in the vertical dorso-ventral axis than in the

longitudinal oro-anal axis ; consequently the foot is rela-

tively small and projects as a blunt process between mouth
and anus, which are not widely distant from one another,

whilst the antipedal area projects in the form of a great

hump or dome. In the centre of this antipedal area there

has appeared (often at a very early period) a gland-like

depression or follicle of the integument (fig. 6, C, sk ; fig. 7,

E, F, skgl ; fig. 60, B ; fig. 68, shs ; fig. 72*** ss). This is

the primitive shell-sac discovered by Lankester (18) in 1871,

and shown by him to precede the development of the perma-

nent shell in a variety of Molluscan types. The cavity of

this small sac becomes filled by a homy substance, and then

it very usually disappears, whilst a delicate shell, commenc-

ing from this spot as a centre, lorma and spreads upon the

surface of the visceral dome.

The embryonic shell-sac or shell-gland represents in a

transient form, in the individual development of most

Mollusca, that condition of the shell-forming area which

we have sketched above in the schematic Mollusc. In

very few instances (in Chiton, and probably in Limax), as

we shall see below, the primitive shell-sac is retained and

enlarged as the permanent shell-forming area. It is sup-

planted in other Molluscs by a secondary shell-forming

area, namely, that afforded by the free surface of the

visceral hump, the shell-forming activity of which extends

even to the surface.of the depending mantle-skirt. Accord-

ingly, in most Mollusca the primitive shell is represented

only by the horny plug of the primitive shell-sac. The

permanent shell is a new formation on a new area, and

should be distinguished as a secondary shell.

The ctenidia, it wiU be observed, have not yet been

mentioned, and they are indeed the last of the charac-

teristic Molluscan organs to make their appearance. Their

possible relation to the prae-oral and post-oral ciliated bands

of embryos similar to the Trochosphere will be discussed

in the final section of this article dealing -svith the Polyzoa

and Brachiopoda. The Veliger, as soon as its shell begins

to assume definite shape, is no longer of a form common
to various classes of MoUusca, but acquires characters

peculiar to its class. At this point, therefore, we shall

for the present leave it.

Systematic Review of the Classes akd Oedees of

Mollusca.

We are now in a position to pass systematically in

review the various groups of Mollusca, showing in what

way they conform to the organization of our schematic

Mollusc, and in what special ways they have modified or

even suppressed parts present in it, or phases in the repre-

sentative embryonic history which has just been sketched.

It will be found that the foot, the shell, the mantle-skirt,

and the ctenidia, undergo the most remarkable changes of

form and proportionate development in the various classes

—changes which are correlated with extreme changes and

elaboration in the respective functions of those parts.

Division, of the Phylum into two Branches.—The Mollusca

are sharply divided into two great lines of descent or

branches, according as the prostomial region is atrophied

on the one hand, or largely developed on the other.

The probabilities are in favour of any ancestral form

—

the hypothetical archi-MoUusc which connected the Mol-

lusca with their non-MoUuscan forefathers—having pos-

sessed, as do aO the more primitive forms of Coelomata, a

well-marked prostomium, and consequently a head. The
one series of MoUusca descended from the primitive head-

bearing MoUuscs have acquired an organization in which

the MoUuscan characteristics have become modified in

definite relation to a sessUe inactive life. As the most

prominent result of the adaptation to such sessile life they

exhibit an atrophy of the cephaUc region. They form the

branch lipocephala— the mussels, oysters, cockles, and
clams. The other series have retained an active, in many
cases a highly aggressive, mode of life ; they have, corre-

spondingly, not only retained a well-developed head, but

have developed a special aggressive organ in connexion

with the mouth, which, on account of its remarkable nature

and the peculiarities of the details of its mechanism, serves

to indicate a very close genetic connexion between aU such

animals as possess it. This remarkable organ is the odon-

tophore, consisting of a lingual ribbon, rasp, or radula,

with its cushion and muscles. On account of the pos-

session of this organ this great branch of the Molluscan

phylum may be best designated glossophora. Any term
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which merely points to the possession of a head is objec-

ten«ble, since this is common to them and the hypotheti-

cal archi-Mollusca fi;om which they descend. The term
Odontophora, which has been applied to them, is also un-

suitable, since the organ which characterizes them is not a
'ooth, but a tongue.

i \ r ?

Fio. 9.—Odontophore of Gloesophorous Mollusca.
A. Diagram showing mouth, oesophagus, and lingual apparatus of a Gastro-

pod in section, aw, upper lip ; a(, lower lip . b, calcareo-corneous jaw of
left side ; c, outer surface of the snout , d, resophagus ; e, fold in the
wall of the oesophagus behind tlie radular sac in)

; /, anterior termina-
tion of the radula and its bed, the point at which it wears away

;
gr,

base of the radular sac or recess of the pharj-nx ; ft, cartilaginous piece
developed in the floor of the pharj-nx beneath the radula, and serving
for the attachment of numerous muscles, and for the support of the
ndula : i, anterior muscles ; fc, posterior muscles attached to the carti-

lage ; I, muscle acting as a retr.actor of the buccal mass ; m, muscle
attached to the lower lip ; n, posterior extremity of the radular sac

;

o, the bed of the radula or layer of cells by which its lower surface is

formed ; p, the horny radula or lingual ribbon
; g, opening of the radular

sac into the pharynx or buccal cavity ; r, cells at the extreme end of
the inner surface of the radular sac which produce as a "cuticular
secretion " the rows of teeth of the upper surface of the radula.

B. Eadula or lingual ribbon of Valudiiia, vivipara, stripped irom its bed,—

a

homy, cuticular product.

C- A single row of teeth from the radula of Trochus cinerarius. Rhipido-
glossate , formula, x.5 1.5.x.

D. A single row of teeth from the radula of FauUima/yagiHs, Ptenoglossate

;

formula, x.O.x.

E. A single row of teeth from the radula of Chiton cinerevs. Too elaborate
for formulation.

F Asinglerowofteeth from theradulaof ^'^^^^^ vidgata. Formula, 3.1.4.1.3.

G. A single row of teeth from the radula of Cypreea hftvola. Taenioglossato
formula, 3.1.3.

H. A single row of teeth from the radula of Nassa avnulata. Bachiglossate
;

formula, 1.1.1. The Common Whelk is similar to this.

The general structure of the odontophore ( = tooth-

bearer, in allusion to the rasp-liko ribbon) of the glosso-

phorous Mollusca may be conveniently described at once.

Essentially it is a tube-like outgrowth—the radular sac (fig.

9, A, cf, 7i)—in the median line of the ventral floor of the

stomodiBum, upon the inner surface of which is formed a
"ihilinous band (the radula) besot with minute teeth like a

rasp (/)). Anteriorly the ventral wall of the diverticulum

is converted into cartilage (A), to which protractor and re-

tractor muscles are attached (k, i), so that by the action of

the former the cartilage, with the anterior end of the ribbon

resting firmly upon it, may be brought forward into the

space between the lips of the oral aperture (au, al), and

made to exert there a backward and forward rasping action

by the alternate contraction of retractor and protractor

muscles attached to the cartilage. But in many Glosso-

phora {e.g., the Whelk) the apparatus is complicated by the

fact that the diverticulum itself, with its contained radula,

rests but loosely on the cartilage, and has special muscles

attached to each end of it, arising from the body wall

;

these muscles pull the whole diverticulum or radular sac

alternately backwards and forwards ovei the surface of .the

cartilage. This action, which is quite distinct from the

movement of the cartilage itself, may be witnessed in a
Whelk if the pharynx be opened whilst it is alive. It has

also been seen m living transparent Gastropods. The chi-

tinous ribbon is continuously gro%ving forward' from the

tube-like diverticulum as a finger-nail does on its bed, and
thus the wearing away of the part which rests on the car-

tilage and is brought into active use, is made up for by
the advance of the ribbon in the same way as the wearing
down of the finger-nail is counterbalanced by its own for-

ward growth. And, just as the new substance of the

finger-nail is formed in the concealed part, sunk posteriorly

below a fold of skin, and yet is continually carried forward
with the forward movement of the bed on which it rests,

and which forms its undermost layers, so is the new sub-

stance of the radula formed in the compressed extremity

of the radular sac (ra), and carried forward by the forward
movement of the bed (o) on which it rests, and by which
is formed jts undermost layer. This forward-moving bed
is not merely the ventral wall of the radular diverticulum,

but includes also that portion of the floor of the oral cavity

to which the radula adheres (as far forward as the point /
in fig. 9, A). At the spot where the radula ceases, the for-

ward growth-movement of the floor also ceases, just as in

the case of the finger-nail the similar growth-movement
ceases at the line where the nail becomes free.

The radula or cuticular product of the slowly-moving
bed can be stripped ofi', and is then found to consist of a
ribbon-like area, upon which are set numerous tooth-like

processes of various form in transverse rows, which follow
one another closely, and exactly resemble one another in the
form of their teeth (fig. 9, B). The tooth-like processes in a
single transverse row are of very different shape and num-
ber in difierent members of the Glossophora, and it is pos-
sible to use a formula for their description. Thus, when
in each row there is a single median tooth with three teeth
on each side of it more or less closely resembling one
another, as in fig. 9, G, we write the formula 3.1.3. When
there are additional lateral pieces of a diflferent shape to
those immediately adjoining the central tooth, we indi-

cate them by the figure 0, repeated to represent their
number, thus 0000 1.1.1.0000 is the formula for the
lingual teeth of Chiton Stdleri. A single median tooth,

an admedian series, and a lateral series may be thus dis-

tinguished. In some Glossophora only median teeth are

present, or large median teeth vAxh a single small n'l-

median tooth on each side of it (fig. 9, H) ; those are
termed Rachiglossa (formula,—.1.— or 1.1.1). In a larpp

number of Glossophora we have three admedian on ea'-h

side and one medidn, no lateral ineces (fig. 9, G'' ; these
are termed Taanioglossa (formula, 3. 1.3;. Those with nunic
rous lateral pieces, four to six or more admedian jjieces,

and a median piece or tooth (fig. 9, C) are termed l{hii)i

doglossa (formula, x.6. 1.6.x, where x stands Tor an inde-

finite number of Liter.!! -.lir-ccs). T'le Toxo£io=-,x bavo
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l.O.I, th? central tooth being absent and the lateral teeth

peculiarly long and connected with muscles. The term

Ptenoglossa (fig. 9, D) is applied to those Glossophora

in which the radula presents no median tooth, but an

indefinite and large number of admedian teeth, givuig

the formula x.O.x. When the admedian teeth are inde-

finite (forty to fifty), and a median tooth is present, the

term Myriaglossa is applied (formula, x.l.z). It must be

understood that the pieces or t6eth thus formulated may
themselves vary much in form, being either flat plates, or

denticulated, hooked, or spine-like bodies. We shall revert

to the terms thus explained in the systepoatic descriptions

of the groups of Glossophora,

The muscular development in connexion -with the whole

buccal mass, and with each part of the radular apparatus,

is exceedingly complicated,— as many as twenty distinct

muscles having been enumerated in connexion with this

organ. In addition to the radula, and correlated with its

development, we find almost universally present m the

Glossophora a pair of horny jaws (usually calcified) de-

veloped as cuticular productions upon the epidermis of the

lips (fig. 9, A, b). The radula and the shelly jaws of the

Glossophora enable their possessors not only to voraciously

attack vegetable food, but the radula is used in some m
stances for boring the shells of other MoUusca, and the

jaws for crushing the shells of Crustacea, and for wound-
ing even Vertebrata.

Phylum MOLLUSCA.

Branch k.—GLOSSOPHORA.
Characters.—MoUusca with head-region more or less

prominently developed ; always provided with a peculiar

rasping-tongue—the odontophore—rismg from the floor of

the buccal cavity.

The Glossophora comprise three classes, chiefly distin-

guished from one another by the modifications of the foot.

Class I.—GASTROPODA.
Characters.—Glossophora in which (with special excep-

tion of swimming forms) the foot is simple, median in

position, and flattened so as to form a broad sole-like sur-

face, by the contractions of which the anim al crawls, often

divided into three successive regions—the pro-, meso-, ajid

meta-podium—by lateral constrictions.

The Gastropoda exhibit two divergent lines of descent

indicated by the term sub-class (see p. 649).

Sub-class 1.—GASTROPODA ISOPLEUEA,
Characters.—Gastropoda in which not only the head

ajd foot but also the visceral dome with its contents and
the mantle retain the primitive BiLATERAi symmetey of

the archi-MoUusc. The anus retains its position in the
median Une at the posterior end of the body. The whole
visceral mass together with the foot is elongated, s" that

the axis joining mouth and fl""') is rc!ali\?ely long, wtulst
the dorso-'^Mal axic <«i; right angles to it is short. The
WENIDIA, the NEPHEIDIA, GENITAL DUCTS, and CIEOULA-
*«EY OEQANS are paired and bilaterally symmetrical. The
pbual and visceral neeve-cords are straight, parallel with
one another, and aU extend the whole length of the body

;^ ganghonie enlargements are feebly or not at all deve-
loj^o. The Isopleura comprise three orders.

Order 1.—Polyplacopliora (the Chitons).

Characters.—Gastropoda Isoploura with a metameric re-

petition cf the shell to the number of eight. The shells of

the primitive type are partially or wholly concealed in shell-

sacs comparable to the single embryonic shell-sac of other
Molluaca. On the surface of the mantle-Cap rume'oua

calcified spines and knobs are frequently developed. The
ctenidia are of the typical form, small in size and meta-
toerically repeated along the sides of the body to the

•£'

B C "^- ' •« A
Fio. 10.—Three views cf Chiton. A. Dorsal view of Chiton Wosneasmksli,
Midtl , showing the eight shells After Middendort.) E. View from the
pediil sarface of a species ol Chitcn from the Indian Ocean, p, foot ; o,

mouth (at the other end of the foot is seen the anns raised on a papilla) ; Jtr,

oral fringe , &r, the numerous ctemdia (branchial plumes) ; spreading beyond
these, and all round the animal, is the mantle-skirt. (After Cuvier.) C. The
same species of diiton, with the shells removed and the dorsal integument
reflected, ft, buccal mass , m, retractor muscles of the buccal mass ; ov
ovary; od, oviduct; i, coils of intestines, ao, aorta, </, lea auricle; c,

ventricle.

number of sixteen or more ; an osphradium or area of

" olfactory epithelium '' (Sp-ngel) ia found at the base of

each ctenidium. The other organs are not Bubject tc

metameric repetition. The odontophore is highly devel-

oped; the teeth of the lingual ribbon are vaned in form,-^
several in each transverse row (fig. 9, E). Paired genital

ducts distinct from the paired nephridia are present.

The order Polyplacophora contains but one family, the
Chitonidse, with the genera. Chiton, Lin. (figs. 10, 15, &c.);

Cryptochiton, Midd., 1847, and Cryptoplax { = Chitondlus),

Blainv., 1818.

Order 2.—NeomenisB.

Characters.—Gastropoda Isopleura devoid of a shell,

which is replaced by innumerable microscopic calcified

plates or spicules set in the dorsal epidermis ; mantle-flap

not lateral, but reduced to a smaU coUar surrounding the

A BCD
FiO. 11.—Neovicnia carinata, Tullberg (after Tullbcrg). A. Lateral view. B.
Ventral view. C. Dorsal view. D. Ventral view of a more extended speci-
mem a, anterior ; 6, posterior extremity ; c, furrow, ia which the narrow
foot is concealed.

anus ; ctenidia represented by a symmetrical group of bran
chial filaments on either side of the anus; foot very narrow,

sunk in a groove; odontophore feebly developed, but the

radula many-toothed • gonads placed in the pericardium

aischarging.oy tne nepnndia ; no special generative ducts.

The order Neomenise contains the two genera Neomema,
Tullberg {Solenopus, Sars) (fig. 11;; and Froneomenia,
Hubrecht.

Order 3.—Chaetodefma.

Characters.— Gastropoda Isopleura devoid of a shell,

which is replaced by numerous minute calcareous spines

Pia Xi.—Chasi'^dcTTita nUidulum, Loveo (after Graff). The cephalic enlarga-
ffient is to tlie left, tlie anui chambei' (reduced pallJal chamber, containing
the c.ncealed pair of ctemdia) to tlio light

Standing up like hairs on the surface of the body; body
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much elongated so as to be vermiform ; mantle-flap as in

Neomeniae ; ctenidia in the form of a pair of branchial

plumes, one on each side of the anus ; foot aborted, its

position being indicated by a longitudinal furrow ; odonto-

phoro greatly reduced, the radula only represented by a

single tooth
;
gonads and nephridia as in Neomenia.

The order Chaetoderma contains the single genus Chx-
toderma (fig. 12).

Further remarks on the Isopleurmis Gastropods.—The
nnion of the Chitons with the remarkable worm-like forms

Neomenia and Ch»toderma was rendered necessary by
Hubrecht's discovery (25) in 1881 of a definitely consti-

tuted radula and odontophore in his new genus Proneo-

menia, founded on two specimens brought from the arctic

regions by the Barents Dutch expedition.

By some writers

—

e.g., Keferstein—the Chitons have been

too intimately associated with the other Gastropoda, whilst,

on the other hand, Gegenbaur seems to have gone a great

deal too far in separating them altogether from the other

Mollusca as a primary subdivision of that phylum, inas-

o much as they are inti-

mately bound to the

other Glossophora by
the possession of a

thoroughly typical

and well - developed

odontophore. They
undoubtedly stand

.J nearer to the archi-

Mollusca than any
other Glossophora in

having retained a com-

plete bilateral sjrm-

metry and the primi-

tive shell-sac, though
the metameric repe-

tition of this organ

and of the ctenidia is

a complication of, and
departure from, the

primitive character.

It is not improbable

that in the calcareous

spines and plates of

the dorsal integument

of Neomenia and Chae-

toderma, which occur

Fio. 13.—Diagrams of the alimentary canal of also On the part of
laopleura (from Hubrecht). o, mouth ; a, the dorSUm uncovered

d, alimentary canal; ?, liver (digestive , in* ^-TL-i
A. Neomenia and Proneomenia. B. by Shell in Cniton, we

have the retention of

a condition preceding the development of the solid Mol-

luscan shell, or a reversion to it. The minute calcareous

bodies may have the same relation to a compact shell which
the shagreen denticles of the sharks have to 3 continuous

dermal bone.

The anatomy of the Gastropoda Isopleura has been largely

elucidated within the past year by the researches of

Hubrecht and of Sedgwick, who have been the first to

apply the method of sections to the study of this group.

The leading points in the modifications of mantle-flap,

foot, and ctenidia are set forth in the preceding summaries,

and in the accompanying references to the figures. With
regard to other organs, we have to note the form of

the alimentary canal (fig. 13), which is simplest in

Chaitodcrma, symmetrically sacculated in Neomenia, and
wound upon itself, forming a few coils, in Chiton. The
latter has a compact liver with arborescent duct, which ic

represented by the saccuH in Neomenia and by a single

gland).

Cheetodcrma.

caecum in Chaetoderma. Salivary glands are present in

Chiton and in Proneomenia. The radula is highly devel-

oped in Chiton, and, though present in Proneomenia, has

not been described in Neomenia. A single tooth in Chae-

toderma appears to represent the radula in a reduced state.

The circulatory organs of Chiton alone are known with

any degree of detail (fig. 10, C). There is a median dorsal

blood-vessel—the agrta— which is enlarged to form a
ventricle in the posterior region of the body. On either

side the ventricle is connected to a well-developed auricle,

which pours into it the aerated blood from the gills

(ctenidia). The extent to which vascular trunks are

developed has not been determined, but vessels to and
from the ctenidia, and in the mid-Une of the foot, are

known. As in other MoUusca, the vessels do not extend

far, but lead into lacunae between the organs and tissues.

Dorsal and ventral vessels have been detected in Neomenia
and Chaetoderma, but no specialized heart.

A B

Fio. 14,—Diagrams of the excretory and reproauctive organs of Isoplenra (after
Hubrecht). 0, ovary ; P, pericardium ; N^ nephridium ; u, external aperture
of nephridium

; ^, external aperture of the genital duct of CHiiton ; r, rectum
;

CI, cloacal or pallial chamber of Neomenia and Chaetoderma ; Br, ctenidia
(branchial pltuues). A. Chaetoderma. B. Neomenia. G. Proneomenia. D.
Chiton.

The heart of Chiton lies in a space which is to be
regarded as a specialized part of the ccelom, and, as in

other Molluscs, is termed the pericardium. In front of

this space in Chiton lies the ovary (fig. 14, D). In the

other Isopleura the genital bodies (gonads) lie in the peri-

cardium, which has a longer form and extends dorsal ly

above the intestine. Opening into the pericardium equally

in all the Isopleura (fig. 14) is a pair of bent tubes which
lead to the exterior. These are the nephridia, which in

Chiton are essentially renal in function. Their disposition

has-been determined by Sedgwick (26), who has shown that

each nephridium is much bent on itself, so that, as in the
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nepliridm of Conchifera (organ of Bojanus), the internal

aperture lies near the external. From the folded stem of

the nephridium very numerous secreting caeca are given ofiF,

—omitted in the dia-

gram (fig. 14, D), but
accurately drawn in

fig. 15. The sexes in

Chiton are distinct,

and the ovary or testis,

as the case may be,

though lying in and
filling a chamber of

the original coelom,

does not discharge into

the pericardium, but

has its own ducts,

which pass to the ex-

terior just in front of

those of the nephridia

(fig. 14, D, g, and fig.

16). In- this respect

Chiton is less primi-

tive than the other Iso-

pleura, and even than

some other Gastropods

(the Zygobranchia),

end some Conchifera

(Spondylus, &c.), which
have no special genital

apertures, but make use

of .the nephridia for

this purpose. InChiton F'"- is.—Dissection of the renal oigans (neph-
, . * *^ . 1 • » ridia) of Chiton siculus, after Haller {Arbeiten,
aiscrepans, in Wnicn Zool. /»is(if., Vienna, 18S2). f, foot ; i, edge of

there are sixteen pairs S* "^""^'^ ""^ removed in the front part of

... , f« the specunen [ S.O., OBSophagos : a/, anna
; ffg,

of ctemdia, the orifices genital duct ; go, external opening of tbe same

;

^f 4Ti/i nAnVi.<iy^if. nw* *5> stem of the nephridium leading to no, its
01 xne nepnriQia are eitemal aperture ; nk, reflected portion of the

coincident with the six- nephridial stem ; ng, fine cieca of the nephri-

, , . f . •!• dium, which ar« seen ramifying transversely
teentn pair OI CteniOia, ever the whole inner snifece of the pedal mns-

those of the genital <:'^«>^3.

ducts with a point between the thirteenth and fourteenth

ctenidia.

In the Neomenise and Chaetoderma the nephridia are

short and wide (iV in fig. 14, A,

B, C), and function as excretory

ducts for the genital products, the

gonads being lodged in the long

pericardium. Their separate or

united apertures open near the anus

into the small chamber formed by
the restriction of the mantle-skirt

to the immediate neighbourhood of

the anus.

The nervous system of the Gas-

tropoda Isopleura is represented in

the diagram fig. 17. In all it is

important to observe that nerve-

ganglion cells are by no means
limited to special sweUings—^the
ganglia—but are abundant along

the whole course of the four great

longitudinal trunks. This is a pri-

mitive character comparable to that

Fro. 16.— ovlry and oviducts presented by the nerve-cords of Ne-

t%'^^,T"^.&%S^;^'^rtme worms, and of the Arthro-
and post«rior suspensor of pod PeripatUS. Higher diffprpn-

la^eS"^ o^'o'JS^t);^™itiation in other MoDusca leads to
oviduct predominance if not an exclusive

presence of nerve-^ires in the cords, and of neTve-ganfflion

cells in the specialized gangUa. The numerous transverse

connexions of the pedal nerve^ords in Chiton and Neo-

;

—

a

menia (seen also in Fissurella (fig. 36) and some other
Gastropods) are comparable to the transverse connexions
of the ventral nerve- . , _
cords of Chaetopod
worms and Arthro-

pods. In the abund-
ance of the nervous
network connected
with its longitudinal

nerve-tracts. Chiton
appears to retain some-
thing of the early con-

dition of the Ccelo-

mate nervous system
when it had the form
of a sub-epidermic net-

work or nerve-tunic

(seen more clearly in

Planarians and some
Nemertines), andwhen
the concentration into

definitely compacted
cords had not set in.

Ganglia are, how-
ever, distinguishable

upon the nervous cords

of Chiton (fig. 18). The
cerebral ganglia are

not distinguishable as

such, but a pair of

buccal ganglia (B in

fig. 18) are developed

on two connectives

which pass foi:ward

from the cerebral re-

gion to the great mus
cular mass of the

mouth. These buccal

ganglia are special de-

velopments connected

with the special mus-^'P- ^'^•—^fS... r fi, ,. J Isoplenia (aft

CUlanty of the Ups and bral ganglia
;

odontophore, and are

found in aU Glosso-

of the nervous system of
ir Hubrecht, loc. cit). c, cere-

.8, sublingual ganglia ; v, pedal
(venlral) nerve-cord ; I, visceral (lateral) nerve-
cord ; pc, post-anal junction of the visceral

nerve-c*ixia. A. Proneomenia. B. Neomenia.
„-. I . . ,1 C. Chsetodenna. D. Chiton.
pnora, but not in the

Lipocephala. Such special ganglia related to special

organs (and not introduced in our schematic MoUusc, fig.

1) we find in connexion with

the siphons of the Lipoce-

phala, and in various posi-

tions upon the visceral nerve-

cords of other MoUusca, both

Glossophora and Lipocephala.

A pair of pedal ganglia but

little developed (p in fig. 18),

and a special group of sub-

lingual gangba are present in

Chiton. On the whole, the

nervous system of the Iso-

pleura is exceedingly simple

and archaic^ whilst it does not

well serve as a tjrpe with

Fio. 18.-Ante.ior part'of the nervons wllich tO compare that of
system ot Chiton cinerms, in more de- other MolluSCa On aCCOUnt of

amount of concen-

„ - . , i,ia.,iv,ii v,x its nerve-ganelion
cerebral nervc-nmss ; F, pedal gan- ,, . ,- i.
glion and commencement of pedal cells mtO gangUa, SUCh aS We

^7^sSSS,k^' Sn^'a?eTorut:find weU developed in other
tered-

The development of

forms.

Neomenia and Chaetoderma from
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the egg is entirely unkno-vra, that of Chiton only par-

tially. Impregnation is effected when the eggs have been
discharged and are lying beneath the mantle-skirt. A
trochosphere larva is developed from the Diblastula of

Chiton (Loven).

The Chitons are found in the littoral zone in all parts of

the world, and are exclusively marine. Neomenia, Proneo-
menia, and Chsetoderma have hitherto been dredged from
considerable depths (100 fathoms and upwards) in the

North Sea, Proneomenia also in the Mediterranean (Marion).

Sub-class 2.—GASTROPODA ANISOPLEURA.

Characters.—Gastropoda in which, whUst the head and
foot retain the bilateral symmetry i i: the archi-MoUusca,

the visceral dome, including the mantle-flap dependent from
it, and the region on which are placed the ctenidia, anus,

generative and nephridial apertures, have been subjected

to a KOTATION tending to bring the anus from its posterior

median position, by a movement along the right side,

forwards to a position above the right side of the animal's

neck, or even to the middle line above the neck. This

torsion is connected mechanically with the excessive vertical

g- owth of the visceral hump and the development upon
its sui'face of a heavy shell. The shell is not a plate en-

closed in a shell-sac, but the primitive shell-sac appears

and disappears in the course of embryonic development, and
a relatively large nautiloid shell (with rare exceptions)

develops over the whole siurface of the visceral hump and
mantle-skirt. Whilst such a shell might retain its median
position in a swimming animal, 'it and the visceral hump
necessarily faU to one side in a creeping animal which
carries them uppermost.

The thell and visceral hump in the Anisopleura incline

Fig. 19.—Diagram to show the effect of torsion or rotation of the visceral
hump in Gastropoda, when the visceral nerve commissure passes above the
intestine ; A, unrotated ancestral condition ; li, quarter-rotation ; C, com-
plete semi-rotation (the limit) ; L, left, B, right side of the animal ; an,
anus ; In, rn, primarily left nephndium and primarily right ncphridium
Ig, primarily left (subsequently the sub-intestinal) visceral ganglion ; rg,
primarily right (subsequently the sub-intestinal) visceral ganglion. The
dotted circle indicates the basal area o' the visceral hum" which undergoes
rotation.

normally to the right aide of the animal. As mechanical
lesults, there arise a one-sided pressure and a one-sided
-train, together with a one-sided development of the
muscular masses which are related to the shell and foot.

Iluth the TORSION THROUGH A SEMICIRCLE of the base of the
visceral dome and the continued leiotropic spiral growth
of the visceral dome itself, which is very usual in the
Anisopleura, appear to be traceable to these mechanical
conditions. Atrophy of the representatives on one side
of the body of paired organs is very usual. Those placed
iirimitively on the left sid% of the rectum, which in virtue
'f tlie torsion becomes the right side, are the set which suffer

; ';ce fig. 1 9). Some Anisopleura, after having thus acquired
X strongly-marked inequilateral character in regard to such
'•igans as the ctenidia, nephridia, genital ducts, heart, and
tectum, appear by further change of conditions of growth to

have acquired r, superficial bilateral symmetry, the second-

Pl

ary nature of which is revealed by anatomical examination

(Opisthobranchia, Natantia).

In all groups of Anisopieiu-a examples are numproua in

which the shell is greatly developed, forming a " house

"

into which the whole animal can be wth-
_ro drawn, the entrance being often closed

by a second shelly piece carried npon
the foot (the operculum). The ye er of

rapidly extending and of again c- ract-

ing large regions of the body >> an
enormous degree is

usual, as in the Li-

pocephalous Mol-
lusca. In spite of

the theories which
have been held on
this matter, it ap-

pears hi';hly prob-

able that no fluid

from >vithout is in-

troduced into the

blood, nor is any ex-

pelled during these

changes of form.

A large mucous
gland vrith a med-
inn nnrp it! iisiipllir ^"'- 21.—Nervous system
lan pore is usually „, Paludina as a typr c(

developed on the

ventral surface of

the foot, compar-

able to the similar
Fio.20.—Nervoussystem ™Iq,-,fI onrl nnrp in
ofApIysia.asatj-peofg'^.^"" ^°", pore in

the long-looped Euthy. Lipocephala, and m
neurouscondition. The „..^. /.dcoo / fi V\r
untwisted >iscerai loop some cases \e,g,^ ry-
is lightly shaded, ce ruJa fig. 37 B) this
cerebral ganglion ; pi, , \_ -

i

pleural ganglion ; pe, has been mistaken
pedal ganglion ; ab. sp, f_. „ -rvatpr-nnrp
abdominal ganglion, '°'' ^ "^rer pore.

_

which represents also The leiotroplC

gangiion^"f "steepto- torsion of the visceral dome has had
neura and gives off the less deep-seated effect in one series of
nerve to the csphra- ... , . ^ , ,

diura (olfactory organ) Anisopleura than in another. Accord-

S'et'.Sred"soSe"d"ge:ingly, as the loop formed by the two
nital" ganglioD. The VISCEKAL NERVES (fipj. 19) is OF is not
buccal nen-es and gan- i . ., - ,1 ', . .

giia arc omitted, (^ter caught, ^s it were, HI the twist, we are
Spengei.) q^\q ^^^ distinguish one branch or line of

descent \nth straight viflccral nervRs— the Euthyneuka

the Streptoneurou3 con-
dition. B, buccal (eub-
oesoplngeal)gang'ion ; C,

cerebral ganglion ; Co,

pleural ganglion ; P, pr-
dal ganglion with otoeyst
attached

; p, pedal nerve;
A, abdominal ganglicn
at the extremity of the
twisted visceral "loop" ;

sp, supra-intestinal \isce-

ral ganglion on the course
of the right visceral cord ;

s&, sub-intestinal ganglion
on the course of the left

visceral cord. (From Ge-
genbaur, after Jhering.)

Fia. 22.-^Nervous system of the Pond-Snail, Limneeus starjnalis, ns a type of
the short-looped Euthyneurous condition. The short viscemi "loop" with
its throe ganglia is lightly-shaded, ce, cerebral ganglion ; pc, pedal Kanglion ;

pi, pleural ganglion; a6, abdominal ganglion; sp, visceral g-;ing!ioa of tho
left side ; opposite to it is the visceral ganglion of the right s.de, which
gives off tJie long nerve to the olfactory ganglion and osphr.u'.iuin 0. In
Planorbis and in Auricula (Pulmonata, allied to LimnreusHhe olf;ictoiy or^an
is on the Itfl side and receives its nerve from me Ufi visccnil ganglion.
(After SpCDgcl.)

(fig. 20)—from a second branch with the visceral nerves
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twisted into a figure-of-eight—the Steeftoneuba (fig. 21).

Probably the Euthyneura and the Streptoneura have de-

veloped independently from the ancestral bilaterally sym-

metrical Gastropods. The escape of the visceral nerve-loop

from the torsion depends on its having acquired a somewhat

deeper position and shorter esrtent, previously to the com-

mencement of the phenomenon of torsion, in the ancestors

of the Euthyneura than in those of the Streptoneura. The
junction of the two halves of the visceral loop in the

Euthyneura is below the anus, and the loop is therefore

not caught by the intestine. In the Streptoneura the

junction is (as in the Isopleura) above the anus.

Branch a.—STREPTONEURA (Spengel, 1881).

Characters.— Gkistropoda Anisopleura in which the

visceral " loop " (the conterminous visceral nerves) em-

braces the intestine and therefore shares in the torsion of

the visceral hump, the right cord crossing above the left

60 as to form a figure-of-eight (see fig. 19).

The Streptoneura comprise two orders — the Zygo-

branchia and the Azygobranchia.

Order 1.—Zygobranchia.

Charaetert.—Streptoneura in. which, whilst the visceral

torsion is very complete so as to bring the anus into the

middle line anteriorly or nearly so, the atrophy of the

primitively left-side organs is not carried out. The right

and left ctenidia, which have now become left and right

respectively, are of equal size, and are placed symmetrically

on either side of the neck in the paUial space. Related

to them is a simple pair of osphradial patches. Both right

Fio. 28.

—

Baliotia tvXtcrculcta. d, foot; i, tentacolfir processes of the mantle.
(From Owen, after Cuvier.)

and left nephridia are present, the actual right one being

much larger than the left. Two auricles may be present

right and left of a median ventricle (Haliotis), or only one

(Patella). The Zygobranchia are further very definitely

characterized by the archaic character of absence of special

genital ducts. The generative products escape" by the

larger nephridium. The seies are distinct, and there is

no copulatory or other accessory generative apparatus.

The teeth of the lingual ribbon are highly differentiated

(Rhipidoglossate). The visceral dome lies close upon the

oval sucker-Hke foot, and b coextensive with its prolonga-

tion in the aboral direction.

The Zygobranchia comprise three families, arranged in two sub-

orders.

Sub-order 1. CUnidiobranchia.

Character.—Large paired ctenidia acting as gilla

Fimily 1.

—

Haliolidm.

Genera : Haliotis (Ear-Shell, Ormer in Guernsey) ; mostly tropica]

;

Teinatis.

Family 2.

—

FissureXlidm.

Genera : Fissurella (Key-hole limpet) (figs, 24, 86), Ema/rginvla,

Parmophorua (fig. 25) ; mostly tropical.

Snb-order 2. Phyllidiohranehia.

Characters.—Ctenidia reduced to wart-like papilla; special sub-

pallial lamellee, similar to those ot the Upisthobrancn I'leuro-

phyllidia, perform the function of giUs.

Family 3.—Patellidse.

Genera r Patella (Limpet, figs. 26, &c.), Naalla (Bonnet-Limpet),

LoUia.

FurtherRttmarlcs on Zygobranchia.—The Common Limpet
is a speciaL'y interesting and abundant example of the

remarkable order Zygobranchia. A complete and accurate

account of its anatomy has yet to be written. Here we
have only space for a brief outline. The foot of the

Limpet is a nearly circular disc of muscular tissue ; in

front, projecting from and
raised above it, are the head
and neck (figs. 26, 30). The
visceral hump forms a low
couio>jl dome above the sub-

circular foot, and standing out

aU round tie base of this dome
so as to completely overlap the

head and loot, is the circular

mantle-skirt. The depth of

free mantle-skirt is greatest in

front, where the head and neck

are covered in by it. Upon
the surface of the visceral

dome, and extending to the

edge of the free mantle-skirt,

is the conical sheU. men
^^^ 24.-Dorsal aspect of a

the shell is taken away (best of FissmeUa from which

effected by immersion in hot

water) the surface of the vis-

ceral dome is found to be

covered by a black -coloured

epithelium, which may be re-

moved, enabling the observer

to note the position of some
organs lying below the trans-

parent integument (fig. 27).

attaching the foot to the shell form a ring incomplete in

fiT front, external to which is the free

mantle- skirt. The limits of the

large area formed by the flap over

the head and neck {ecr) can be traced,

and we note the anal papilla show-

ing through and opening on the right

shoulder, so to speak, of the animal

into the large anterior region of the

sub-paUial space. Close to this the

small renal organ {i, mediad) and the

larger renal organ (Jc, to the right

and posteriorly) are seen, also the

pericardium {I) and a coil of the in-

testine (int) embedded in the com-

pact liver.

On cutting away the anterior part

of the mantle-skirt so as to expose

the sub-paUial chamber in the region

of the neck, we find the right and
left renal papillae (discoverea by Lan-

""from tte^'^fa'Se.^T kester (27) in 1867) on either side
month

;
T, cephalic ten- the anal papilla (fig. 28), but no gills.

tacle; br, one of the two _, '^..'^ ^ °. '• ,
<-'

symmetrical gilla placed on if a Similar jexanunation be made
the neck. (OriginaL)

^f jjjg gj^ej gg^^g FissureUa (fig.

24, d), we find right and left of the two renal apertures

a right and left gill-plume or ctenidium, which by their

presence here and ia Haliotis furnish the distinctive char-

acter to which the name Zygobranchia refers. Li Patella

no such plumes exist, but right and left of the neck are

seen a pair of minute oblong yellow bodies (fig. 28, d),

which were originally described by Lankester as orifices

possibly connected with the evacuation of the generative

ecimen
e shell

has been removed, wbilet the ante-

rior area of the mantle-skirt has
been longitudinally slit and its sides

reflected, a, cephalic tentacle ; b,

foot ; d, left (archaic right) gill-

plume : e, reflected mantle-flap ; fi^

the fissure or hole in the mantle-flap

traversed by the longitudinal Inci-

aion ; /, right (archaic left) nephrl-
dium's aperture; (?, aaus; A, left

(archaic right) aperture of nephri-
dium ; f, snout. (OriginaL)

The muscular columns (c)
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products. On account of their position they were termed
by him the "capito-pedal orifices," being placed near the
junction of head and foot. Spengel (24) has, however, in
a most ingenious way shown that these bodies are the repre-
sentatives of the typical pair of ctenidia, here reduced to a
me»6 rudiment. Near to each rudimentary ctenidium Spengel

Pia. 2e.—The Common Um-pet (Patella milgata)m its sheU, seen from the pedal
eurface. x, y, the median anteroposterior axis ; a, cephalic tentacle ; b,
plantar snriace of the foot

; c, free edge of the shell ; d. the branchial effe-Knt vessel carrying aerated blood to the anricle, and here interrupting the
circlet of gill lamella

;
e, margin of the mantle-skirt

; /, gffl Limellse (>io<

the sepajate arese seen in 1

r bandies of the root of the foot, causing
. 27, c. (Original.)

has discovered an olfactory patch or osphradium (consisting
of modified epithelium) and an olfactory nerve-ganglion
(fig. 32). It will be remembered that, according to
Spengel, the osphra-

dium of Mollusca is

definitely and inti-

mately related to the

gill - plume or cteni-

dium, being always
placed near the base

of that organ; further,

Spengel has shown
that the nerve-supply

of this olfactory organ

is always derived from
the visceral loop. Ac-
cordingly, the nerve-

supply affords a means
of testing the conclu-

sion that we have in

Lankester's

pedal bodies the rudi-

mentary ctenidia. The
accompanying dia-

grams (figs. 34, 35) of

the nervous systems of

PateUa and of Haliotis,

as determined by Spen-

gel, show the identity in the origin of the nerves passing
from the visceral loop to Spengel's olfactory ganglion of

the Limpet, and that of the nerves which pass from the
visceral loop of Haliotis to the olfactory patch or osphra-

dium, which lies in immediate relation on the right and
on the left side to the right and the left gill-plumes

^ctenidia) respectively. The same diagrams serve to de-

mt

capito- ^^°' 27.—Dorsal snrface of the Limpet removed^ from its sheU and deprived of its black pig-
mented epithelium ; the internal organs are
seen through the transparent body-wall, c
muscular bundles forming the root of the foot^
and adherent to the shell ; e, free mantle-
skirt ; em, tentaculiferous margin of the same

;

i, smaller Oeft) nephridium ; X, larger (right)
nephridium ; I, pericardium ; te, fibrous septum,
behind the pericardium ; n, liver ; int, intes-
tine ; ecr, anterior area of the mantle-skirt over-
hanging the head (cephalic hood). (Original.)

monstrate the Streptoneurona condition of the viaceral loop
in Zygobranchia.

Thus, then, ws find that the Limpet possesses a sym-
metrically-disposed pair of ctenidia in a rudimentarr con-
dition, and justifies

its position among , n 'i / y
Zygobranchia. At
lie same time it pos-

sesses a totally dis-

tinct series of futic-

tional gills, which
are not derived from
the modification of

the typical Mollus-

can ctenidium.
These gills are in

the form of delicate F'O- 2S.—Anterior portion of the sume limpet, witk
the overhanging cephalic hood removed, a, ce-
phalic tentacle ; &, foot ; c, muscular subgtaooe
forming the root of the foot ; d, the capito-pedaJ
organs of Lankester (= rudimentary ctenidia); «,

mantle-skirt ; /, papilla of the larger nephridjum ;

g, anus ; ft, papilla of the smaller nephridium ; i,

smaUer nephridium ; fc, larger nephridiam ; I, peri-
cardium ; m, cut «lge of the mantle-skirb; n,

liver; p, snout. (Original)

lameUaB(fig. 26,/),
which form a series

extending com-
pletely round the

inner face of the

depending mantle-

skirt. This circlet of gUl-lamellas led Cuvier to class the

Limpets as Cyclobranchiata, and. -b^ erroneous identifica-

tion of them with

the series of meta-

merically repeated

ctenidia of Chiton,

to associate the

latter Mollasc
with the former.

The gill -lamellae

of Patella are

processes of the

anantle compar-

able to the plait-

e " c like folds often

Fio. 29.—The same specimen viewed from the left observed On the
front, so as to show the sub-anal tract (^ of the e

f tVi V,
larger nephridium, by which it communicates with TOO! 01 tne Dran-
the pericardium, o, mouth; other letters as in fig. 28. (;]^gj chamber in

other Gastropoda {e.g., Buccinum and Haliotis). They are

termed pallial gills. The only other Molluscs in which
they are exactly represented

are the curious Opistho-

branchs Phyllidia and
Pleurophyllidia (fig. 57).

Li these, as in Patella, the

typical ctenidia are aborted,

and the branchial function

is assumed by close- set

lamelliform processes ar-

ranged in a series beneath

the mantle -skirt on either

side of the foot. Li fig. 26,

d the large branchial vein of

Patella bringing blood from
the gill-series to the heart ^'<'-

5''--P'=er*°l,°' *!',f ^T?°^ 'f^f^ £,1^ .jvi*^o ,.v V y^ v.***v
(nephridia), to show theu- relation to Uie

A-i-!

is seen ; where it crosses

the series of lamellae there

is a short interval devoid

of lamellae.

The heart in Patella con-

sists of a single auricle (not

two as in Haliotis and Fis-

sureUa) and a ventricle; the

former receives the blood

from the branchial vein, the

latter distributes it through a large aorta which soon leads

into irregular blood-lacunae.

rectum and to the pericardium, f, pa-
pilla of the larger nephridium ; g. anal
papilla with rectum leading from it ; h,

papilla of the smaller nephri'lium,which
is only represented by dotted outlines ;

I, pericardium indicated bya dotted out-

line,—at its right side are seen the two
reno-pericardial pores ; JT, the sub-anal
tract of the large nephndium given off

near its papilla and seen through the
unshaded smaller nephridium ; ks.a, an-
terior superior lobe of the large ne-

phridium ; ks.l, left lobe of same ; ks,p^

posterior lobe of same ; l:s.i, inferior

sab-visceral lobe of same. (Original.)
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The existence of two renal organs in Patella., and tneir

relation to the pericardium (a portion of the ccelom), is

Fro. SI.—Diagram of a vei;tical antero-postero median section of a Limpet.
Letters as in figs. 28, 29, with following additions ; q, intestine in transverse

aection ; r, lingual sac (radular sac) ; rJ, radnla ; fi, lamellated stomach ; (,

salivary gland ; u, duct of same ; v, buccal cavity ; w, gonad ; br.a, branchial

idvehent vessel (artery) ; br.v, branchial efferent vessel (vein) ; bf, blood-

vessel : odm, muscles and cartilage of the odontophore ; cor, heart within the
pericardium. (Original.)

important. Each renal organ is a sac lined with glandular

epithelium (ciliated cells with concretions) communicating

Fio. 82.—A. Section in a plane vertical to the surface o! the neck of Patella
through a, the rudimentary ctenidium (Lankester's organX and h, the ol-
fectory epithelium (osphradium) ; c, the olfactory (osphradial) ganglion.
(After Spengel.) B. Surface view of a rudimentary ctenidium of Patella,
excised and viewed as a transparent object. (Original.)

with the exterior by its papilla, and by a narrow passage
with the pericardium. , The connexion with the pericar-

6

Flo. 88.—Vertical section in a plane running right and left through the
anterior part of the visceral hump of Patella, to show the t^vo renal organs
and their openings into the pericardium, a, large or external or right renal
organ ; ab, narrow process of the same running bflow the intestine and lead-
ing by t into the pericardium ; 6, small or median renal organ ; c, pcri-
cardimn ; d, rectum ; e, liver ; /, manyplies

; g, epithelium of the dorsal sur-
face

; h, renal epithelium lining the renal sacs ; t, aperture connecting the
small sac with the pericardium ; fc, aperture connecting the large sac with
the perif^rdium. (From an oi iginal drawing bv Mr J. T. Canninglum, FeUow
of Dni^-ersity College, Oxford.)

dium of tne smaller of the two renal organs was demon-
Btratfcd bv Laikester in 1867, at a time when the fact

that the renal organ of the Mollusca, as a rule, opens into
the pericardium, and is therefore a typical nephridium,
was not known. Subsequent investigations (27) carried on
under the direction of the same ,

naturalist have shown that the
larger as well as the smaller renal

sac is in communication with the
pericardium. The walls of the
renal sacs are deeply plaited and
thrown into ridges. Below the
surface these walls are excavated
with blood-vessels, so that the sac
is practically a series of blood-ves-
sels covered with renal epithelium,
and forming a mesh-work within
a space communicating with the
exterior The larger renial sac (re-

markably enough, that which is

aborted in other Anisopleura) ex-

tends between the liver and the
integument of the visceral dome Fro. 84.

very widely. It also bends round
the liver as shown in fig. 30, and
forms a latge' sac on half of the
upper surface of the muscular mass
of the foot. Here it lies close

upon the genital body (ovary or
testis), and in such intimate rela- . , ,-„-,
tionship with it that, when ripe, the gonad bursts into the
renal sac, and its products are carried to the exterior by
the papilla on the right side of the anus (Robin, Bail).
This fact led Cuvier erroneously to the belief that a duct
existed leading from the gonad to this papilla. The
position of the gonad, best seen in the diagrammatic

pJve

-NerTOUB system of Pa-
tella ; the visceral loop is

lightly shaded ; the buccal
fauglia are omitted, ce, cere-
ral ganglia; c'e, cerebral com-

missore ; pi, pleural ganglion ;

pe, pedal ganglion
; p'e, vefkJL

nerve ; s, s', nerves (right and
left) to the mantle ; o, oUac-
tory ganglion, connected by
nerve to tt ? Streptoneurous
visceral loop. (After SpengeL)

Fro. 35.—Nervous system of Haliotis ; the visceral loop Is lightly shaded •

the buccal ganglia are omitted, ce, cerebral ganglion ; pl.p^, the fused pleu-^ai
and pedal ganglia

;
pe, the right pedal nerve ; ce.pl, the cerebro-pleural con-

nective
; ce.pe, the cerebro-pedal connective ; s, «, right and left mantle

nerves p ab, abdominal gangbon or site of same ; o, o, right and left olfactory
ganglia and osphradia receiving nerve from visceral loop. (After SpengeL)

section (fig. 31), is, as in other Zygobranchia, devoid of
a special duct communicating with the exterior. This
condition, probably an archaic one, distinguishes the Zygo-
branchia among all Glossophorous Mollusca.
The digestive tract of Patella offers some interesting

features. The odontophore is powerfully developed ; the
radular sac is extraordinarily long, lyiny coiled in a space
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between the mass of the liver and the muscular foot. The
radula has 160 rows of teeth with twelve teeth in each row.

Two pairs of salivary ducts, each leading from a salivary

gland, open into the buccal chamber. The oesophagus leads

into a remarkable stomach, plaited like the manyijlies of a

sheep, and after this the intestine takes a very large num-
ber of turns embedded in the yellow liver, until at last it

passes between the two renal sacs to the anal papilla. A
curious ridge (spiral ? valve) which secretes a sKmy cord is

found upon the inner wall of the intestine. The general

structure of the MoUuscan intestine has not been suffi-

ciently investigated to render any comparison of this struc-

ture of Patella with that of other MoUusca possible. The
eyes of the Limpet (28) deserve mention as examples of

the most primitive kind of eye in the Molluscan series.

They are found one on each cephalic tentacle, and are

simply minute open pits

or depressions of the

epidermis, the epidermic

cells lining them being

pigmentedand connected

with nerves (compare fig.

118)..

The Limpet breeds

upon the southern Eng-
lish coast in the early

part of April, but its de-

velopment has not been

followed. It has simply

been traced as far as the

formation of a Diblastula

which acquires a ciliated

band, and becomes a
nearly spherical Trocho-

sphere. It is probable

that the Limpet takes

several years to attain

full growth, and during

that period it frequents

the same spot, which
becomes gradually sunk
below the surrounding

surface, especially if the

rock be carbonateof lime.

At low tide the Limpet
(being a strictly inter-

tidal organism) is ex-

posed to the air, and is

to be found upon its spot of fixation ; but when the water

again covers it, it (according to trustworthy observers)

quits its attachment and walks away in search of food

(minute encrusting algje), and then once more as the tide

falls returns to the identical spot, not an inch in diameter,

which belongs, as it were, to it Several million Limpets
—twelve million in Ber\rickshire alone—are annually used
on the east coast of Bntam as bait.

Order 2.—Azygobranchia.

Characters.—Streptoneura which, as a sequel to the

torsion of the visceral bump, have lost by atrophy the

originally left ctenidium and the originally left nephridium,

retaining the right ctenidium as a comb-like giU-plume to

the actual left of the rectum, and the right nephridium
(that which is the smaller in the Zygobranchia) also to the

actual left of the rectum, between it and the gill-plume.

The right olfactory organ only is retained, and may assume
the form of a comb-Uke ridge to the actual left of the

ctenidium or branchial plume. It has been erroneously

described as the second gill, and is known as the para-

branehia. The rectum itself lies on the animal's right

Nervoua system of Fissurella. pi,

pallial nerve ; p, pedal nerve ; A, abdomi-
nal ganglia in the Streptonenrous visceral
commissure, with supra- and sub-intestine
ganglion on each side; B, buccal ganglia;
C, t', cerebral.ganglia ; es, cerebral commis-
sure ; 0, otocysts attached to the cerebro-
pedal connectives. (FromGegenbaur, after
Jhering.)

thoulder. The presence of glandular plication of the surface

of the mantle-flap (fig. 46, x) and an adrectal gland (purple-

gland, fig. 47, g})) are frequently observed. The eexes are

always distinct; a special genital duct (oviduct or sperm
duct) unpaired is present, opening either by the side of the

anus or, in the males, on the right side of the neck in con-

nexion with a large penis. The shell is usually large a.v.i

spiral; often an operculum is developed on the upper sm-
face of thf hinder part of the foot. The dentition of the

lingual ribbon is very varied. In most cases the viscera)

hump and the foot increase along axes at right angles to

one another, 50 that the foot is extended far behind the

visceral hirmp in the ab-oral direction, whilst the visceral

hump is lofty and spirally t'wisted.

This is a very large group, and is conveniently divided

into two sections, the Keptantia and the Natantia. The
former, containing the immense majority of the group,

breaks up into three sub-orders, the Holochlamyda, Pneu-

monochlamyda, and Siphonochlamyda, characterized by the

presence or absence of a trough-like prolongation of the

margin of the mantle-flap, which conducts water to the

respiratory chamber (sub-pallial space where the gill, anus,

kc, are placed), and notches the mouth of the shell by
its presence, or again by adaptation to aerial respira-

tion. The sub-orders are divided into groups according to

the characters of the lingual dentition. In some Azygo-
branchia the mouth is placed at the end of a more or less

elongated snout or rostrum which is not capable of intro-

version (Rostrifera) ; in the others (Proboscidifera) the

rostrum is partly invaginated and is often of great length.

It is only everted when the animal is feeding, and is with-

drawn (introverted) by the action of special muscles ; the

over-worked term "proboscis" is applied to the retractile

form of snout. The term " introversible snout," or simply

"introvert," would be preferable. The presence or absence

of this arrangement does not seem to furnish so natural a
division of the Reptant Azygobranchia as that aflforded by
the characters of the mantle-skirt.

Section a.—REPTANTIA.
Characters.—Azygobranchia adapted to a creeping life ; foot either

wholly or only the mesopodium in the form of a creeping disc

Sub-order 1.

—

HolocMamyda.

CharacUrs.—Eeptant Azygobranchia wiih a simple margin to the
mantle-skirt, and, accordingly, the lip of the shell unuotched

;

mostly Rostrifera [i.e., with a non-introversible snout), and vege-
tarian ; marine, brackish, fresh-water, teiTestriaL

a. Ehipidoglossa (x.4 to 7.1.4 to 7.x).

Family 1.

—

Trochidm.

Genera : Turbo, Lin. ; Phasianclla, Lam. ; Impcratorj Uontf. ;

Trochui, Lin.; Rotella, Lam.; Euomphalus, Low.
Family 2.

—

Neritidm.

Genera : Nerita, L. ; JVerilitia, Lam. ; Filcolus, Low ; Namcella,
Lam.

Family 3.

—

Plcurotoinaridw.

C.pnera : Plcurotmnaria, Defr. ; Anatomus, Montf.; SUmatia
Helbing.

p. Ptenoglossa (x.0.z).

Family 4.

—

Scalaridm.
Genus ; Scalaria^ Lam.

Family 5.

—

Janthinidse.

Genera: Janthina, Lam. (fig. 44); Itecluzia, Petit.

7. Tsenioglossa (3.1.3).

FamOy 6.

—

Cerifhidee.

Genera: Ccrithium, Brug.-, Potamidcs, Brong.; Kerinasa, Defr.

Family 7.

—

Mclanidx,
Genera : Mclania, Lam. ; Melanop'is, Fer. ; Anoylotua, Lay.

Family 8.—Pyramiddlidee.
Genera : PyramidcUa, Lam. ; Stylina, Flem. ; Aclis, Loven.

Fam'ly 9.— Turrilellidas.

Genera: Turritdla, Lam.; Cwcum, Flem.; Vermetus. Adans.;
Siliquaria, Brug.

Family 10.

—

Xcnophoridss.

Genus : P/ioriw, lloutf. (fig. 39).
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Tabijlab Vib^v op tub Subdivisions op tpe Class GASTROPODA, akbanqed so as to sbowtheib supposia) Genetio

Kelationships.

Class. —GASTROPODA.
(Archisopleurum.)

Sub-class 1.—ISOPLEUKA. Sub-class 2 —Anisopleuiu
(Arehieuthyneurum.)

Brancn a.—Streptoneuea.
{ArchUygobranchium. )

Branch 6 —ErrrHTNEtiRA.
{.Archiopislhobranchiuin.

)

O O O Order 1.—Zygobranohia.

i ^

Order 2.

—

Aztoobeanohia.
{Archiholochlamydum^)

Sect. a.

Ecptantia.
Sect. i.

Order 1.—OprsTHOBRANCHiA.
{Arckivalliaium.

)

2.—pULOrder 2.

—

j^lmonaTa
iArchibasommcUuvi. )

Sect. a.

Palliala,
Sect. J.

Non-Palliata.
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Family 11.

—

Natiddee.
Genera : Natica, Lam. ; Sigaretus. Lam. ; Neritopsis, Gratel.

Family 12.

—

Entoconchidie.

The single genus and species Enloconcha, mirahilis, discovered by
Joh. Miiller in 1851, parasitic in Synapta digitata. The adult
form is not known.

Family 13.

—

Marsenidw.
Genera : Marsenia, Leach ; Onchidiopsis, Beck.

Family 14.

—

Acmssidee.

Genera : Acmma, Eschsch. ; Lottia, Gr. ; (probably these will be
found to belong to the Zygobranchia).

Family 15.

—

Cap^ilidm.

Genera : Capulus, Montf. ; Calyptrasa, Lam. (fig. 40) ; Trochita,

Schum.
Family 16.

—

Littorinidm.

Genera : Liltorina (the Periwinkles, fig. 46) ; Mndulua, Gray
,

Lacuna, Turt. ; Rwsoa, Frem. ; Eydrobia, Hartm. ; Assiminia,
Leach.

Family 17.

—

Paludinidm.
Genera : Paludtna (River-Snail) (figs. 7, 21) ; Bilhynia. Gray

;

Tanalia, Gray.
Family 18.— ValvcUidw.

Genus : Valvata (fig. 46), firesh-water.

Family 19.

—

Ampullaridm.
Genus : Ampullaria (can breathe air by means of the walls of

the pallia! chamber as well as water by the gill : fresh waters
of tropical America, Africa, and East Indiesj.

Sub-order 2.

—

Pneumonochlamyda.

CharouAers.—PalHal chamber a lung-sac ; no gill; mouth on a
rostrum, not a retractile proboscis ; terrestrial habit.

Family 20.

—

Oyclosloniidw.

Genera : Cyclostoma, Lam. ; Oychphorus, Montf. ; Ferussina,

Gratel. ; Pupina, Vignard.

Family 21.

—

Belicinidm (rauula rhipidogloosate rather than ta;nio-

glossate).

Genera : Stoastoma, Adams ; Trocftatella, Swains. ; Selicina,
Lam. ; Proserpina, Guild.

Family 22.

—

Aciculidm.
.Oenera : Acicula. Hartm. ; OeoTnelania, Pfr,

Sub-order 3.

—

Siphonochlamyda.
Characiers.—Reptant Azygobranchia with the margin of the

mantle drawn out to form a trough-like siphon which notches thv
lip of the shell ; shell always spiral ; usually an operculum, homy
or lameUiform

; either a rostrum or a retractile p.-oboscis ; exclusively
marine ; mostly carnivorous.

* Tmnioglossa (3.1.3).
Family 1.

—

Slronibidm.
Genera: Sirombus, L.; Pteroceras, Lam.; Sostellaria, Lam

(fig 43).

Family 2.

—

Aporrhaidw,
Genus ; Aporrhais, Da Costa.

Family 3.

—

Pedicularidm.
Genus : Pedicularia, Swains.

T<'amily 4.

—

DoUdm.
Genera : Cassis, Lam. ; Oas laria, Lam. ; Solium, Lam. ; Tictth.

Swains.

FamOy 6.

—

Tritgnidm.
Genera : Tritonium, Cuv. (fig. 42) ; Sanella, Lam.

Family 6.

—

Cyprasidw (the Cowries).
Genera : Cyprma, L. ; Ovulum, Brug. (fig. 41) ; ,^rato, Kisso.

*Toxiglossa (1.0.1).
Family 7. —Conidm.
Genus : Conus, L.

Family 8.

—

Terebndw.
Genus : Tcrebra, Adans,

Family 9.

—

Pleurotomidm.
Genus : Pleurotor^a, Lam.

Family 10.

—

CanccUandw.
Genus : Cancellaria, Lam.

*£achiglossa (1.1.1 or .Li
Family 11,—Muricidm.

Genera : Murex, L. ; Trophon, Montf ; Fmua, Brug. ; Pyrula,
Lam. (fig. 38) ; Turbinella, Lam.

Family 12 —Bucdr.idee.

Genera: Buccinnm, L. ; Nassa, Lam. (fig. 5); Purpura, Erug.
(fig. 47): Concholepas, Lam.; Maailue, Montf.

Family 13.—MtlriUm.
Genus : Miira, Lam.
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Family 14.

—

OUvidm.
Genera : Oliva, Brug. ; Ancilla, Lam.; Earjm, Lam.

Family 15.— Volutidm.
Genera : Valuta, L. ; Cymbium, Montf. ; Marginella, Lam.

;

folvaria Lam.

FurtJier EemarJcs on the Replant Azygohranchia.—The
very large assemblage of forms coming under this order

comprise the most highly developed predaceous sea-snails,

numerous vegetarian species, a considerable number of

PlO. 87.—A. Triton variegatum^ to show the proboscis or bnccal Introvert (c)

in a state of evtTsion. a, siphonal notch of the shell occupied by the siphonal

fold of the mantle-skirt (Siphonochlamyda) ; b, edge of the mantle-skirt rest-

ing on the shell ; c, cephalic eye ; rf, cephalic tentacle ; e, everted buccal

introvert (probnseis) ; /, foot ; g. operculum ; h, penis ; i, under surface of

tbe inantlft-nktrt forming the rooi of the sub-pallifil chamber. B. Sole of the

foot of PyruJa taba, to show a, the pore usually said to be "aquiferous"
but probably the ortflce of a gland ; 6, median line of foot.

fresh-Tvater, and some terrestrial forms. The partial dis-

section of a male specimen of the Common Periwinkle,

Littorina littoralis, drawn in fig. 46, will serve to exhibit

the dispositioa of viscera which prevails in the group.

retractor muscle of the foot, which clings to the spiral

column or columella of the shell (see fig. 42). This col-

umella muscle is the same thing as the muscular surface

marked c in the figures of Patella, marked k in fig. 91 of

Nautilus, and the posterior adductor of Lamellibtanchs

(fig. 131).

The surface of the neck is covered by integument forming

the floor of the branchial cavity. It has not been cut into

Fio. 39.—Animal and shell of Pltonis exutus. a, snout (not Introversible): ft,

cephalic tentacles ; c, right eye ; (?, pro- and meso- podium,—to the ri^t of
this is seen the metapodium bearing the sculptured opercolum.

Of the organs lying on the reflected mantle-skirt, that which

in the natural state lay nearest to the vas deferens on the

right side of the median line of

the roof of the branchial chamber

is the rectum i', ending in the

anus a. It can be traced back to

the intestine i near the surface of

the visceral hump, and it is found

that the apex of the coil formed

by the hump is occupied by the

liver h and the stomach v. Pha-

rynx and oesophagus are con-

cealed in the head. The enlarged

glandular structure of the walls

of the rectum is frequent in the

Azygobranchia, as is also though

not universally the gland marked

ff, next to the rectum. It is the

adrectal gland, and in the genera

Murex and Purpura secretes a

colourless liquid which turns

(Fio 88 —Animal and shell of Pvru7o Iffuisafo. a, siphon ; S, head-tentacles ; C, head, the letter placed near the right P'l^P's upon exposure tO the at-

eve :'rf- the foot, expanded as in crawling; A, the mantle-skirt reflected over the sides of the shea (From Owen, mosphere, and waS USed by the

ancients as a dye.

eye ; rf, the foot, expanded as in crawling

The branchial chamber formed by the mantle-skirt over-

hanging the head has been exposed by cutting along a line

extending backward from the letters vd to the base of the

columella muscle mc, and the whole roof of the chamber

thus detached from the right side of the animal's neck has

been thrown over to the left, showing the organs which lie

upon the roof. No opening into the body-cavity has been

made • the organs which lie in the coiled visceral hump

show through its transparent waUs. The head is seen in

front resting on the foot and carrying a median non-retractile

snout or rostrum, and a pair of cephalic tentacles at the

base of each of which is an eye. In many Gastropoda the

eyes are not thus sessile but raised upon special eye-tentacles

(fi^s. 43, 69). To the right of the head is seen the muscular

penis p close to the termination of the vas deferens (sper-

matic duct) I'd. The testis f occupies a median position in

the coiled visceral mass. Behind the penis on the same

side is the hooklike columella muscle, a development of the

Near this, and less

advanced into the

branchial chamber,

is the single renal

organ or nephri-

dium r with its

opening to the ex-

terior /. Internally

this glandular sac

presents a second

slit or aperture
which leads into tho

pericardium (as is

now found to be
.. . 11 -\r 1 Flo. 40.—Shell of Calyptrrea, seen from below so as
tlie case in ail Mol- to show the inner whorl b, concealed by the cao.

lusca). The heart Uke onter whorl a.

c lying in the pericardium is seen in close proximity to
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the renal organ, and consists ot a single auricle receiving

blood from the gill, and of a single ventricle which pumps
It through the body by an anterior and posterior aorta

(fee fig. 105) The
surface X of the

mantle between the

rectum and the gill-

plume is thrown

into folds which

in many sea-snails

(\Vhelks, &c ) are ^
verv strongly deve-
, •", nrC u 1 Fio 41.—Aulmal and slcll of Ovnium. d, CfpTialto
Joped. ine WtlOle t.-ntaclea . d, foot ; J, mantle-sklrt, wlilch is natu

of this surface ap- ''-'y '-"l<^i '"
*/.l''^'=i<^'?,

""i'"<"' «. as to

.
^ cjver in the sides of the ghelJ.

pears to be active

in the secretion of a mucous-like substance. The single

gill-plume br lies to the left of the mediaa line in natural

position. It corresponds to the

right of the two primitive cten-

idia in the untwisted archaic

condition of the MoUuscan body,

and does not project freely into

the branchial cavity, but its

axis is attached (by concres-

cence) to the mantle-skirt (roof

of the branchial chamber). It

is rare for the gill-plume of an

Anisopleurous Gastropod to

stand out freely as a plume,

but occasionally this more ar-

chaic condition is ejdiibited, as

in Valvata (fig. 45). Next be-

yond (to the left of) the gUl-

plume we find the so-called para-

branchia, which is here simple,

but sometimes lamellated as in

Purpura (fig. 47). This organ

has, without reason, been sup-

posed to represent the second
y,„ 45. -Section of the .heU ot

Ctenidium of the typical Mollusc, Trltonium, Cuv. a, apcx;o_c.8l

which it cannot do on account

of its position. It should be

to the right of the anus ^<ere

this the case. Recently Spengel

has shown that the parabran-

chia of Gastropods is the t\-pical

olfactory organ or osphradium
in a highly-developed condition The minute structure

of the epithelium which clothes it, as well as the origin of

phon.il notch of the mouth of the

shell ; acto pc, mouth of the shell;

w, w, whorls of the sheU ; s, s, su-

tures. Occupj'ing the axis, and
exposed by the section, is seen the
'* colcmelia " or spiral piliar. The
npper whorls of the shell are seen

to be divided into separate cham-
ber? by the formation of succes-

sively "fonned "septa." (From
Owen.)

Fio. 4S.—Animal and shell of Rosletlartii rectlrostrU. a, snont or rostrtrai

;

b, cephalic tentacle ; c, eye ; d, propodiun'. and niesopo^lcm : e, metapodlura ;

/, operculum; h\ prolonged siphonal notch of the shell occnpled by the

siphon, or trough-like process of the mantle-skirt. (From Owen.)

the nerve which is distributed to the parabrauchia, proves

it to be the same organ which is found universally in Mol-

luscs at the base of each giU-plnme, and tests the itdrawn

current of water by the sense r>{ smell. The nerve to this

Valvala tristcta, JlillL

0, mouth; op, opercolam ; i"",

ctenidium (branchial plume); z,

filiform appendage (? rjdiment-

arj' ctenldiumjL The freely pro-

jecting ctenHitim of typical form
Dot having its axis fused to tJie

roof of the branchial chamber Is

the notable character of thlB

genus

Flo. 44.—Female Janthlni, with ettBHoat (a) attached to tho foot ; *, efSf

capsules : c, clanidJom (gill-plomo); d, cephalic tentacles.

organ is given off from the superior (original right, see

fig. 19) visceral g.inglion.

The figmes which are here given of various Azj'go-

branchia are in most cases suffi-

ciently explained by the refer-

ences attached to them. As an
excellent general type of the

nervous system, attention may
be directed to that of Paludina

drawn in fig. 21. On the whole,

the ganglia are strongly indivi-

duali;:ed in the Azj'gobranchia,

nerve-cell tissue being concen-

trated in the ganglia and absent pio. 45.

from the cords (contrast with Zy-
gobranchia and Isopleura). At
the same time, the junction of

the visceral loop above the in-

testine prevents in aU Strepto-

neura the shortening of tho vis-

ceral loop, and it is rare to find a fusion of the visceral

ganglia with either pleural, pedal, or cerebral—a fusion

which CAn and does

take place where the

visceral loop is not
above but below the

intestine, e.g., in the

EuthyneUra (fig. 67V
Cephalopoda(fig. 112),

and Lamellibranchia

(fig. 144). As con-

trasted with the Zygo-

b^anchi.^ and the Iso-

pleura, wo find tha* in

the Azygobranchia the

pedal nerves are dis-

tinctly nerves given off

from the pedal ganglia,

rather than cord-like

nerve -tracts contain-

ing both nerve -ceUs

or ganglionic elements

and nerve-fibres. Yet
in some Azygobran-
chia (Paludina) a lad- F>o- 46. -Mais or l.(«or(«j liiioralts, Lin., re-

, ,!,
' moved from its shell; the raantlf-aklrt cut along

aer-UK6 arrangement its rleli' line of attachment and thrown over

of the two pedal

nervesand their lateral

branches has been de-

tected (30). The his-

tology of the nervous

system of Jlollusca

has yet to be seri-

ously inquired into.

The alimentary canal of the Azygobranchia presents

little diversity of character, except in so far as the buccal

region is concerned. Salivary glands are present, and in

eorae -"Arnivorous forma (Dobum) these secrete free sul-

to the left side of tllti^nlinal sc as to expose ihe

organs on Its Inner face, a, anus ; i. Inlesllne;

r, nephiidlum (kidney); r, aperture of the

nephridlum ; c, heart; &r, cl.*n:d:um (gill-

plume); plr^ parabranchia (-the oaphradnvn
or oilactory patch); J, glandular lanjeil* of

tlio inner lace of tho mantle-aklrt
, g, adrcctal

(purpnriiiarous) gland, t, testis; vd. vas de

ferens; />. penis; mc.columella muscle(moscnlar

process grasping the ihell); r, stomach ; A. liver.

JV.B. Not* the simple snout or rostrum not In-

troverted as a *' proboscis."
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the mantle-skirt cut aloDg its

left line of attachment and
thrown over to the right aide

of the animal so as to erpose
the organs on its inner face.

a» anus ; r^, vagina ; 55:, adrec-

tal purpuriparous gland ; 7^,

aperture ofthe nephridimn (kid-

ney) ; 6r, ctenidium (branchial
plume); b/, parabranchia( = the
comb-bke osphradium or olfac-

tory organ).

phuric acid (as much as two per cent "i present in the

secretion), which assists the animal in boring holes by
means of its rasping tongue through the shells of other

Molluscs upon which it preys. A crop-like dilatation of

the gut and a recurved intestine, embedded in the com-

pact yellowish-brown liver, the ducts of which open into it,

form the rest of the digestive tract and occupy a large

bulk of the visceral hump. The buccal region presents a

pair of fihelly jaws placed laterally upon the Ups, and a

wide range of variation in the form of the denticles of the

lingual ribbon or radula, the nature of which will be iin-

derstood by a reference to fig. 9, whilst ths systematic Ust

of families given abo^fi shows the particular form of den-

tition characteristic of cao'a division of the ordsr.

The modification in the form of the snout upon which

the mouth is placed, leading to the , ^=^/_ -^
distinction of " proboscidiierous " (f^^^^^
and " rostriferous " Gastropods, re-

'"

quires further notice. Thfl condi-

tion usually spoken of as a " pro-

boscis " appears to be derived from
the tondition of a simple rostrum

(having the mouth at its extrem-

ity) by the process of incomplete

introversion of that simple rostrum.

There is nd reason in the actual „ , „ , , „
.„ , ^, -11., Fio. i' —rex~.le of Purpura ia-

Significance -of the word why the ^iiua removed from its sheUr

term "proboscis" should be applied

to an alternately introversible and
eversible tube connected with an
animal's body, and yet such is a
very customary use of the term.

The introversible tube may be
completely closed, as in the "pro-

boscis" of Nemertean worms, or

it may have a passage in it leading into a non-eversible

oesophagus, as in the present case, and in the case of the

eversible pharynx of the predatory Chstopod worms. The
diagrams here introduced (fig. 48) are intended to show
certain important distinctions which obtain amongst the

various " introverts," or intro- and e-versible tubes so fre-

quently met with in animal bodies. Supposing the tube

to be completely introverted and to commence its ever-

sion, we then find that eversion may take place, either

by a forward movement of the side of the tube near its

attached base, as in the proboscis of the Nemertine worms,

the pharynx of Ch»topods, and the eye-tentacle of Gastro-

pods, or, hj a forward movement of the inverted apex

of the tube, as in the proboscis of the Rhabdocoel Planar-

ians, and in that of Gastropods here under consideration.

The former case we call " pleurecbolic " (fig. 48, A, B, C,

H, I, K), the latter " acrecbolic " tubes or introverts (fig.

48, D, E, F, G). It is clear that, if we start from the

condition of full eversion of the tube and watch the pro-

cess of introversion, we shall find that the pleurecbolic

variety is introverted by the apex of the tube sinking in-

wards ; it may be called acrembolic, whilst conversely the

acrecbolic tubes are pleurembolic. Further, it is obvious

enough that the process cither of introversion or of eversion

of the tube may be arrested at any point, by the develop-

ment of fibres connecting the wall of the introverted tube

with the wall of the body, or with an axial structure such

as the oesophagus ; on the other hand, the range of move-

ment of the tubular introvert may be unlimited of complete.

The acrembolic proboscis or frontal introvert of the Nemer-

tine worms has a complete range. So has the acrembolic

pharynx of Chsetopods, if we consider the organ as ter-

minating at that point where the jaws are placed and the

oesophagus commences. So too the acrembolic oye-tentacle

of the snaU has a complete range of movement, and also the

pleurembolic proboscis of the Rhabdocoel prostoma. The
introverted iostrum'of the Azygobranch Gastropods pre-

sents in contrast to these a limited range of movement.

The " introvert " in these Gastropods is not the pharynx as

in the Chsetopod worms, but a prae-oral structure, its apical

limit being formed by the true lips and jaws, whilst the

apical limit of the Chaetopod's introvert is forpied by tha

jaws placed s,t the junction of pharynx and oesophagus, so

that the Chajtopod's introvert is part of the stomodaeum

or fore-gut, whilst that of the Gastropod i.5 external to the

alimentary canal altogether, being m front of the mouth,

not behind it, as is the Chsetopod's. Further, the Gastro-

pod's introvert is pleuremboUo (and therefore acrecbolic),

and is limited both in evei-sion and in introversion ; it cau* 1
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Fio. 4t(.—Diagrams explanatory of the nature of so-caUed probo^cides or " intro-

verts." A. Simple introvert completely introverted. B. The eame, partiaUy
everted by eversion of the sides, as iu the Nemertine proboscis and Gastropo<'

eye-tentacle = pleurecbolic. C. The same, fully everted. D, E, A sinulai

simple introvert in course of eversion by the forward movement, not of it&

sides, but of its apex, as in the proboscidean Rhabdoccel3=ecrecbolic. F.

Acrecbolic ( = pleurembolic) introvert, formed by the snout of the proboscidi-

ferous Gastropod, ai, alimentary canal ; d, the true month. T^e introvert

Is not a simple one with complete range both in eversion and mtroverslon,

but Is arrested in introversion by the fibrous bands at c, and similarly in

eversion by the fibrous bands at 6. G. The acrecbolic snout of a probos-

cidiferous Gastropod, arrested short of complete eversion by the fibrous band
&. H. The acrembolic ( = pleurecbolic) pharjTix of a Chaetopod fully iutro.

verted, aX, alimentary canal ; at d, the jaws ; at a, the mouth ; therefore a
to oE ia stomodaium, whereas in the Gastropod (F) n to d is inverted body-
surface. I. Partial eversion of H. K- Complete eversion of H. (Original.)

not be completely everted owing to the muscular bands

/fig. 48, G), nor can it be fully introverted owing to the bands

(fig. 48, F) which tie the axial pharynx to the adjacent

wall of the apical part of the introvert. As in all such

intro- and e-versible organs, eversion of the Gastropod

proboscis is effected by pressure communicated by the

muscular- body-wall to the liquid contents (blood) of the

body-space, accompanied by the relaxation of the muscles

which directly pull upon either the sides or the apex of

the tubular organ. The inversion of the proboscis is effected

directly by the contraction of these miiscles. In various

members of the Azygobranchia the mouth-bearing cylinder

is introversible (i.e., is a proboscis)—with rare exceptions

these forms have a siphonate mantle-skirt. On the other

hand, many which have a siphonate mantle-skirt are not

provided with an introversible mouth-bearing cylinder, but

have a simple non-introversible rostrum, as it has been
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termcJ, trLIch isalso the condition presented by tlie mouth-
bearing region in nearly all other Gastropoda. One of the

best examples of the introversible mouth-cylinder or pro-

boscis which can be found is that of the Common Whelk
and its immediate allies. In fig. 37 the proboscis is seen

in an everted state ; it is only so carried when feeding,

being withdrawn when the animal is at rest. Probably

its use is to enable the animal to introduce its rasping

and licking apparatiis into very narrow apertures for the

purpose of feeding, e.g., into a small hole bored in the shell

of another Mollusc.

The foot of the Azygobranchia, unlike the simple mus-
cular disc of the Isopleura and Zygobranchia, is very often

divided into lobes, a fore, middle, and hind lobe (pro-,

meso-, and meta-podium, see figs. 39 and 43). Very usually,

but not universally, the meta-podium carries an operculum.

The division of the foot into lobes is a simple case of that

much greater elaboration or breaking up into processes and
regions which it undergoes in the class Cephalopoda. Even
among some Gastropoda (viz., the Opisthobranchia), we
find ^6 lobation of the foot stUl further carried out by
the development of lateral lobes, the epipodia, whilst there

are many Azygobranchia, on the other hand, in which the

foot has a simple oblong form without any trace of lobes.

The development of the Azygobranchia from the egg has

been followed in several examples, e.g., Paludina, Purpura,

Nassa, Vermetus, Neritina. As in other Molluscan groups,

we find a wide variation in the early process of the forma-

tion of the first embryonic cells, and their arrangement as

a Diblastula dependent on the greater or less amount of

food-yelk which is present in the egg-cell when it com-

mences its embryonic changes. In fig. 7, the esirly stages

of Paludina vivipara are represented. There is but

very little food-material in the egg of this Azygobranch,

and consequently the Diblastula forms by invagination

;

the blastopore or orifice of invagination coincides with the

anus, and never closes entirely. A well-marked Trocho-

sphere is formed by the development of an equatorial

cUiated band ; and subsequently, by the disproportionate

growth of the lower hemisphere, the Trochosphere becomes

a VeUger. The primitive shell-sac or shell-gland is well

marked at this stage, and the pharynx is seen as a new
ingrowth (the stomodaeum), about to fuse with and open

into the primitively Lnvaginated arch-enteron (fig. 7, F).

In other Azygobranchs (and such variations are repre-

sentative for all Mollusca, and not characteristic only of

Azygobranchia), we find that there is a very unequal

division of the egg-ceU at the commencement of embryonic

development, as in Nassa (fig. 5). Consequently there is

strictly speaking no invagination (emboly), but an over-

growth (epiboly) of the smaller cells to enclose the larger.

The general features of this process and of the relation of

the blastopore to mouth and anus have been explained

above in treating of the development of Mollusca generally.

In such cases the blastopore may entirely close, and both

mouth and anus develop as new ingrowths (stomodaBum

and proctodoeum), whilst, according to the observations of

Bobretzky, the closed blastopore may coincide in position

with the mouth in some instances (Nassa, &c.), instead of

with the anus. But in these epibolic forms, just as in the

embolic Paludina, the embryo proceeds to develop its cili-

ated band and shell-gland, passing through the earlier con-

dition of a Trochosphere to that of the VeUger. In the

veliger stage many Azygobranchia (Purpura, Nassa, &c.)

exhibit, in the dorsal region behind the head, a contractile

area of the body-wall. This acts as a larval heart, but

ceases to pulsate after a time. Similar rhythmically con-

tractile areas are found on the foot of the embryo Pulmo-

nate Limax and on the yelk-sac (distended foot-surface)

of the Cephalopod Loligo (see fig. 72**).

The history of the shell in the development of Azygo-
branchia (and other Gastropods) is important. Jast as

the primitive shell-sac aborts and gives place to a cap-like

or boat-like shell, so in some cases (Marsema, Krohn) has

this first shell been observed to be shed, and a second shell

of different shape is formed beneath it.

A detailed treatment of what is laiown of the histo-

genesis in relation to the cell-layers in these JiloUusca would
take us far beyond the limits of this article, which aims at

exposing only the weU-ascertaihed characteristic features

of the Mollusca and the various subordinate groups. There
is still a great deficiency in our knowledge of the develop-

ment of the Gastropoda, as indeed of all classes of animals.

The development of the gill (ctenidium) as well as of ths

renal organ, and details as to the process of torsion of the

visceral hump, are still quite insufficiently known.

One fuither feature of the development of the Azygobran-

chia deserves special mention. Many Gastropoda deposit

their eggs, after fertilization, enclosed in capsules; others, as

Paludina, are viviparous , others, again, as the Zygobranchia,

agree with the Lanellibranch Conchifera (the Bivalves) in

having simple eiit-" foi the ova without glandular walla,

and therefore discharge their eggs unenclosed m capsules

freely into the sea-water ; such unencapsuled eggs are

merely enclosed each in its own debcate chorion. When
egg-capsules are formed they are often of large size, have

tough walls, and in each capsule are several eggs floating

in a viscid fluid. In some cases all the eggs in a capsule

develop ; m other cases one egg only in a capsule (Neri-

tina), or a small proportion (Purpura, Buccinum), advance

in development ; the rest are arrested either after the first

process of ceU-divi.sion (cleavage) or before that process.

The arrested embryos or eggs are then swallowed and

,

digested by those in the same capsule which have advanced

in development. The details of this history require renewed

study, our present knowledge of it being derived from the

works of Koren and Danielssen, Carpenter and Claparfede.

In any case it is clearly the same process in essence as that

of the formation of a viteUogenous gland from part of the

primitive ovary, or of the feeding of an ovarian egg by

the absorotion of neighbouring potential eggs ; but here

the period z.t which the sacrifice of one egg to another

takes plaie is somewhat late. What it is that determines

the arrest of some eggs and the progressive development

of others in the same capsule is at present unknown.

Section h (of tlie Azsgo\>TS.Tic'hia.).—NATANTJA.

Characters.— A2ygobrancliiate Streptoneura which have the

form and texture of the body adapted to a free-swimming pelagic

habit. They appear to be derived from holbchlamydic fonns of

Reptant A2ygobranchia. The foot takes the form of a Bwumnin|

organ. The nervous sytem and sense-organs (eyes, oti.-ysts, and

osphradinm) are highly developed. The odontophore also is re-

markably developed, its admedian teeth being mobile, and it serves

as an efficient organ for attacking other pelagic forms upon which

the Katantia prey The sexes are distinct as in all Streptoneura

;

and' genital ducts and accessory glands and pouches are present as

in aU Azygobranchia. The Natantia exhibit a series of modifica-

tions of the form and proportions of the visceral mass and foot,

leading from a condition readily comparable with that of a typical

Azygobranch such as Rostellaria, with the three regions of the foot

(pro-, meso-, and meta-podium) strongly marked, and a coiled

visceral hump of the usual proportions, up to a condition in which

the whole body is of a tapering cylindrical shape, the foot a Pjate-

like vertical fin, and the visceral hump almost completely atrophied.

Three steps of this modification may be distinguished as three sub-

orders, the Jt'antac(a. the Carinariaccr, and the PterotrachMcea.

8ub-or<*Br 1.

—

Atlaniacea,

Characters.—'SatantisL with a large spirally-n ound visceral hump,

covered by a hyaline spiral shell ; mantle-skirt large, overhanmug

a well-developed sub-palUal branchial chamber as in Azygobranchia,

to the waU of which is attached the branchial ctenidium ; foot

well developed, divisible iuto a mobile propodium, a mesopodium

on which is formed a sucker, r.nd a metapodium which, when the

animal is expanded, extends t;cj;\Taru3 beyond the shell and visceral
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hump ; upon the upper surface of the metapodium is developed au
operculum.

Genera : Atlanta, Oxygurus. Probably here belong the Palaeozoic

fossils SelUrophon.

Sub-order 2.

—

Carinariacea.

Characters.—Visceral bump greatly reduced in r«IatiTe size;

shell small, cap-like, hyaline
;

ctenidium (branchial plume)
projecting from the small sub-
pallial chamber ; body cylin-

drical ; of the foot-lobes only
the mesoDodium is prominent,
providid with a sucker, and
compressed laterally so as to

form a vertical plate -like fin

projecting from the ventral

surface; the propodium forms
simply the ventral surface of
the anterior region of the cy-
lindrical body whilst the me-
tapodium forms its posterior

region.

Genera . CariTuiria, Cardio-
poda.

Sub-order 3.

—

Pterolrachiacea.

Characters — Visceral hump
still further reduced, forming
a mere oval sac embedded in

the posterior dorsal region of

the cylindrical body; no shell;

foot as in Carinariacea, except
that the sucker is absent from
the mesopodium in the fe&iales.

Genera: PUrotrachea, Firu- ^'°- '"--f^^''"
«ai««Tanai. A. The aDimal.

loides.

the visceral loop of the Natantia is Streptoneurotis. Special

to the Naiantia is the high elaboration of the lingual

ribbon, and, as an agreement with some of the Opistho-

branchiate Euthyneura but as a difference from the Azygo-

branchia, we End" the otocysts closely attached to the cerebral

ganflia. TTiia if however, less of a difference than it was

C, D. Two views of the shell of Cardiopoda.
d', its sucker ; e, metapotfiuj

B. The shell removed,
n, month and odoDtophora ; 6, cephalic tentacles ; c, eye ; d, the fin-like mesopodium ; d', its sucker ; e, metapodiom
/, salivary glands ; h, border of the mantle-flap ; i, ctenidium (gill-plume) ; m, stomach ; 71, intestine ; 0, anus ; p, liver

t, aorta, springing from the ventricle ; «, cerebral ganglion ; r, pleural and pedal ganglion ; «'. testis ; x, visceral ganglion

y, vesicula seminalis ; z. penis. (From Owen.)Fvrther Remarks on the

Natantia Azygobranchia.—
LogicaUy the Natantia should stand aswe have placed them,

viz., as a special branch or section of the Azygobranchia,

related to them somewhat as are the Birds to the Reptiles.

They are true Azygobranchia which have taken to a pelagic

life, and the ceculiarities of structure which they exhibit

Fio. Vi.—AOanta (Orygura) Kemudrenii (magnified 20 dfameteraY n, month

and odontophore ; b. cephalic tentacles ; c, eye ; d, propodium (S)and meso-

podium ; r, mctapodium ; /, operculum ; h, mantle-chamber ; i, ctenidium

(eill-plume) ; k, retractor muscle of foot ; I, optic tentacle ; m, stomach ; n,

dorsal surface overhang by the mantle-skirt, the letter is dose to the salivary

gland ; 0, rectum and anus ; p, liver ; 1), renal organ (nephndium)|i t, veu-

fricle ; !(, the otocvst attached to the cerebral gangbon ; w, testis
; x, auncle

of the heart ; y, vesicle on genital duct ; e, penis. (From Owen.)

are strictly adaptations of the structure common to them

and the Azygobranchia consequent upon their changed

mode of life. Such adaptations are the transparency and

colourlessness of the tissues, and the modifications of the

foot, which still shows in Atlanta the form common in

Azygobranchia (compare fig. 49 and fig. 39).

The cylindrical body of Pterotracheacea is paralleled by

the slug-like forms of Euthyneura. Spengel has shown that

at one time supposed to be, for it has been shown by Lacaze

Duthiers, and also by Leyilig, that the otocysts of Azygo-

branchia even when lying close upon the pedal ganglion

(as in fig. 21) yet receive their special nerve (which can

sometimes be readily isolated) from the cerebral ganglion (see

fig. 36). Accordingly the difference is one of position of the

otocyst and not of its nerve-supply. The Natantia are further

remarkable for the high development of their cephalic eyes,

and for the typical character of tlieir osphradium (Spengel's

olfactory organ). This is a groove, the edges of which are

raised and ciliated, lying near the branchial plume in

the genera which possess that organ, whikt in Firuloides,

which has no branchial plume, the ospJiradium occupies a
corresDonding position. Beneath the ciliated groove is

Fio. 51.

—

PifrotTochen nntlixr. seen from the right side, a, pouch for reception
of the snout when retracted ; c, pericardium

; pA, pliarynx ; or, cephalic eye ;

p, cerebral ganglion ; ^, pkuro-peda! ganglion ; pr, foot (mesopodium); r,

stomach ; i, intestine ; fl, so-called nucleus ; br, branchial plume (ctenidium);
w, osplmidium ; m(, foor (metapodium) ; s, caudal appendage. (Alter KeTer-
stein.)

placed an elongated ganglion (olfactory ganglion^ connected
by a nerve to the supra-intestinal (therefore the primitively

dcxtral) ganglion of the long visceral nerve-loop, the strands

of which cross one another,—this being characteristic of

Streptoneura (Spengel).

The Natantia belong to the " pelagic fauna " occurring
near the surface in the Meditgrranean and great oceans in

company with the Pteropoda, the Siphonophorous Hydrozoa,
Salpae, Leptocephali, and other sijeciaUy-modified trans-

parent swimniiDg representatives of various groups of the
animal kingdom. Li development they pass thro.jigh the
typical trochosphore and veliger st8,ges provided with boat-

like shell.
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-EVTEYNEURA (Spengel, 1881).

Characters. —* Gastropoda Anisopleura in which tho

visceral loop (the conterminous visceral nerves) does not

share in the torsion of the visceral hump, but, being placed

entirely below the intestine, remains straight and untwisted,

the junction of the visceral cords being below, and not

Via. 62.—BiiHa mriUum (Chemnitz), as seen crawling. 6^ oral hood (compare
with Tethys, fig. 62, B), possibly a continuation of the epipodia ; &, h\ cephalic

tentacles. (From Owen.)

above, the intestine as it is in Streptoneura. Although
the anus is not brought so far forward by the visceral

torsion as in the Streptoneura, and may even by secondary

growth assume a posterior median position, yet, as fuUy
developed, an asymmetry has resulted as in the Azygo-
branchia, only the original right renal or;Tan, right cteni-

dium (if any), right osphradium, right siae of the heart,

and right genital ducts being retained. All the Euthy-

neura are hermaphrodite. The lingual ribbon has very

usually nunperous fine denticles

undifferentiated into series in

each row. The shell is light

and little calcified ; often it is

not developed in the adult,

though present in the embryo. -<^e__——
An operculum, often found in d °

the embryo, is never present in Fm. 63.—TomateUa. ft, shell; 8,

., J ,. / , • rv> i 11 oral hood ; d, foot :/ operculum.
the adult (except m Tomatella,

fig. 53). Many Euthyneura show a tendency to, or a

complete accomplishment of, the suppression of the mantle-

skirt as weU as of the shell, also of the ctenidium, and ac-

quire at the same time a more or less cylindrical (slug-like)

form of body.

Tho EuthjTieura comprise two orders, the Opistho-

branchia and the Puhnonata.

Order 1.—OpisthoTjrancMa.

Marine Euthyneura the more archaic forms of which
have a relatively large foot and a ?mall visceral hump,
from the base of which projects on the right side a short

mantle-skirt. The anus is placed in such forms far back

FlO. 54.

—

Umbrflla mcditcrranca, a, mouth ; fc, cephalic tentacle ; K gill

(ctenidiimi). The free edge of the mantle ia seen just below the margin of

the shell (compare with Aplysia, flg. 63). (From Owen.)

beyond the mantle-skirt. In front of the anus, and only

partially covered by the mantle-skirt, is the ctenidium with

its free end turned backwards. The heart lies in front of,

instead of to the side of, the attachment of the ctenidium,

—hence Opisthobrauchia as opposed to " Pro^obranchia,"

Fio. h5.— Umbrella mediterranean seen
from above, k, mouth ; i, cephalic
tentacles ; A:, penis-sheath. (After
Eeferstein.)

which correspond to the Streptoneura. A shell is possessed

in the adult state by but few Opisthobrauchia, but all pass

through a veliger larval stage with a nautiloid shell (fig. 60).

Many Opisthobranchia have
by a process of atrophy lost

the typical ctenidiiun and the

mantle-skirt, and have deve-

loped other organs in their

place. As in some Azygo-
branchia, the free margin of

the mantle-skirt is frequently

reflected over the shell when
a shell exists; and, as in some
Azygobranchia, broad lateral

outgrowths of the foot (epi-

podia) are often developed,

which, asdoes not occur in Azy-

gobranchia, may be thrown

over the shell or naked dorsal

surface of the body.

The variety of special deve-

lopments of structure accom-

panying the atrophy of typical organs in the Opisthobranchia

and general degeneration of organization is very great, and
renders their classification difficult. Two sections of the

order may be distinguished, according as the typical

Molluscan mantle-skirt (limbus paUial" ;) is or is not atro-

phied, and within each section certain sub-orders.

Section a.—PALLlAT'A (= Tedibranchiala, 'Woodward)

—

the
typical Molluscan mantle-skirt or paUiuni retained.

Sub-order 1.

—

Ctenidiobranchia.

Chvracttrs.—Palliata in which the ctenidium is retained as the
branchial orcan ; with rare exceptions a delicate shell, which may
be very smaU or completely et closed by the reflected margin of the

mantle; epipodia (lateral outgrowths of the foot) frequently present.

Family 1.

—

Tornatellidm.

Genera : Tornaldla, Lam. (fig. 53) ; CinuKa, Gray, &c.

Family 2.

—

BuUidas.

Genera : Bulla, Lam. (fig. 52) ; Accra, Miiller ; Scaphander,

Montf. ; Bullsea, Lam. ; Doridium, Meckel ; Oastropteron,

Meckel, &c.

Family 3.

—

Aplysiidm
Genera: Aplysia, Gmelin (the Sea-Hare) (figs. 20, 66, &c.) ;

Dohbella, Lam.; Lobigcr, Krohn, &c.

Family 4.

—

PleurobranchidiB.

Crenera : Pleurobranchus, Cuvier : Umbrella, Chemnitz (figs. 64,

86); Htcncina, Forbes, &c.

Sub-order 2.—PhijlHdiohranchia.

Characters.—Palliata in which the ctcnidia have atrophied ; much
as in Fatellidae among the Zygobranchiato Streptoneura their place

is taken by laterally-placed lamells, developed from the inner surfaco

of the bUaterallj-disposed mantle-skirt in two lateral rows.

Family 5.

—

Phyllidiadm.
Genera : Phyllidia, Cuiver ; Pleurophyllidia, Meek. (fig. 67).

Section b.—NON-PALLIATA.

Characters.—The tvpical Molluscan mantle-skirt is atrophied in

'he adult. No shell is present in the adult, though the dorsal

integument may be strengthened by calcareous spicules (Doris). The
otocysts are not sessile on the pedal ganglia as in other Gastropods,

but, as in the Natantia Azygobranchia, lie close to the cerebral ga.iglia.

In one sub-order (Pygobranchia) the typical ctenidium appears to

be retained in a modified form ; in the others special de^ :ilopmenta

of the body-wall take its place, or no special respirato- y processes

exist at all. The general form of the body is slug-like, the foot

and visceral hiJmp being coextensive, and a secondary bilateral

symmetry is asserted by the usually median (sometimes right-sided)

dorsal position of the anus on the hinder part of the body.

Sub-order 1.

—

Pyrjobranchi '

.

Characters.—The ctenidium assumes tho fo' iof acirclet of pinnate

processes surrounding the median dorsal ai is ; a strougly marked
cpipodial fold may occur all round the foot and simulate a mantle-

skirt (see fig. 62, C, Doris) ;
papilla; or " cerata "of the dorsal integu-

meut may ocijur as "wpU as the true ctenidium (fig. 61).

Family 6.

—

Dorididse.

Genera : Doris, L. ; Gonicdoris, Forbes ; Triopa, Johnst ; uEgirus

Loven ; Thrcacera, Fleming ; Polyccra,Cux\er ; Idalia, Leuck-

ort : ArjiAlf.^ Loven ; Ccralosoma, Adams ; Onchidoris, Blainv.
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Sub-order 2.

—

CercUonota.

Charadfra.—The typical MoUuscan ctenidium is not developed ;

upon the dorsal area ia developed a more or less numerous series of

cylindrical or branched processes (the cerata) into each of wbjch the

intestine usually sends a process ; anus dorsal, median, or nght-sided.

Family 7.

—

TrUoniadm.
Genera: Tritonia, Cuvier; Scjllaa, L.; Tcthys, Ii. (fig. 62, B);

Dciidronottia, A. and H. ; Doto, Okes.
Family 't.

—

JEolidse.

Genera : £olis, Cuvier (fig. 62, A) ; Olauctis, Forster ; Fiona, A.

and H. (fig. 67); Embletonia, A, and H. ; Proctonotus, A. and

H. ; Antiopa, A. and H. ; Hermwa, Loven ; Alderia, Allman.

Sub-order 3.

—

Eaplomorpha.

Characters.—No ctenidia, cerata, mantle-sVirt, or other processes

of the body-wall ; degenerate forms of small size.

Family 9.

—

Phyllirhoida.

Genera : Phyllirhoe, Peron and Leaueur (fig. B8) ; Aeura, Adams.

Family 10.

—

Elysiadw.

Genera: JSlysia, Kisso (fig. 62, D, E) ; Adeonia, QuatreEj Cenia,

A. and H. ; Limapcmtia, Johnston ; Bkodm' KbB.

Further Remarks on the Opisthobranchia.—The Opis-

thobranchia present the same wide range of superficial

appeafance as do the Azj'gobranchiate Streptoneura, forms

Fio. 66.—Ttiree views of Aplysia sp., In varions conditions of expansion and

border of the reflected mantle.skirt, allowing the shell to show ; pe, the sper-

matic groove. (After Cuvier.)

carrying well-developed spiral shells and large mantle-

skirts being included in the group, togetlier with flattened

or cylindrical slug-

like forms. But in

respect of the substi-

tution of other parts

for the mantle -skirt

and f ir the gUl which

the I lore degenerate

Opis' hobranchia ex-

hibit, this Order
stands i 'one. Some
Opisthol unchia are

striking examples of

degeneration (some

Haplomorpha), hav-

ing none of thos. re- ^
gions • processes it

.p,,, j.^ _DoTaal and ventral view of PUwophyni-

thft bo.lv develop \ din Hncufa (Otto), one of the FhyUidiobranchlato
tne DOay uevewiJ I

paujate Opisthobranchs. (., the mouth ; J, the

which distmgUlsn i^nieUiformsab-paUlalgiUs, whichCaslnPateUa)

the archaic MoUusca r^pta_^the typical MoUuscanctenidinm. (After

from such flat-worms
_ . i •

as the Dendrocoel Planarians. Indeed, were it not for their

retention of the characteristic odontophore we should have

Uttle or no indicatioa tUt such forms aa Phyllirhoe and

Limapontia really belong to the Mollusca at all. The inter-

esting little Rkodope Yeranyii, which has no odontophore,

has been associated by systematists both with these simpli-

fied Opisthobranchs and with Rhabdocoel Planarians (29).

In many respects

the Sea-Hare (Aply-

sia) of which several

species are known
(some occurring on
the English coast),

serves as a conven-

ient example of the

fullest development

of the organization

characteristic of

Opisthobranchia.
Thewoodcut (fig. 56)
givesafaithful repre-

sentation of the great

mobility of the vari-

ous parts of the body."

The head is well marked and joined to the body by a some-

what constricted neck. It carries two pairs of cephalic

tentacles and a pair of sessile eyes. The visceral hump is

low and not drawn out into a spire. The foot is long,

carrying the oblong visceral mass upon it, and projecting

(as metapodium) a little beyond it (/). Laterally tie

foot gives rise to a pair of mobile fleshy lobes, the epipodia

{ep), which can be thrown up so as to cover in the dorsal

Flo. 58.

—

PhylUrKoe hucefhata, twice tjie natoral
size, a transj^arent ni'-cifcrm pelagic Opistho-
brancb. The internal orcans are shown as seen
by transmitted light, a, mouth ; 6, radular sac ;

c, oesophagus ; d, stomach ; c', intestine ; /, anus

:

ff,
9", ff", ff"', the four lobes of the liver ; h, the

heart (auricle and ventricle) ; I, the renal sac (ne-

phridium) ; V, the ciliated communication of the
renal eac with the pericardium ; m, the external
opening of the renal sac ; n, the cerebral ringlion ;

e, the cephalic tentacles ; /, the genital pore

;

y, the ovo-testes ; ic, the parasitic hydroraeduaa
Jlfnfsfro, usually found attached in this position by
the aboral pole of its umbrella, (After Keferatein,)

0. 69.

—

Acera Imllata. A single row of teeth of the radnla. (Formnla, X.I.X.

)

surface of the animal. Such epipodia are common, though

by no means universal, among Opisthobranchia. The
torsion of the visceral hump is not carried out very fully.

Fio 60 A. Vellger-larva of an Oplsthobranch (Polycera), /, foot ; op, oper-

culum • mil, anal papilla ; ry, dry, two portions of unabsorbed nutritive

yelk on either side the intestine. The right otocyst is seen at the root of

the foot. R Trochosphere of an Opisthobranch (Pleurobranchldium) show-

ing • shgr, the shell-gland or primitive shell-sac ; i>, the cilia of the velum

;

Vh the commencing stomodaium or oral invagination ; ol, the left otocyst

;

pg, red-coloured pigment spot C, Diblastula of an Oplsthobranch (Poly-

cera) with elongated blastopore of. (All from Lankester.)

the consequence being that the anus has a posterior posi-

tion a little to the right of the median line above the

metapodium, whilst the branchial chamber formed by the

overhanging mantle-skirt faces the right side of the body

instead of lying well to the front as in Streptoneura and

as in Pulmonate EutHyneura. The gill-plume which in

Aplysia is the typical Molliiscaa cteoidiom is seen in fig.
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63 projecting from the branchial snb-pallial space. The

relation of the delicate shell to the mantle is peculiar,

since it occupies an oval area upon the visceral hump,

the extent of which is indicated in fig.

56, C, but may be better understood

by a glance at the figiires of the allied

genus UmbreUa (figs. 54, 55), in which

the margin of the mantle-skirt coin-

cides, just as it does in the Limpet,

with the margin of the shell. But in

Aplysia the mantle is reflected over

the edge of the shell, and grows over

its upper surface so as to completely

enclose it, excepting at the small cen-

tral area s where the naked shell is

exposed. This enclosure of the shell

is a permanent development of the

arrangement seen in many Strepto-

neura {e.g., Pyrula, Ovulum, see figs.

38 and 41), where the border of the

mantle can be, and usually is, drawn
over the shell, though it is withdrawn _
(as it cannot be in Aplysia) when they

p,,,

are irritated. From the fact that

Aplysia commences its Ufe as a free-

swimming Veliger with a nautUoid

shell not enclosed in any way by the

border "of the mantle, it is clear that

the enclosure of the shell in the adult

is a secondary process. Accordingly,

the shell of Aplysia must not be con-

founded with a primitive shell in its

shell-sac, such as we find realized in

the shells of Chiton and in the plugs

which form in the remarkable tran-

sitory " shell-sac " or " sheU-gland " of Molluscan embryos

. 61.—Poiycero eristata,

one of the Pygobranchi-
ate OpisthobniDChs (dor-
eal view), a, anas ; frr,

the ctenidiom peculiarly
tnodiOed so as to encircle

the anus; (, cephalic ten-
tacles. External to the
branchial ctenidium are
seen ten club-like pro-
cesses of the dorsal wall,

these are the "cerata"
which are characteristic-
ally developed in another
snb - order of Opistho-
branchs, the Ceratonota
(see flg. 62, A). (From
Ge^enbaur, after Alder
and Hancock.)

rio. 62.

A. Eolit papulosa (Lin.), dorsal view, a, !i, posterior and anterior cephalic
tentacles ; c, the dorsal *' cerata " (hence Ceratobranchla):

R Teih-ya leporiTva^ dorsal view, a, the cephalic hood ; 6, cephalic tentacles
;

c, neck ; d, genital pore ; e, anus ; /, large cerata ; g, smaller cerata

;

h, margin of the foot
C. DorU iAclinocyclui) tubemlatiis (Cuv.X seen from the pedal snrtace. m,

mouth ; b, mar^ of the bead ; / sole of the foot ; sp, the mantle-like

epipodium.
D, E. Dorsal and lateral view of Elyiia (Actxon) viridit. ep, epipodlal out-

growths. (After Keferstein.)

(see figs. 7, 68, ancl 72***\ Aplysia, like other Mollusca,

10—24

develops a primitive shell-sac in Its trochosphere stage of

development (fig. 68), which disappears and is succeeded
by a nautiloid shell (fig. 60). This forms the nucleus of
the adult shell,

and, as the ani-

mal grows, be-

comes enclosed

by a reflexion of

the mantle-skirt.

In reference to

the possible com-
parison of the

enclosed shell of

Aplysia and its

allies with those

of some Slugs and
of Cuttle-fishes,

the reader is re-

ferred to the para-

graphs dealing

especially with
those MoUuscs.

When the shell

of an Aplysia

enclosed in

mantle is pushed
well to the left,

the sub-pallial

space is fully ex-

posed as in fig.

63, and the vari-

ous apertures of

the body are seen.

Posteriorly we

its ^°- 63.—-4ri»si<i leparina (cameliis, Cuvy, with epipodla
and mantle reflected away from the mid-line, a, an-
terior cephalic tentacle ; 6, posterior do. ; between a
and 6, the eyes ; c, right epipodium ; d, left epipo-
dium ; e, hinder part of visceral hump ; ^, postenor
extremity of the foot

; /a, anterior part of the foot
underlying the head

; g, the ctenidium (branchial
plume) ; h, the mantle-skirt tightly spread over the
homy shell and pushed with it towards the left side ;

i, the spermatic groove ; fc, the common genital pore
(male and female) ; (, orifice of the grape-shaped (sup-

A ; , -'-- j. ^^ tijg osphradium (olfac-

. ., , . 71, outline of part of the renal
sac (nephridium) below the surface ; o, external acer-
ture of the nephridium

; p, anus. - (Original.)

posed poisonous) gland ; ffl, the osph
lory organ of Spengel)

;

have the anus, in front of this the lobate gill-plume, be-

tween the two (hence cbrresponding in position to that of

the Azygobranchia) we have the aperture of the renal

organ. In front, near the anterior attachment of the gill-

plume, is the osphradium (olfactory organ) discovered by
Spengel, yeUowLsh in colour, in

the typical position, and overly-

ing an olfactory gangUon with
typical nerve-connexion (see fig.

20). To the right of Spengel's

osphradium is the opening of a
peculiar gland which has, when
dissected out, the form of a bunch
of grapes ; its secretion is said to

be poisonous. On the un(ier side

of the free edge of the mantle are

situated the numerous small cu-

taneous glands which, in the large

Aplysia camelia (not in other

species), form the purple secretion

which was known to the ancients.

In front of the osphradium is the

single genital pore, the aperture
„f .!,„ „ 1. t j-i Pio- »4.—Gonad, and accessory
01 the common or hermaphrodite ^ds and ducts of ApiyaisJ

duct. From this point there

stretches forward to the right

side of the head a groove— the

spermatic groove—down which
the spermatic fluid passes. In
other Euthyneura this groove may
close up and form a canal At
its termination by the side of the head is the mnscnlar
introverted penis. In the hinder part of the foot (not
shown in any of the diagrams) is the opening of a large

mucous-forming gland very often found in the Molluscan
foot.

vTovo-testis ; A, hermaphrodite
duct ; g, albumini parous glaj>d

;

/ vesicula BeminaUs ; it, open-
ing of the alburainiparoua gland
Into the hermaphrodite duct;
e, hermaphrodite duct (uterine

Sortion) ; &, vagina] portion of
le uterine doct ; «, eperma

theca ; d, its duct ; a, genital
pore. (C^ginal)
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With regard to internal orfcanizrttion we may commence

with the disposition of the renal organ (nephridiiim), the

external opening of which haa already been noted. The

position of this opening and other featuTM of the renal

organ have been determined recently by Mr. J. T. Cunning-

ham, FeUow of University CoUege, Oxford, who writes as

follows from Naples, Febniary 1883 :—

"Thero is considerable nncerwinty with respct to the names of

the species of Aolvria. Thcrf are two forms which are very common

in the Gulf of Naples, and which I have usod in studying the ana.

tomy of the renal organ in the gouus. One h q"ite black in colour,

and measures when outstretched ci^ht or nine Inches in length.

The other is light brown and somewhat smaller, its length usually

not exceeding seven inches. The first ia flaccid and sluggish in its

movements, and has not much power of contraction ; its epipodial

lobes are enormously developed and extend far forward along the

body , it gives out when handled an abundance of purple liquid,

which is derived from cutaneous glands situated on the under side

of the free edge of the mantle. In the Zoological Station thi-s form

ie known as Ap. leporina ; bat according to Blochmann it is iden-

tical with A. Camdus of Cuvier. The other species is A. depilaiis ;

it is firm to the touch, and contracts forcibly when Irritated ; the

secretion of the mantle-glands is not abuiid.int, and is milky white

in appearance. The kidney haa similar relations in both genera,

and is identical with the organ spoken of by many authors as the

triangular gland. Its superficial extent is seen when the folds

covering the shell are cut away and the shell removed ; the evtenial

surface forms a triangle with its base borJerin" the pericardium and

its apex directed posteriorly and reaching to the left-hand posterior

corner of the shell-chamber. The dorsal surface of the kidney

extends to the left beyond the shell-chamber beneath the skin in

the space between the" shell -chamber and the left epipodium.
" Wheu the animal is turned on its left-hand side and the mantle-

chamber widely opened, the gill being turned over to the loft, a

part of the kidney is seen beneath the skin between the attachment

of the gill and the right epipodium (fig. 63). On examination

this is found to be the under surface of the posterior limb of the

eland, the upper surface of which has just been described as Ijring

beneath the shell. In the posterior tlurd of this portion, close to

that edge which is adjacent to the base of the gill, is the external

openiug (fig. 63, o).

" When the pericardium is cut open from above In an animal

otherwise entire, the anterior face of the kidney is seen forming

the posterior wall of the pericardial chamber ; on tho deep edge of

this face, a little to the left of the attachment of the auricle to the

floor of the pericardium, is seen a depression ; this depression con-

tains the opening from the pericardium into the kidney.

"To complete Uie account of the relations of the organ : the right

anterior corner can b© seen superficially in the wall of the mantle-

chamber above the gill. Thus the base of the gill passes in a sUnt-

ijig direction across the right-hand side of the kidney, the posterior

end being dorsal to the apex of tho gland, and the anterior end
ventral to the right-hand corner.

"As so great a partof the whole surface of tlie kidney lies adjacent

to external surfaces of the body, the remaining; part which faces

the internal organs is small ; it consists of the left part of the under
eurface ; it is levtl with the floor of the pericardium, and lies over

the globular mass formed by the liver and convoluted intestine.

"Mere dissection does not give sufficient evidence concerning such
communications as these of the kiiiney ia Aplysia. I studied the

external opening by taking a series of sections through the sur-

rounding region of the gland ; to demonstrate the internal aperture

injected a solution of Berlin blue into the pericardium ; it did not

fill the whole kidney easily, but ran down into the part adjacent to

the base of the gilh
.'

Thus the renal organ of Aplysia w shown to conform to

the Molhtscan type. The heart lying within the adjacent

pericardium has the usual form, a single auricle and ven-

tricle. The vascular system is not extensive, the arteries

soon ending in the well-marked spongy tissue which builds

up the muscular foot, epipodia, and dorsal body-wall.

The alimentary canal commences with the usual buccal

mass ; the lips are cartilaginous, but not armed with horny

jaws, though these are common in other Opisthobranchs

;

the lingual ribbon is multidenticulate, and a pair of salivary

glands pour in their secretion. The oesophagus expands

into a curious gizzard, which is armed internally with large

horny processes, some broad and thick, others spinous, fitted

to act as crushing instruments. From this we pass to a

stomach and a coil of intestine embedded in the lobes of a

voluminous liver ; a caecum of large size is given off near

[OFISTHOBRANCHIA,

the comm«'ncement of the intestine The liver opens be

two ducts' uito the digestive tract.

The generative organs lie close to the coil of intestine

and liver, a little to the left side. When dissected out they

appear as represented in fig. 64 The essential reproductive

B

Fio 65 — Follicles of the hermaphrodlts Ronada of Enthynenrons Anljoplenra.

'a, of Helix ; B, of EoUdla. a ova; b, developing speramtozolds ; c com-

xnoD efferent dact.

organ or gonad consists of both ovarian and testicular

cells (see fig. 65). It is an ovo-testis. From it passes a
common or hermaphrodite duct, which very soon becomes

entwined in the spire of a gland—the albuminiparous gland.

The latter opens into the common duct at the point x, and

here also is a small diverticulum of the duct y. Passing

on, we find not far from the genital pore a glandular spherical

body (the spermatheca a) opening by means of a longisb

duct into the common duct, and

then we reach the pore (fig. 63,

k). Here the femaJe apparatus

terminates. But when the male

secretion of the ovo-testis is

active, the seminal fluid passes

from the genital pore along the

spermatic groove (fig. 63,) to

the penis, and is by the aid- of

that eversible muscular organ

introduced into the genital pore

of a second Aplysia, whence it

passes into the spermatheca,there

to await the activity of the fe-

male element of the ovo-testis of

this second Aplysia. After an

interval of some days—possibly

weeks— the ova of the second

Aplysia commence to descend

the hermaphrodite duct ; they

become enclosed in a viscid secre- Fio. 66. Enteric canal of Moiuia

tion at the point where the al- ^fZi if'b^pSp^d^e^
buminiparous sland opens into *. all of wiiich a« not figured -,

,, 1 ._ •
.. ^ • J -ii. -i f) h'nd gut; an, anus. (From,

tne QUCt intertwined Wltn it ; Oegenbaur. after Alder and Han-

and on reaching the point where '^'^*

the spermathecal duct debouches they are impregnated by
the spermatozoa which escape now from the spermatheca
and meet the ova.

The development of Aplysia from the egg presents many
points of interest from the point of view of comparative

embryology, but in relation to the morphology of the

Opisthobranchia it is sufficient to point to the occurrence

of a trochosphere and a veliger stage (fig. 60), and of a

sheU-gland or primitive shell-sac (fig. 68, shs), which is suc-

ceeded by a nautiloid shell.

The nervous system of Aplysia will be foimd on 'com-

parison of fig. 2(), which represents it, with our schematic

Mollusc (fig. 1, D; to present but little modification.^ It is

in fact a nervous system in which the great ganglion-pairs

are well developed and distinct. The Euthyneurous visceral

loop is long, and presents only one ganglion (in Aplysia

camelua, but two distinct ganglia joined to one another in
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Aplysia hybrida of the English coast), placed at its extreme

limit, repreaenting both the right and left visceral gangUa

and the third or abdominal ganglion, which are so often

separately present. The diagram (fig. 20) shows the nerve

connecting this abdomino-

visceral gangHdn with the

olfactory ganglion of Spen-

gel. It L3 also seen to be

connected with a more re-

mote ganglion—the genital.

Such special irregularities

in the development of gan-

glia upon the visceral loop,

and on one or more of the

main nerves connected with

it, are, as the figures of

Molluscan nervous systems

given in this article show,

very frequent. Our figure

of the nervous system of

Aplysia does not give the

small pair of buccal ganglia

which are, as in all Glosso-

phorous Molluscs, present

upon the nerves passing from the cerebral region to the

odontophore.

For a comparison of various Opisthobranchs, Aplysia will

be found to present a convenient starting-point. It is

one of the more typical Opisthobranchs, that is to say,

it belongs to the section Palliata, but other members of the

Palliata, namely, Bulla and Tomatella (figs. 52 and 63),

are less abnormal than Aplysia in regard to their shells and
the form of the visceral hiimp. They have naked spirally-

twisted shells which may be concealed from view in the

living animal by the expansion and reflexion of the epipodia.

Fio. 6".—Central nervons system of Fiona
(one of the Ceratonotous Opistho-
braschs), showing a tendency to fusion
of the great ganglia. A, cerebral, pleu-
ral, and visceral ganglia united ; B, pe-

dal ganglion ; C, buccal ganglion ; D,
cosophageal ganglion connected with the
buccal ; a, ner\-e to superior cephalic
tentacle ; 6, nerves to inferior cephalic
tentacles ; c, ner\'e to generative organs;
d, pedal nerve ; e, pedal commissure ; e*,

visceral loop or commissure (?). (From
Gegenbaur, after Bergh.)

Fia. 68.—Touny veliger larva of an Opisthobranch (Pleuro-branchidinm). m,
month : r, ciliated band marking off the velum ; ng, cerebral ganglion de-
veloping from epiblast, within the velar area ; ot, otocyst also developing
from epiblast ; / foot ; i, intestine ; ry, residual nutritive yelk ; ilia, primi-
tive shell-sac or shell-gland. (From Lankester.)

but are not enclosed by the mantle, whilst Tomatella is'

remarkable amongst all Euthjmeura for possessing an oper-

culum like that of so many Streptoneura.

The great development of the epipodia seen in Aplysia

is usual in Palliate Opisthobranchs ; it occurs also in El3'sia

(fig. 62, D) among Non-Palliata ; in Doris it seems prob-

able that the mantle-like fold overhanging the foot is to

be interpreted as epipodium, the mantle-skirt being alto-

gether absent, as shown by the naked position of the gills

and anus on the dorsal surface (figs. 61 and 62, C). The
whole surface of the body becomes greatly modified in

those Non-PaUiate forms which have lost, not only the

mantle-skirt and the shell, but also the ctenidium. Many
of these (Ceratonota) have peculiar processes developed

on the dorsal surface (fig. 62, A, B), or retain purely

negative characters (fig. 62, D). The chief modification of

internal organization presented by these forms, as compared
with Aplysia, is found in the condition of the alimentary
canaL The liver is no longer a compact organ opening
by a pair of ducts into the median digestive tract, but we
find very numerous hepatic diverticula on a shortened

axial tract (fig. 66). These diverticula extend usually one
into each of the dorsal papillae or " cerata " when these are

present. They are not merely digestive gl*ids, but •are

^sufficiently wide to act as receptacles of food, and in them
the digestion of food proceeds just as in the axial portion

of the canal. A precisely similar modification of the liver

or great digestive gland is foxmd in the Scorpions, where
the axial portion of the digestive canal is short and straight,

and the lateral ducts sufficiently wide to admit food into

the ramifications of the gland there to be digested ; whilst

in the Spiders the gland is reduced to a series of simple
cseca.

The typical character is retained by the heart, peri-

cardium, and the communicating nephridium or renal organ
in all Opisthobranchs. An interesting example 'of this is

furnished by the fish-like transparent Phyllirhoe (fig. 58),

in which it is possible most satisfactorily to study in the
living animal, by means of the microscope, the course of

the blood-stream, and also the reno-pericardial communi-
cation. With reference to the existence of pores placing

the vascular system in open communication with the

surrounding water, see the paragraph as to MoUusca gener-

ally. In a form closely allied to Aplysia (Pleurobranchus)

such a pore leading outwards from the branchial vein has
been precisely described by Lacaze Duthiers. No such pore

has been detected in Aplysia. In many of the Non-Palliate

Opisthobranchs the nervous system presents a concentra-

tion of the gangUa (fig. 67), contrasting greatly with what
we have seen in Aplysia. Not only are the pleural ganglia

fused to the cerebral, but also the visceral to these (see in

fuither illustration the condition attained by the Pulmonate
Limnaeus, fig. 22), and the visceral loop is astonishingly short

and insignificant (fig. 67, e). That the parts are rightly thus
identified is probable from Spengel's observation of the os-

phradium and its nerve-supply in these forms ; the nerve to
that organ, which is placed somewhat anteriorly—on the dor-

sal surface—being given ofi'from the hinder part (visceral) of

the right compound ganglion—the fellow to that markedA in

fig. 67. The Ceratonotous Opisthobranchs, amongst other
specialities of structure, are stated to pos.sess (in some cases

at any rate) apertures at the apices of the " cerata " or
dorsal papillae, which lead from the exterior into the hepatic

caeca. This requires confirmation. Some amongst them
(Tergipes, Eolis) are also remarkable for possessing

peculiarly modified epidermic cells placed in sacs at the

apices of these same papillae, which resemble the " thread-

cells " of the Planarian Flatworms and of the Coelentera-

The existence of these thread-cells is sufficiently remark-
able, seeing that the Non-Palliate Opisthobranchs resemble
in general form and habit the Planarian worms, many of

which also possess thread-cells. But it is not conceivable

that theirpresence is an indication of genetic affinitybetween
the two groups, rather they are instances of homoplasy.
The development of many Opisthobranchia has been
examined

—

e.g., Aplysia, Pletirobranchidium, Elysia, Poly-

cera, Doris, Tergipes. AU pass through trochosphere and
veliger stages, and in all a nautiloid or boat-Uke shell is

developed, preceded by awell-marked "shell-gland" (see figs.

60 and 68). The transition from the free-swimming veliger

larva with its nautiloid shell (fig. 60) to the adult form has
not been properly observed, and many interesting points as

to the true nature of folds (whether epipodia or mantle or

velum) have yet to be cleared up by a knowledge of such

development in forms like Tethys, Doris, Phyllidia, &c.
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As in other MoUuscan groups, we find even in closely-

allied genera (for instance, in Aplysia and Pleurobran-

chidium, and other genera observed by Lankester) the

greatest differences as to the amount of food-material by
which the egg-shell is encumbered. Some form their

Diblastula by emboly (fig. 7), others by epiboly (fig. 6)

;

and in the later history of the further development of the

enclosed cells (arch-enteron) very marked variations occur

in closely-allied forms, due to the influence of a greater or

less abundance of food-material mixed with the protoplasm

of the egg.

Order 2 (of the Euthyneura).—Pulmonata.

Characters.—Euthyneurous Anisopleurous Gastropoda,

probably derived from ancestral forms similar to the

Palliate Opisthobranchia by adaptation to a terrestrial life.

The ctenidium is" atrophied, and the edge of the mantle-skirt

is fused to the dorsal integument by concrescence, except at

one point which forms the aperture of the mantle-chamber,

thus converted into a nearly closed sac. Air is admitted

to this sac for respiratory and hydrostatic purposes, and it

thus becomes a lung. An operculum is never present ; a

contrast being thus afforded with the operculate Puimonate

Streptoneura (Cyclostoma, &c.), which differ in other

essential features of structure from the Pulmonata. The

Pulmonata are, Uke the other Euthyneura, hermaphrodite,

with elaborately-developed copulatory organs and accessory

glands. Like other Euthyneura, they have very numerous

small denticles on the lingual ribbon. The ancestral

Pulmonata appear to have retained both the right and the

left osphradia (Spengel's olfactory organs), since in some

(Planorbis, Auricularia) we find the single osphradium to

be that of the original left side, whilst in others (Limnaeus)

it is- that of the original right side.

In some Pulmonata (Snails) the foot is extended at right

angles to the visceral hump, which rises from it in the

form of a coU as in Streptoneura ; in others the visceral

hump is not elevated, but is extended with the foot, and

the shell is small or absent (Slugs).

The Pulmonata are divided into two sub-orders according to the

position of the cephalic eyea.

Snb-ordcr 1.

—

Basommatophma,

Oharaders.—Eyes placed mediad of the cephalic tentacles at their

base ; the embryonic velar area retained in adult life as a pair of

cephalic lobes (fig. 70, v) ; male and female generative aparturea

separate, placed (aa is typical in Anisoplenra) on the right side of

the neck ; visceral hump well developed, with a well-developed

shell ; aquatic in habit

Family 1.

—

Limnesidas.

Genera: LimntBus, Lam. (figs. 8, 4, &e.); Chilinia, Gray; Phyaa,

Drapam. ; Ancyfus, Geoff. ; Planorbis, Miill., &c.

Family 2.

—

AuricuXidm.

Genera : Auricula, lam. ; Conovuhis, Lam. ; Pilharella, Wood.

kc.
Sub-order 2.— Slytommalopfiora.

Ch/iraders.—Eyes placed on the summit of two hollow tentacles
;

visceral hump well or not at all developed ; shell large and coiled,

or minute or absent ; almost exclusively terrestrial.

Family 1.

—

Udicidw.

Genera: Helix, L. (figs. 69, A; 72*); Vitrijia. Drapam. , Sue-

cirua, Drapam. ; Bulimus, Scopoli ; Achatina. Lam. ; Pupa,

Lam. ; Cans' t'^, Drapam., &c.

Family 2.—I/macida (Slugs).

Genera : Limax, L. ; Incilaria, Benson ; Arion, Ftmssao (fig.

69, D) ; Parmacdla, Cuvier ; Testacella, Cuvier (fig. 69, C), ic
Family 3.

—

Oncidinuia.

Genera : Oncidium, Buchanan ; Peronia, Blainv. (fig. 72) ;

Fnginulus, Ferassac, &c.

Further Remarks on Pulmotiata.—The land-snails and

bIu^ forming the group Pulmonata are widely distingulslied

from a smalfset of terrestrial Azygobranchia, the Pneumo-

nochlamyda fsee abce), at one time associated with them

on accounfof their mantle^ihamber being converted, as in

Pulmonata, into a lung, and the ctenidium or branchial

plume aborted. The Pneumonochlamyda (represented in

England by the common geaua Cyclostoma) have a twisted

Fio. 69.—A series of Stylommatophorons Pnlmonata, showing tiansitionAl form*
between snail and slug.

A. Bdlx pomatia (from Keferstein).

B. Helicaphanta brevipes (from Keferstein, after Pfeiffer).

0. Testaxxlla haliotidea (from Keferstein).

D, Arion oter, the great Black Slag (from Keferstein).

a, Shell in A, B, C, shell-sac (dosed) In D ; i>, orifice leading Into the

subpallial chamber ^ung).

visceral nerve-loop, an operculum on the foot, a complex

rhipidoglossate or taenioglossate radula, and are of distinct

sexes ; they are, in fact, Azygobranchiate Streptoneura.

The Pulmonata have a straight visceral nerve-loop, nevei

an operculum (even in the embryo), and a multidenticulate

Fio. 70.—A, B, C. Three views of Limnaus etagnalts. In order to show tho
persistence of the larval velar area v, as the clrcumK>Tal lobes of the adolt.

171, mouth ; f, foot ; v, velar area, the margin v corresponding with th«
ciliated band which domarcatea the velar area or velum of the embryo (3a»-

tropod (see Bg. 4, D, E, F, H, I, v). (Original.)

radula, the teeth being equi-formal ; and they are hermaphro-

dite. Some Pulmonata (Limnaeus, &c.) live in fresh-waters

although breathing air. The remarkable discovery has

been made that in deep lakes such Limnaei do not breathe

air, but admit water to the lung-sac and live at the bottom.

The lung-sac serves undoubtedly as a hydrostatic apparatus

in the aquatic Pulmonata, as well as assisting respiration.

It is not improbable that here, and in other air-breathing

animals, the hydrostatic function was the primary one, and

the respiratory a later development.
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The same general range of body-form is shown in PuJ-

monata as in the Natant Azygobranchia and in the Opis-

thobranchia ; at one extreme we have Snails with coiled

visceral hump, at the other cylindrical or flattened Slugs

(see fig. 69). Limpet-like forms are also

found (fig. 71, Ancylus). The foot is al-

ways simple, with its flat crawling surface

extending from end to end, but in the

embryo Limnaeus (fig. 4, H) it shows a

bilobed character, which leads on to the

condition characteristic of Pteropoda.
^'vMiu,'^^'''l^^Mn.

The adaptation of the Pulmoiata to ter- fonn .Vquatic Poi-

restrial life has entailed little modification
'"'"^'"•

of the internal organization. The vascular system appears

to be more complete in them than in other Gastropoda,

fine vessels and even capillaries being present in place of

lacunae, iu which arteries and veins find their meeting-

point. The subject has not, however, been investigated

by the proper methods of recent histology, and our know-

Pia. 72.—Peronia Tonga, a littoral Pulmonate, found on the shores of the Indian
and Pacific Oceans (Mauxitiua, Japan).

ledge of it, as of the vascxilar system of Molluscs generally,

is most unsatisfactory. In one genus (Planorbis) the

plasma of the blood is coloured red by hemoglobin, this

being the only instance of the pre-

sence of this body in the blood of

Glossophorous Mollusca, though it

occurs in corpuscles in the blood

of the ^ivalves Area and Solen

(Lankester, 31).

The generative apparatus of the Jij

Snail (Helix) may serve as an ex-

ample of the hermaphrodite appa-

ratus common to the Pulmonata
and Opisthobranchia (fig. 72*).

From the ovo- testis, which lies

near the apex of the visceral coil,

a common hermaphrodite duct v.e

proceeds, which receives the duct

of the compact white albumini-

parous gland E.d., and then be:

comes much enlarged, the addi-

tional width being due to the

development of glandular folds,

which are regarded as forming a

uterus u. Where these folds ceaso

the common duct splits into two
portions, a male and a female. F10.72*.—Hennaphroditerepro-

The male duct v.d becomes fieshy
ductive apparatus of the>r.

and muscular near its termination

at the genital pore, forming the

'

penis p. Attached to it is a diver-

ticulum fl., in which the sperma-

tozoa which have descended from

the ovo-testis are stored and mo-
delled into sperm ropes or sperma-

tophores. The female portion of

the duct is more complex. Soon
after quitting the uterus it is joined by a long duct leading

from a glandular sac, the spermatheca {R.f). In this duct

and sac the spermatophores received in copulation from
another snail are lodged. In Hdix hortensis the sperma-

den Snail (Helij: hortensU).

'ovo-testis ; r.e, he^naphro-
dite duct ; E.d., albuminipar-
ous gland; «, uterine dilata-

tion of tile hermaphrodite
duct ; d, digitate accessory
glandjs on the female duct

;

p.s, calciferous gland or dart-
sac on the female duct ; RJ,
spermatheca or receptacle of
the epenn in copulatioUj open-
ing into the female duct ; v.d,

male duct (vas deferens); p,
penis

; /., flagellujn.

theca is simple. In other species of Helix a second duct
(as large in Uelix asj^evsa as the chief one) is given oflF from
the spermathecal duct, and in the natural state is closely-

adherent to the wall of the uterus. This second duct has
normally no spermathecal gland at its termination, which
is Simple and blunt. But in rare cases in Helic aspersa a
second spermatheca is found at the end of this second duct.
Tracing the widening female duct onwards we now come
to the openings of the digitate accessory glands d, d, which
probably assist in the formation of the egg-capsule. Close
to them is the remarkable dart-sac ps, a thick-walled sac,

in the lumen of which a crystalline four-fluted rod or dart
consisting of carbonate of lime is found. It is supposed
to act in some way as a stimulant in copulation, but pos-
sibly has to do with the calcareous covering of the egg-
capsule. Other Pulmonata exhibit variations of secondary
importance in the details of this hermaphrodite apparatus.
The nervous system of HeUx is not favourable as an

example on account of the fusion of the ganglia to form
an almost uniform ring of nervous matter around the
oesophagus. The Pond-Snail (Limn£eus) furnishes, on the
other hand, a very beautiful case of distinct ganglia and
connecting cords (fig. 22). The demonstration which it

aflFords of the extreme shortening of the Euthyneurous vis-

ceral nerve-loop is most instructive and valuable for com-
parison with and explanation of the condition of the nervous
centres in Cephalopoda, as also of some Opisthobranchia.
The figure (fig. 22) is sufficiently described in the letter-

press attached to it ; the pair of buccal ganglia joined by
the connectives to the cerebrals are, as in most of our figures,

omitted. Here we need only further draw attention to the
osphradium, discovered by Lacaze Duthiers (32), and shown
by Spengel to agree in its innervation with that organ in all

other Gastropoda. On account of the shortness of the
visceral loop and the proximity of the right visceral

ganglion to the oesophageal nerve-ring, the nerve to the
osphradium and olfactory ganglion is very long. The posi-

tion of the osphradium corresponds more or less closely
with that of the vanished right ctenidium, with which it is

normally associated. In Helix and Limax the osphradium
has not been described, and possibly its discovery might
clear up the doubts which have been raised as to the nature
of the mantle-chamber of those genera. In Planorbis, which
is dexiotropic (as are a few other genera or exceptional
varieties of various Anisopleurous Gastropods) instead of

being leiotropic, the osphradium is on the left side, and
receives its nerve from the left visceral gangUon, the whole
series of unilateral organs being reversed. This \s, as might
be expected, what is found to be the case in all " reversed "

Gastropods. It is also the case in the Pulmonate Auricula,
which is leiotropic.

The sheU of the Pulmonata, though always light and
delicate, is in many cases a well-developed spiral " house,"
into which the creature can withdraw itself ; and, although
the foot possesses no operculum, yet in Helix the aperture
of the shell is closed in the winter by a complete lid, the
" hybernaculum," more or less calcareous in nature, which
is secreted by the foot. In Clausilia a peculiar, medifica-

tion of this Ud exists permanently in the adult, attached
by an elastic stalk to the mouth of the shell, and known aa

the " clausilium." In Limnaeus the permanent shell is

preceded in the embryo by a well-marked shell-gland or
primitive sheU-sac (fig. 72***), at one time supposed to be
the developing anus, but shown by Lankester to be identical

with the " sheU-gland " discovered by him in other Mol-
lusca (Pisidium, Pleurobranchidium, Neritina, (fee). As in

other Gastropoda Anisopleura, this shell-sac may abnorm-
ally develop a plug of chitonous matter, but normally it

flattens out and disappears, whilst the cap-Uke rudiment of

the permanent shell is shed out from the dome-like surface



662 MOLLUSCA [PULMONATA.

of the visceral hump, in the centre of which the shell-sac

existed for a brief perioi

In ClausUia, according to the observations of Gegenbaur,

the primitive shell-sac does not flatten out and disappear,

but takes the form cl a flattened closed sac. Within this

closed sac a plate of calcareous matter is developed, and

after a time the upper wall of the sac disappears, and the

calcareous plate continues to grow as the nucleus of the

permanent shell. In the slug Testacella (fig. 09, C) the

shell-plate never attains a large size, though naked. In

other slugs, namely, Limas and Arion, the shell-sac remains

permanently closed over the .sheE-plate, which in the latter

genus consists of a granular mass of carbonate of lime.

The permanence of the primitive shell-sac in these slugs is

a point of considerable interest. It is clear enough that

the sac is of a diflerent origin from that of Aplysia.(described

in the section treating of Opisthobranchia), being primitive

instead of secondary. It seems probable that it is identical

with one of the open sacs in which each shell-plate of a

Chiton is formed, and the series of plate-like imbrications

which are placed behind the single shell-sac on the dorsum

of the curious slug, Plectrophorus, suggest the possibility

of the formation of a series of shell-sacs on the back of

th^t animal similar to those which we find 'in Chiton.

Whether the closed primitive shell-sao of the slugs (and

with it the transient embryonic shell-gland of all other

MoUusca) is precisely the . same thing as the closed sac in

which the calcareous pen or shell of the Cephalopod Sepia

•cm

Fia. 72**.—Comparative diagr.img of an embryo Slug, Limax Oeft), and an
embryo Cuttle-fish, Loligo (right), sft, intet-.al shell ; pfc, embryonic renal

organ (Stiebers canal) in Limax ; m(, edge oi .he mantle-flap in Loligo ; up,

cephalic eye ; (, cephalic tentacle ; m, position of the mouth ; Ft, the foot

;

it'll, the hinder part of the foot drawn out to form the funnel of Lohgo ; coti,

the contractile yelic-sac or hernia-like protrusion ol the mid-region of the foot,

corresponding to the line of closure of the blastopore in Limnseus. itf.B.

—

The Dlastopore in the embryo of Loligo, which, like that of a bird, is much
distorted by excess of food-yelk, dots close at the extremity of the yelk-sac

cDA. (OriginaL)

and its allies is formed, is a further question, which "we

shall consider when dealing with the Cephalopoda. It

is important here to note that ClausUia furnishes us

with an exceptional instance of the continuity of the shell

or secreted product of the primitive shell-sac with the

adult shell. In most other Mollusca (Anisopleurous

Gastropods, Pteropods, and Conchifera) there is a want of

such continuity; the primitive shell-sac contributes no

factor to the permanent shell, or only a very minute knob-

like particle (Neritina and Paludina). It flattens out and

disappears before the work of forming the permanent shell

commences. And just as there is a break at this stage,

so (as observed by Rrohn in Marsenia = Echinospira) there

^may be a break at a later stage, the nautiloid shell formed

on the larva being cast, and a new shell of a differert form

being formed afresh on the surface of the visceral hump.

It is, then,' in this sense that we may speak of primary,

secondary, and tertiary shells in MoUusca, recognizing the

fact that they may be merely phases fused by continuity

of growth so as to form but one shell, or that in other

cases they may be presented to n9 as separate indivil'ia'

thin<^, in virtue of the non-development of the later phases,

or in virtue of sudden changes in the activity of the mantle-

surface causing the shedding or disappearance of one phase

of shell-formation before a later one is entered upon.

The development of the aquatic Pulmonata from the

egg offers considerable facilities for study, and that of

Limnasus has been elucidated by Lankester, whilst RabI
has with remarkable skill applied the method of sections

to the study of the minute embryos of Planorbis. The
chief features in the development of Limnaeus are exhibited

in the woodcuts (figs. 3, 4, and 72***). There is not a
very large amount of food-material present in the egg of

this snail, and accordingly the cells resulting from division

are not so unequal as in many other cases. The four cells

first formed are of equal size, and then four smaller cells

are formed by division of these four so as to lie at

one end of the first four (the pole corresponding to

that at which the " directive coipuscles " dc are extruded

and remain). The smaller cells now divide and spread

over the four larger cells (fig. 3) ; at the same time a spaco

Fio. 72***.—Embryo of timnsnis acagnalis, at a stage when the Trochospftere

is developing foot and shell-gland and becoming a Veliger, seen as a transparent

object xmder slight pressure, ph, pharynx (etomodieal invagination) ; v, t>,

the ciliated band marking out the velum ; ng^ cerebral nerve-ganglion ; re,

Stieijel's canal Oeft side), probably an e\'anescent embryonic nephridium ; sft,

the primitive shell-sac or shell-gland
; pi, the rectal peduncle or pedicle oif

invagination, its attachment to the ectoderm is coincident with the hindmost
extremity of the elongated blastopore of fig. 3, C ; ige, mesoblastic (skeleto-

trophic and muscular) cells investing gs, the bilobed arch-enteron or lateral

vesicles of invaglnated endodenn, which will develop into liver ; /, the foot.

(Original.)

—^the cleavage cavity or blastocoel—forms in the centti

of the mulberry-hke mass. Then the large cells recom-

mence the process of division and sink into the hollow

of the sphere, leaving an elongated groove, the blastopore,

on the surface (fig. 3, C, and fig, 4, G). The invaginated

cells (derived from the division of the four big cells) form

the endodenn or arch-enteron ; the outer cells are the ecto-

derm. The blastopore now closes along the middle part of

its course, which coincides in position with the future "foot."

One end of the blastopore becomes nearly closed, and an

ingrowth of ectoderm takes place around it to form the

stomodaeum or fore-gut and mouth. The other extreme

end closes, but the invaginated endoderm cells remain in

continuity with this extremity of the blastopore, and form

the " rental peduncle " or " pedicle of invagination " of

liankester (see also the account and figures (fig. 151, A) of

the development of the bivalve Pisidium), although the

endoderm cells retain no contact with the middle region

of the now closed-np blastopore. The anal opening forms

at a late period by a very short ingrowth or proctodaeran

coinciding with the blind temunation of the rectal peduncle

(fig. 72***, pi).

The body-cavity and the muscular, fibrous, ana vascular

tissues are traced partly to two sjTmaetrically-^isposed'
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"mesoblasts," which bud off from the invaginated arch-

enteron, partly to cells derived from the ectodenn, which

at a very early stage is connected by long processes with

the invaginated endodenn, as shown in fig. 3, D. The ex-

ternal form of the embryo goes through the same changes

as in other Gastropods, and is not, as was held previously

to Lankester's observations, exceptional. When the middle

and hinder regions of the blastopore are closing in, an

equatorial ridge of ciliated cells is formed, converting the

embryo into a typical " Trochoaphere " (fig. 4, E, F).

The foot now protrudes below the mouth (fig. 4), and the

post-oral hemisphereof the Trochosphere grows morerapidly

than the anterior or velar area. The young foot shows a

bilobed form (fig. 4, D, /). Within the velar area the eyes

and the cephalic tentacles commence to rise up (fig. 4, D, t),

and on the surface of the post-oral region is formed a cap-

like shell and an encircling ridge, which gradually increases

in prominence and becomes the freely depending mantle-

skirt. The outline of the velar area becomes strongly

emarginated and can be traced through the more mature

embryos to the cephalic lobes or labial processes of the

adult Linmseus (fig. 70).

This permanence of the distinction of the part known
as the velar area through embryonic life to the adult state

is exceptional among Mollusca, ind is therefore a point of

especial interest in Limnffius. None of the figures of

adult Linmsus in recent works on Zoology show properly

the form of the head and these velar lobes, and accordingly

the figures here given have been specially sketched for the

present article. The increase of the visceral dome, its

spiral twisting, and the gradual closure of the space over-

hung by the mantle-skirt so as to convert it into a lung-sac

with a small contractile aperture, belong to stages in the

development later than any represented in our figures.

We may now revert briefly to the internal organisation

at a period when the Trochosphere is beginning to show a

prominent foot growing out from the area where the mid-

region of the elongated blastopore was situated, and having

therefore at one end of it the mouth and at the other the

Anus. Fig. 72*** represents such an embryo under slight

sompression as seen by transmitted light. The cihated

band of the left side of the velar area is indicated by a

line extending from w to w ; the foot/ is seen between the

pharynx ph and the pedicle of invagination pi. The mass

of the arch-enteron or invaginated. endodermal sac has

taken on a bilobed form (compare Pisidium, fig. 151), and
Its cells are swollen (gs and tge). This bilobed sac becomes
entirely the liver in the adult ; the intestine and stomach

are formed from the pedicle of invagination, whilst the

pharynx, oesophagus, and crop form from the stomodaeal

invagination ph. To the right (in the figure) of the

rectal peduncle is seen the deeply invaginated shell-gland

ss, with a secretion sh protruding from it. The shell-gland

is destined in Limnaeus to become very rapidly stretched

out, and to disappear. Farther up, svilhin the velar area,

the rudiments of the cerebral nerve-ganglion ng are seen

separating from the ectoderm. A remarkable cord of cells

having a position just below the integument occurs on each

side of the head. In the figure the cord of the left side is

seen, marked re. This paired organ consists of a string of

cells which are perforated by; a duct. The opening of the

duct at either end is not known. Such cannulated cells

are characteristic of the nephridia of many worms, and it

is held that the organs thus formed in the embrj-o Limnseus
are embryonic nephridia. The most important fact about
them is that they disappear, and are in no way connected
with the typical nephridium of the adult. In reference

to their first observer they are conveniently called "Stiebel's

canals." Other Pulmonata possess, when embryos, Stiebel's

canals in a more fully-developed state, for instance, the

common slug Limax (fig. 72**, pk). Hfere too they disap-

pear during embryonic life. Further knowledge concern-

ing them is greatly needed. It is not clear whether there

LB anything equivalent to them in the embryos of marine

Gastropoda or other Mollusca, the ectodermal cells called

" embryonic renal organs" in some Gtastropod embryos hav-

ing only a remote resemblance to them. The three pairs

of transient embryonic nephridia of the medicinal leech,

the ciliated cephalic pits of Nemertines, and the anterior

nephridia- of Gephyraeans, all suggest themselves for com-
parison with these enigmatical canals.

Marine Pvlnvmatai—Whilst the Pulmonata are essen-

tially a terrestrial and fresh-water group, there is one
genus of slug-hke Pulmonates which frequent the sea-

coast (Peronia, fig. 72), whilst their immediate congeners
(Onchidium) are found in marshes of brackish water. Sem-
per (33) has shown that these slugs have, in addition to

the usual pair of cephalic eyes, a number of eyes developed

upon the dorsal integument. These dorsal eyes are very

perfect in elaboration, possessing lens, retinal nerve-end

cells, retinal pigment, and optic nerve. Curiously enough,

however, they differ from the cephalic Molluscan eye (for

an account of which see fig. 118) in the fact that, as in
the vertebrate eye, the filaments of the optic nerve peh^
trate the retina, and are connected with the surfaces of the

nerve-end cells nearer the lens instead of with the opposite

end. The significance of this arrangement is not known,

but it is important to note, as sho^vn by Hensen, Hickson,

and others, that in the bivalves Pecten and Spondylus,

which also have eyes upon the mantle quite distinct from

typical cephalic eyes, there is the same relationship as in

Onchidiadas of the optic nerve to the retinal cells (fig. 145).

In both Onchidiadffi and Pecten the paUial eyes have prob-

ably been developed by the modification of tentacles, such

as coexist in an unmodified form nith the eyes. The
Onchidiadae are, according to Semper, pursued as food

by the leaping fish Periophthabnus, and the dorsal eyes

are of especial value to them in aiding -them to escape

from this enemy.

Class n.—SCAPHOPODA.
Characters.—Mollusca Glossophorawith the foot adapted

to a BUEROWKCG life in sand (figa. 73, 74, /). The body,

A of

Fro. 73.—Denlalium i-ulgare. Da C. (after Lacazo Duthiers). A. Ventral \ lew

of the ammal removed from its eheU. B. Dorsal view of the same. C. Late-

ral view of the same. D. Tlie shell In section. E. Surface \new of the shell

with gill-tentacles exserted as in lifo. a, mantle; a', longitudinal muscle;
a", fringe snrrounding the anterior opening of the mantle-chamber ; a"', the
posterior appendix of the mantle ; 6, anterior C'rcnlar mnsole of the mantle

;

a , posterior do, ; c, (f, longitudinal muscle of mantle ; e. liver ; /, gonad ; k.

buccal mass (showing through the mantle) ; a, left nephridinm; s*, club-shaped
extremity of the foot ; w, w', longitndinal blood-sinus of the mantle.

and to a much greater extent the mantle-skirt and the foot,

are elongated along the primitive antero posterior ("oro-.TriaF)
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axis, and retain, iDoth externally and in the disposition of

internal organs, the archi-MoUuscan bilateeal symmetry.

The margins of the mantle-skirt of opposite sides fright

and left) meet below the foot and fuse by concrescence

;

only a small extent in front and a small extent behind of

the mantle-margin is left unfused. Thus a cylindrical

FORM is attained by the mantle, and On its surface a ttjbd'-

LAR shell (incomplete along the ventral line in the youngest

stages) is secreted (fig. 73, D). The foot is greatly elon-

gated, and can be protruded from the anterior mantle-

aperture. It has a characteristic clavate form (fig. 74, /).

The pair of typical ctenidia are sjTnmetrically deve-

loped in the form of numerous gill-filaments (fig. 74, A, ^)

Fio. 74.—Dtagrama of the anatomy of DentaTium. A. The anterior portion of
the tubular mantle is slit open along the median dorsal liae, and its cut
margins (a) reflected so as to expose the foot, snout, and gills. B. Lateral
view with organs showing as though by transparftncy. C. Similar lateral

view to show the number and position of the nerve-ganglia and cords, o,

the mantle-skirt ; &, anterior free margin of the same ; c, hinder extension of
the mantle-skirt ; d, the appendi.^ of the mantle-skirt separated by a valve
from the peri-anal portion of the sub paliial chamber, h ; e, the snout or oral
process ; / the foot

; g, the ctenidial filaments ; ft, the peri -anal part Df the
8Ub- paliial chamber ; i, the peri-oral port of the same chamber ; ky the anus ;

L the left nephridium ; m, the mouth smrounded by pinnate tentacles ; n,

tile buccal mass and odontophore ; o, oesophagus ; p. the left lobe of the
liver; g.p, pedal ganglion-pair; g.c, cerebral ganglion-pair; g.pl, pleural
^nglion-pair

; g.v^ visceral ganglion-pair. Possibly further research will
Ethow that g.pi is the typical visceral ganglion-pair, and that ^.f is a pair of
olfactory ganglia placed on the visceral loop as in the Lipocephala according
to SpengeL

placed at the base of the cylindrical cephalic prominence
or snout (fig. 74, e). A pair of nepheidia (fig. 74, I) are

present, opening near the anus (fig. 74, k). The right

serves as a genital duct, the left is apparently renal in

function. The livee (p) is large and bOobed, the lobes

divided into parallel lobules. The nerve-gangua are

present (fig. 74, C) as well-marked cerebral, pleiu'al, pedal,

and visceral pair? the typical pleural pair being closely

joined to the cerebral. The visceral loop or commissure is

untwisted, that is to say, the Scaphopoda are EUTHYiTEcrE-

ous. Heart and distinct vessels are not developed ; a
colourless blood is contained in the sinuses and networks
formed by the body-cavity. The gonads are either male
or female, the sexes being distinct.

The embyro is remarkable for developing five ciliated

rings posterior to the ciliated ring and tuft characteristic

of the troohosphere larval condition of Molluscs generally.

These rings are comparable to those of the larva of Pneu-
modermon (fig. 84), and like them disappear.

The class Scaphopoda is not divisible into orders or

families. It contains only three genera : Dentalium, L. (figs.

73, 74); Siphonodentaliwn, Sars. ; and Entalium, Dfr.

They inhabit exclusively the sand on the sea-coast ir

depths of from 10 to 100 fathoms.

It is worthy of remark that the Scaphopoda constitute

among the Glossophora a parallel to the sand-boring forms

so common among the Lipocephala (such as Solen and Mya)

This parallelism is seen in the special mode of elongatior.

of the body, in the form of the foot, and in the tubular

form of the mantle brought about by the concrescence of

its ventral margins, as in the Lipocephala mentioned.

The cylindrical shell of Dentalium is also- comparable to

the two semi-cylindrical valves of the shell of Solen ; or,

better, to the tubular shell of .Aspergillum and Teredo.

Nevertheless, it is necessary to consider the Scaphopoda as

standing far apart from the Lipocephala, and as having no

special genetic but only a homoplastic relationship to them,

in consequence of their possessing a well-developed odonto-

phore, the characteristic organ of the Glossophora never

possessed by any Lipocephala.

Class m.—CEPHALOPODA.
Characters.—MoUusca Glossophora with the foot prim-

arily adapted to a FREE-swiMiirsa mode of life. The
archi-Molluscan bilaterax symmetry predominates both

in the external and internal organs generally, though in

many cases (especially the smaller forms) a one-sided dis-

placement of primitively median organs and a suppression

of one of the primitively paired organs is to be noted.

.An anteriob, MEDLiN, and posteeioe region of the

FOOT can be distinguished (fig. 75, (4), (5), (6)), corre-

sponding to but probably not derived from the pro-, meso-,

"^ ms. V jWi

|ijjijai|i;Li.ii.;.!ii..;iB.;.i,s.i, ...i.*.^-^

ff «/
Fio. 75.—Diagrams of a series of Molluscs to show the form of the foot and Ite

regions, and the relation of the visceral hump to the antero-posterior and
dorso-ventral axes. (1) A Chiton. (2) A Lamellibranch. (3) An Anisopleur-
ons Gastropod. (4^ A Thecosomatous Pteropod. (5) A OymnoiM'uuitous
Pteropod. (6) A Siphonopod (Cuttle). A, P, antero-posterior horizontal
*xia ; D, V» dorso-ventral verticaJ axis at ri^t angles to A. P ; o, mouth ;

a, anus; ms, edge of the mantle-skirt or flap; sj?, sub-palllal chamber or
space

; jT, 'fore-foot ; m/, mid-foot
; V> hind-foot ; ^ cephalic eyea ; cdy centro-

dorsal point (in C only).

and meta-podiiun of Gastropoda. The fore-foot invariably

has the head merged into it, and grows up on each side

(right and left) of that part so as to surround the mouth,
the two upgrowths of the fore-foot meeting on the dorsal

aspect of the snout,—whence the name Cephalopoda. In

the more typical forms of both branches of the class, the

peri-oral portion of the foot is drawn out into paired arm-
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like processes, either very short and conical (Clio, Eurybia),

or lengthy (Pneumodermon, Octopus) ; these may be beset

with suckers or hooks, or both. The mid-foot (fig. 75, mf)
IS expanded into a pair of muscular lobes right and left,

which either are used for striking the water like the wings

of a butterfly (Pteropoda), or are bent round towards one

another so that their free margins meet and constitute a

short tube,—the siphon or fimnel (Siphonopoda). The hind

foot is either very small or absent.

A distinctive feature of the Cephalopoda is the absence

of anything like the toksion of the visceral mass seen in

the Anisopleurous Gastropoda, although as an exception

this torsion occurs in one family (the Ltimacinidae).

The ANUS, although it may be a little displaced from

the median line, is (except in Limacinidae) approximately

median and posterior. , The mantle-skirt may be aborted

(Gymnosomatous Pteropoda) ; when present it is deeply

produced posteriorly, forming a large sub-pallial chamber
around the anus. As in our schematic Mollusc, by the side

of the anus are placed the single or paired apertures of the

NEPHEIDIA, the GENITAL APEKTTJEES (paired only in Nau-
tilus, in female Octopoda, female Ommastrephes, and male

Eledone), and the paired ctenidia (absent in all Pteropoda).

The viscEEAL HUMP Or dome is elevated, and may be very

much elongated (see fig. 75, (4), (5), (6)) in a direction

almost at nght angles to the primary horizontal axis (A-, P
in fig. 75) of the foot.

A SHELL is frequently, but not invariably, secreted on
the visceral hump and mantle-skirt of Cephalopoda ; but

there are both Pteropoda and Siphonopoda devoid of any
sheU. The shell is usually light in substance or lightened

by airKihambers in correlation with the free-swimming

habits of the Cephalopoda. It may be external, when it is

box-like or boat-like, or internal, when it is plate-like. Very
numerous minute pigmented sacs capable of expansion and
contraction, and known as chromatophores, are usually

present in the integument in both branches of the class. The
GONADS of both sexes are developed in one individual in some
Cephalopoda (Pteropoda), in others the sexes are separate.

Sense-organs, especially the cephalic eyes and the oto-

cysts, are very highly developed in the higher Cephalopoda.

The osphradia have the typical form and position in the

lower forms, but appear to be more or less completely

replaced by other olfactory organs in the higher. The
normal neeve-ganglia are present, but the connectives are

shortened, and the ganglia concentrated and fused in the

cephalic region. Large special ganglia (optic, steUate, and
Bupra-buccal) are developed in the higher forms (Siphono-

poda).

The Cephalopoda exhibit a greater range from low to

high organization than any other MoUuscan class, and hence
they are difficult to characterize in regard to several groups
of organs ; but they are definitely held together by the

existence in all of the encroachment of the fore-foot so as

Fig. 70. Fig. 77.

f 10. 76.—SpfriaZi5 huV\m.tyides, Soal., one of the Llmacinldse enlarged (from
Owen). C C, pteropodial lobes of the mid-toot ; /, operculum carried on the
hiDd-foot; 9, spiral shell.

Fio. 77. — Operculum of Splrialls enlargett

to surround the head, and by the functionally importanV
<~-lL0BATI0N OF THE MID-FOOT.

iG—24*

Two very distinct branches of the Cephalopoda are to

be recognized : the one, the Pteropoda, more archaic in

the condition of its bi-

lobed mid-foot, including

a number of minute, and
in all probability degen-

erate, oceanic forms of

simplified and obscure

organization ; the other,

the Siphonopoda, con-

taining the Pearly Nau-
tilus and the Cuttles,

which have for ages (as

their fossil remains show)
dominated among the in-

habitants of the sea, be-

ing more highly gifted

in special sense, more
varied in movement,
more powerful in pro-

portion to size, and more
Fig. 77a.— Cymbiiiin Peronii, Curler ^froni

"^""V ^^^\>y^^ vYiiii Owen). C, C, the expanded pteropodUll

destructive weapons of '°''^' °' wing-llke flns of the mid-foot

oflfence than any other marine organisms.

Branch a.—PTEROPODA.
Characters.—Cephalopoda in which the mid-region of

the foot is (as compared with the Siphonopoda) in its more
primitive condition, being

relatively largely developed

and drawn out into a pair

of wing-like muscular lobes

(identical with the two halves

of the siphon of the Siphon-

opoda) which are used as

paddles (see figs. 76-86). The
hind -region of the foot is

often aborted, but may carry

an operculum (figs. 76, 77).

The fore -region of the foot

(that embracing the head) is

also often rudimentary, but
may be drawn out into one
or more pairs of tentacles,

simulating cephalic tentacles,

and provided with suckers

(figs. 84, 85).

Though the visceral hump
is not twisted except in the

Limacinidae (fig. 76), there is

a very general tendency to

one-sided development of the

viscera, and of their external

apertures (as contrasted with

Siphonopoda). The ctenidia

are aborted, with the possible

exception of the proce.<!ses(fig.

85, c) at the end of the body
of Pneumodermon. The vas-

cular system resembles that

of the Gastropoda. The ne-

phridium is a single tubular fio. 76 stjiioia aciciia, lUng. ap. en

body corresponding to the '^{^t^.Z S^rSii.&o'lT^'S^
right nephridium of the typi- fou "f ""'« ; ' copuiatory organ

; %,

I
. '^ . . , • -.r 11 pointed extremity of the sheU ; 1, an-

cal pair 01 the archl-ilollUSC. (erlor margin of the shell; n, stomach-

The anal aperture is usually » """•> "• I'^^T'Todite gomid.

placed a little to the left of the median line, more rarely

to the right. In the Limacinidae it has an exceptional

position, owing to the torsion of the visceral mass, as in

Anisopleurous Gastropoda.
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Jaws and a lingual ribbon are present as in typical

Glossophora, the dentition of the ribbon and the number of

jaw-pieces presenting a certain range of variation. Sense-

c

Fig. 79.

Fio. 79,—Cai'oiinia triiUntata, Forsk. trom the MediterranMn, magnified two
diameters (from Owen), a, mouth ; ^, pair of ceph.^lic tentacles ; C, C, ptero*

podial lobes of the mid-foot ; d. median web connecting these ; e, e, processes

of the mantle-skirt reflected over the surface of the shell ; g, the ohell en-

closing the visceral hump ; h, the median spine of the shell.

Fio. 80.—Shell of Cavolinia tridentata, seen from the side. /, postero-doraal

surface ; ff, antero-ventral Burlkce ; A, mediaa dorsal spine ; i, mouth of the

shell.

organs are present in the form of cephalic eyes in very few

forms (Cavolinia, Clione, and in an undescribed form dis-

covered by Suhm during the " Challenger" Expedition) ; oto-

cysts are universally present. The osphradia are present

in typical -form, although the ctenidia are aborted ; only

one osphradium (the

right of the typical U i i, in. iiLsi,

pair) is present (fig.

87). The gonads are

both male and female

in the same individual.

The genital aperture is

single. Copulatory or-

gans, often of consider-

able size, are present

(fig. 86, .-).

The mantlfi-skirt is

present in one divi-

sion of the Pteropoda

(Thecosomata), and in

these an extensive sub-

pallial chamber is de-

veloped, the walls of

wliich in the absence

of ctenidia have a

branchial function. In

asecond division (Gym- Fio. si.-Embryo of cavolinia tridenlata(fTOi

nosomata), which com- ^^!?'"i ^^^'' ^'''•>; "• "'»,^' ,= {'
median portion

_'',.,, of the foot
;
pn, pteropodial lobe of the foot

:

pnseo lOrniS highly de- h, heart ; t, intestine ; or, otocyst
; j, shell ; r,

vplnnprl in rpo-nrrl tn nephridium ; s, cesophagus ; ir, sac containing"eiopea in regara lO nutritive yelk; mi), mantle-skirt; mc, sub-

the processes of the palUal chamber ; Kn, contractile sinus.

fore-foot, the mantle-skirt is aborted. A shell is developed
on the surface of the visceral hump and mantle-skirt of the
Thecosomata, whilst in the Gymnosomata, which have no
mantle-skirt, there is in the adult animal no shell. The
embryo passes through a trochosphere and a veliger stage

(fig. 81), provided with boat -like shell, except in some
Gymnosomata in which the Trochospherfe with its single

velar ciliated band becomes metamorphosed into a larva

which has three additional ciliated bands but no velum
(resembling the larva of the Scaphopod Dentalium) ; this

banded larva does not form a larval shell (fig. 84).

The Pteropoda are divided into two orders.

Order 1.—Thecosomata.

Chnrdcters.— Pteropoda provided with a mantle-skirt.

Scnl.,

, the body-wal!

removed, a, the mouth \ c, the pteropodial

lobes of the foot; /, the centrally-placed

hind-foot; d, U «, three pairs of tentacle-like

processes placed at the sides of the mouth,
and developed (in all probability) from the
fore-foot ; o', anuB ; y, genital poi'e ; i, wtractor
muscles ; o and p, the liver ; «, v, w, genitalia.

and with a delicate hyaline shell developed on the surface

of the visceral hump and mantle-ekirt ; visceral hump, and

consequently the shell,

spirally twisted in one

family, the Limacinidae;

shell often with con-

tracted mouth and di-

lated body, its walls

sometimes drawn out

into spine-like processes,

which are covered by
reflexions of the free

margin of the mantle

(CavoHnia, figs. 79, 80)., ^^^J|^«(^;J^\\x.'^'-/^^^ I

Family 1.

—

Cymhuliidm.
Genera : Tiedcmannia,

Chj. ; Ealopsyctie, The-
ceurybia (figs. 82, 83),

Cymbiilia, r. and L.

(fig. 7ra).

Family 2. — Conulariida
(fossil).

Genus : Conularia, Mill.

Fainily 3.— Tentaculitida}

(fossil). Fio. Sl.— Theceuryhta Gaudichaudii

Genera : TerUatulitcs, (fr"™ Owen}. Much enlarged

Schlth. ; Comulites,
Schlth. ; CoUoprion,

Sandb.
Family 4.

—

Hyaleidse.

Genera : Triptera, Q. and
G. ; Styliola, Les. (fig.

78) ; Balantium, Lch. ; Vaginella, Dand. ; Clcodora, P. and
L. ; Diacria, Gr. ; Fleuropus, Esch. ; Cavolinia, Gioni. (figs.

79, 80, 81).

Family 5.

—

Thecidm.
Genera : Theca, Low ; Pterotheca, Salt

Family 6.

—

Limacinids.
Genera : Eccyliomphalus, Porti. ; Heierofusus, Fig.

;

Spinalis, E. S. (fig. 76) ; Limacina, Cuv.

Order 2.

—

Gymnosomata.

Characters.—^Pteropoda devoid of mantle

-

skirt and shell ; tentacular processes of the

fore-foot well developed and provided with

suckers.

Family 1.

—

Pterocymodoctids.

Genus : Pterocymodoce, Kef. F'<=- 83.-SheU

Family 2.—GUonidie.
l\^ ^w/ott'

Genera: Cliodita, Q. and G. ; Clionop.ns, Trosch. ; ens is; thi
Clione, Pall. (fig. 86). loner flgmr

Family Z.—Pnemnod^rmidse.
teaTsS"^

""^

Genera : Trichocyclus, Esch. ; Spouffobrandiia,

d'Orb. ; Pneumodcrmopsis, Kef. ; Pneiimodormon, Cuv. (fig. 85).

Branch h.—SIPHONOPODA.
Cephalopoda in which the two primarity divergent right

and left lobes of the mid-region of the foot have their free

borders recurved towards the middle line, where they are

either held in apposition (Tetrabranchiata), or fu.sed with

one another to form a complete cylinder open at each end
(Dibranchiata). This fissured or completely closed tube is

the siphon (fig. 75, (6), mf) characteristic of the Siphor.o-

poda, and is used to guide the stream of water expelled

by the contractions of the walls of the V>ranchial chamber.

The pallial skirt is accordingly well developed and muscular,

subserving by its contractions not only respiration but
locomotion. The visceral hump is never twisted, and ac-

cordingly the main development of the pallial skir and
chamber is posterior, the excretory ajjertures, anus, and
gills having a posterior position; as in the archi-Moll sc.

At the same time the visceral hump is usually much elon-

gated in a direction corresponding to an oblique line be-

tween the vertical -dorso-ventral and the horizontal antero-

posterior axes (see fig. 75, (6)).
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The fore-part of the foot which surrounds the mouth, as

in all Cephalopoda, ia drawn out into four or five pairs of

lobes, sometimes short, but usually elongated and even fili-

flg. 84 Fig. 85.

Fio. 84.—LarvsB of PneumodermoB (from Balfour, after Gegenbaur). The
prsB-oral ciliated band of the trochosphere stage (velum) has atrophied. In

A three post-oral circlets of cilia are present. The otocysts are seen, and
the rudiments of a pair of processes growing from the head. In B the fore-

most ciliated ring has disappeared ; the cephalic region is greatly developed,

and, as compared with the adult (fig. 85), is Urge and free ; the pair of hook-

bearing processes on each side of the month are retractile, probably pert of

the fore-foot. At the base of the cephalic snout are seen the pair of arm-

like processes (fore-foot) provided with suckers, and behind these the broad
pteropodial lobes or wing-like fins of the mid-foot.

Flo. Sb.—Piuu7tU}dermon I'iolaceuvi, d'Orb. ; magnifiej five diameters, o, the
sucker-bearing arms ; b, the fins of the mid-foot (in the middle line, between
these, is seen the sucker-like mediaji portion of the foot, by means of which
the animal can crawl as a Gastropod) ; c, ihe four branchial processes. (After
Keferstein.)

form. These lobes either carry peculiar sheathed tentacles

(Nautilus), or, on the other hand, acetabuiiform suckers,which

may be associated with claw-like hooks (Dibranchiata):

The hind-foot is probably represented by the valve which

depends from the inner

wall of the siphon in

many cases.

A shell (figs. 89, 100)

is very generally present,

affording protection to

the visceral mass and
attachment for muscles.

It may be external or en-

closed in dorsal upgrow- Fro. se.—aione ioreai,

ing folds of the mantle,

which (except in Spirula)

close up at an early period

of development, so as to

form a shut sac in which

the shell is secreted. The
ctenidia are well deve-

loped as paired gill-plumes, serving as the e£Scient bran-

chial organs (figs. 101, 103,

and fig. 2, B).

The vascular system is

very highly developed ; the

heart consists of a pair of

auricles aixd a ventricle (figs.

104, 105) Branchial hearts

are formed on the advehent

vessels of the branchiae. It

is noi known to what extent

the minute subdivision of

the arteries extends, or

whether there is a true

capillary system.

The pericardium is ex-

tended so as to form a very

large sac passing among
the viscera dorsal wards and

sometimes containing the

ovary or testis—the viscero-

pericardial sac^which opens to the exterior either directly

magnified two
diameters.—postero-ventral aspect a, the
ceplialic region carrying a'—three pairs of
cephalic cones provided each with very nu-
merous minute sucker-like processes, and
surrounded by a hood-like upgrowth,

—

and h, the more elongated tentacles (the
retractile eye- tentacles are not seen, being
placed dorsally) ; c, the pteropodial tins

;

it, the median portion of the foot ; o, the
anus ; y, the vagina ; z, the penis. <Prom
Owen, after Eschricht.)

Vis.L

Fio. 87. —Enlarged diagram of the nerve-
centres of Piieumodermon (from gpen-
gel, after SoulcyetX Celt, right cere-
bral ganglion; P/.fi, right pleural
ganglion ;

/•«, right pedal ganglion

;

Vls.R.:, right visceral ganglion ; Vls.L.^
left visceral ganglion ; cpe^ right cere-
bro-pedal connective; cpi, right cei-e-

bro-pleural connective; Osp., osphra-
diuin connected by a nerve with the
right visceral ganglion.

or through the nephridia. It has no connexion with the
vascular Bjstem. The nephridia are always paired sacs,

the walls of which invest the branchial advehent veesela

(figg. 104, 108). They open each by a pore into the viscero-

Fio. SS.—Male (upper) and feniale (lower) specimens of Nautilus pytnpiU-'zi as
seen in the expanded condition, the observer looking clown on to the buccal
cone c ; one-third the natural eize linear. The drawings have been made
from actual specimens by A. G. Bourne, B.Sc., and serve to show the
natural disposition of the tentaculifarous lobes and tentacles of the circum-
oral portion of the foot in the living state, as well as the great differences
between the two sexes, a, the shell ; 6, the outer ring-like expansion {annular
lobe) of the circnra-oral mnscuiar mass of the fore-foot, carrjing nineteen
tentacles on each side—posteriorly this is enlarged to form the "hood"
(marked ^ in fig. £9 and m. in flgs. 90 and 91), giving off the pair of tentacles
marked g in the present figure ; c, the right and left inner lobes of the fore-

foot, each carrying twelve tentacles in the female, In the male BUbdi\ided
into p, the '* spadix " or hectocotylns on the left yide, and g, the " anti-spadix,

"

B group of four tentacles on the rigiit side,—it is thus seen that the subdivided
right and left inner lobos of the male correspond to the undivided right and
left inner lobes of the female; d, the inner inferior lobe of the fore-foot a
bilateral structure in the female carrying two groups, each of fourteen tenta-
cles, separated from one another by a lamellated organ n, supposed to be
olfectot^ in function—in the male the inner inferior lobe ol the fore-foot is

\ 'ry much reduced, and has the form of a paired group of lamell® (d in the
npper figure); c, the buccal cone, rising from the centre of the three inner lobes,

and fringing the protruded calcareous beaks or jaws with a series of minute
papillffl / the tentacles of the outer circum-oral lobe or annular lobe of the
fore-font projecting from their sheaths ; g, the two most posterior tentacles
of thi.- ".-.ies belonging to that part of tibe annular lobe which forms the
hood {>•. "n figs. 90 and 91); i, superior ophthalmic tentacle; fc, inferior

ophthaT'C tentacle ; ?, eye ; tn, paired laminated organ on each aide of th»
base of thfi inner inferior lobe id) of the female, probably olfactorj' in func-
tion ; n, o.ftctory lamellae upon the inner inferior lobe (in the female) ; o,

the siphon (.-.'d-foot)
, p, the spadix (in the male), the bectocoty'lized portion

of the left iii7;er lobe of the fore-foot representing four modified tentacles,

eight being :ef'; unmodified; q, the anti-spadix (in the male), being four o!

the twelve ten -acles of the right inner lobe of the fore-foot Isolated fhDm
the remaining eight, and representing on the right side the differentiated

spadix of the left side. The four tentacles of the anti-spadix are set, three
on one base and one on a separate base.

There are thus in the female, where they are most nnmerons, ninety-four
tentacles, thirty-eight on the outer annular lobe, four ophthalmic (a pair to
each eye), twehe on each of the right and left inner lobes, and twenty-eight
on the inner inferior lobe.

pericardial sac except in Nautilus, The anal aperture is

median and raised on a papilla. Jaws (iig. 88, e) and % Un-

gual ribbon (fig. 107) are well developed. The jaws have
the form of a pair of powerful beaks, either homy or calcified

(Nautilus), and are capable of inflicting severe wounds
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Sense-organs are highly developed ; the eye exhibits a
very special elaboration of structure in the Dibranchiata,

and a remarkable archaic form in the Nautilus. Otocysts
are present in alL The typ-^al osohradium is not present,

term hectocotylization is applied to this modification (see

figs. 88, 95, 96). Elaborate spermatoi)hore3 or sperm-ropes

are formed by all Siphonopoda, and very usually the female

possesses special capsule-forming and nidamental glands for

providing envelopes to the eggs (fig. 101, ^.».).

The egg of all Siphonopoda is large, and the

development is much modified by the presence

of an excessive amount of food-material difiiised

in the protoplasm of the egg-cell. Trochosphere
and veliger stages of development are conse-

quently not recognizable.

The Siphonopoda are divisible into two
orders, the names of which (due to Owen) de-

scribe the number of gill-plumes present ; but
in fact there are several characters of as great

importance as those derived from the gilL by
which the members of these two orders are

separated from one another.

Order 1.—Tetrahranchiata ( = Schizosiphona,

Tentaculifera).

Characters.— Siphonopodous Cephalopods
in which the inrolled lateral margins of the

mid-foot are not fused, but form a siphon by
apposition (fig. 101). The circum-oral lobes

of the fore-foot carry numerous sheathed ten-

tacles (not suckers) (fig. 88). There are two
pairs of ctenidial gills (hence Tetrabranchiata),

and two pairs of nephridia, consequently four

FTO 8P._Lste,^ view o. the female Pearly NautHn., contraeted by spirit and lying In Its shell,
"ephridial apertures (fig. 101). The viscero-

the nght half of which is cut away (from Gegenbaur, after Owen) o, visceral hump ; 6, por- pericaroial Cnam Der Opens by tWO indepenaent
tionofthefreeedgeofthemantle-skirtreflectedon to the shell,—Che edge of the nmnUe-sldrtor,prtiirp<» tn tlip PTtprior and not- intn tlipcan be traced do^Tjwards and forwards aniund the base of the mid-foot 0? siphon (;?,(, super- ^P^"'"^^^ ^° '"® CXteriOr aUQ nOt XntO Uie
ficial origin of the retractor muscle of the mid-foot (siphon), more or less tirinly attached to the nephndial sacs. There are twO OviductS
shell, of which a small piece (s) is seen between the letters 1,1; s (farther back) points to the /,:„i,(. „„ j i„fx\ ;„ tL„ t „I„ „„ J 4.„„ „„„™>
siphuncular pedicle, which is broken offshort and not continued, as in the perfect state, through ("gM and left) in tlie female and two Sperm-

J^tn?,?.!Sif^^K"*t^'P>™''Vl'''^=''!H'^'"° '""''*'* »''°"'^;°J'°'^'»*«ti>«'''8h^ in the male, the left duct in both
( IS placed near the extremities of the contracted tentacles of the oufer or annular lobe of the ,. ''"'= '"<"°> "-"^ *"^"' ""^^ *" """^
fore-foot,--the jointed tentacles are seen protruding a little from their long cyUndrical sheaths ; v, SexeS being rudimentary.
f„^f

?°'^?
« n7> n?,™?,^ *^ an enlarEement in this region of the annular lobe of the fore- A larfro p-rtpmal rIipII pitTipr rnilpr! or <itrni(T>itfoot (m, in Bgs. 90, 91) : V, a swelling oF the mantle-skirt, indicating the position on its inner ^ ^^^^ external Sneu eitner COUed Or Straignt

face cf the mdamentai gland (see Bg. 101, g.n.). IS present, and is not enclosed by reflexions of
except in iNautilus, but other organs are present in the the mantle-skirt, except such narrow-mouthed shells as

that of Gomphoceras, which were probably enclosed by the

Pio. 00.—Spirit specimen of female Pearly Nautilus, removed from its shell,

and seen from the antero-dorsal aspect (drawn from nature by A. G.
Bourne), m., the dorsal "hood " formed by the enlargement of *h> outer or
annular lobe of Wie fore-foot, and corresponding to the sheaths of two tenta-
cles {g, g in fig. 88) ; n., tentacular sheaths of lateral portion of the annular
lobe : u., the left eye ; 6., the nuchal platfi, continuous at its right and left

posterior angles with the root of the mid-foot, and corresponding to. the
nuchal cartilage of Sepia ; c, visceral hump ; d., the free margin of the
manlle-skii-t, the middle letter d. points to that portion cf the mantle-skirt
which is reflected over a part of the sh^U as seen in lig. 89, ft ; the cup-like
fossa to which 6. and d. point in the present figure is occupied by the coil of
the shell; g.a. points to the lateral continuation of the nuchal plate b. to
join the root of the mid-foot or siphon.

cephalic region, to which an olfactory function is ascribed

both in Nautilus and in the other Siphonopoda.
The gonads are always separated in male and female

individuals. The genital aperture and duct is sometimes
single, when it is the left ; sometimes the typical pair is

developed right and left of the anus. The males of nearly

all Siphonopoda have been shown to be characterized by a
peculiar modification of the arm-like processes or lobes of

the fore-foot, connected with the copulative function. The

Pio. ffl.—Lateral view of the same specimen as that drawn in flg. 00. Letters
as in that figure with the following additions

—

e points to the concave margin
of the mantle-skirt leading into the sub-pallial chamber

; g, the mid-foot or
siphon ; A', the superficial origin of its retractor muscles closely applied to
the shell and serving to hold the animal in its place ; i, the siphuncular pedicle
of the visceral hump broken off short ; v p, the superior and inferior ophthal-
mic tentacles.

mantle as in the Dibranch Spinila. The shell consists of

a series of chambers, the last formed of which is occupied
by the body of the animal, the hinder ones (successively

deserted) containing gas (fig. 89).

The pair of cephalic eyes are hollow chambers (fig. 118,

A) opening to the exterior by minute orifices (pinhole

camera), and devoid of refractive structures. A pair of

osphradia are present at the base of the gills (fig. 101, a!/).

Salivary glands are wanting. An ink-sac is not present.

Branchial hearts are not developed on the branchial adve-

hent vessels.
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Family 1.

—

XautiUdm.
Genera : WrUioccras], Breyn. ,

[Cijriocfias], Goldfuss ; [Omnji!io-

ceras], lltinster
;
[Pliragnwccms], Brod. ;

[Oi/roc/rns], ilcjer :

[Ascocrraa], Barraude
;
[Oneocrnr^], Hall, [LtfitUcs]^ Breyn.;

[TrexJwceras], Barraude ; Xautiliis, L. (figs. 88, 89, 90, &c ) ;

[Clymenui], Miinst.
,
[Kotkoeeras], Barraude.

Family 2.

—

AmaionUidm.
Genera: [BactrUes], Sanderg. ;

[Ooniatites], de Haan ; [Khabdo-
eeras], Hauer ;

[ClydoiiiUs], Hauer
;

[Coehloccras], Hauer

;

[Biuulina], d'Orb.
;
[Ctratitcs], de Haan; [BaculiUs\ Lam.

;

[Toxocfraj], d'Orb.
;
[Cfioccras], Leveille

;
[Aj'cAowras], d'Orb.

;

[Hamites], Parkinson; [Ancyloceras\ d'Orb; [Scaphitca],

Parkinson; [Ammonitca], Breyn.; [TiirrilUea], Lam.
;
[Belio-

ccras], d'Orb.
;
[Hderoccras], d'Orb.

i>.B.—The names in brackets are those of extinct genera.

Order 2.—Dibranchiata ( = Holosiphona, Acetabulifera).

Characters.—Siphonopodous Cephalopods in which the

inflected lateral margins of the mid-foot are fused so as to

form a complete tubular siphon (fig. 96, i). The circum-

oral lobes of the fore-foot carry suckers disposed upon them
in rows (as in the Pteropod Pneumodermon), not tentacles

(see figs. 92, 95, 96). There is a single pair of tjrpical

ctenidia (fig. 103) acting as gills (hence Dibranchiata), and

Tto. Vi:—Sepia ojlcinalis. L., half the natural hU^. as seen when dead, tiielong

preheBsile arms being withdrawn from the pouches at the side of the head.

In whicll they are carried during life when not actually In use. fl, neck

;

b, lateral fln of the mantlasao ; c, the eight shorter anns of the tore-foot : d.

tiie two long prehensQe arms ; e, the eyes.

a single pair of nephridia opening by apertures right and

left of the median anus (fig. 103, ?), and by similar internal

pores into the pericardial chamber, which consequently does

not open directly to the surface as iu Isautilus. The ovi-

ducts are sometimes paired right and left (Octopoda),

sometimes that of one side only is developed (Decapoda,

pxcept Ommastrephes). The sperm-duct is always single

except, according to Keferstein, in E'edone moschaia.

A plate-liko shell is developed in & closed sac formed by

the mantle (figs. 98. 99), except in the Octopoda, which have

none, and in Rpirula (f;.'. 100, D) and the extinct Belemni-

tidas, which have a sir.jll cbiml^'iiU sboll resembling that

of Nautilus with or without the addition of plate-like and
cylindrical accessory developments (fig. 100, C).

The pair of cephalic eyes are highly-developed vesicles

with a refractive lens (fig. 1 20), cornea, and lid-folds,—the

vesicle being in the embryo an open sac like that of Nautilus

(fig. 119). Osphradia are not present, but cephalic olfac-

tory organs are recognized. One or two pairs of large

salivary glands with long ducts are present. An ink-sac

formed as a diverticulum of the rectum and opening near

the anus is present in all Dibranchiata (fig. 103, t), and has

been detected even in the fossil Belemnitidso. Branchial

hearts are developed on the two branchial advehent blood-

vessels (fig. 104, vc', vi).

The Dibranchiata are divisible into two sub-orders, accord-

ing to the number and character of the arm-like sucker-

bearing processes of the fore-foot.

Fio. 03.—Decflpodons Siphonopods; one-fourth the natural size Unear. A.

Lhelrolevlhts (Vrn/iji. d'Orb. (from the Meilitprranean). B. ThyMiwttuthi}

Tluimbtis, Troschel (from Messina). C. LoUeopsis cydura, Ftr. and d'Orb.

(from the Atlantic Ocean).

Suborder 1.

—

Dccajmla.

nmraders.—Dibranchiata with tlie fore-foot drawn out into

eight shorter and two longer arms (ijreliensile arms), the latter being

iilaced right and left between the third and fourth shorter arms.

The suckers are stalked and strengthened byahoniyiin". The
eyes are large and have a horizontal in place of a sphincter-Tike liJ

The body is elongated and provided with lateral fins (laiiielliform

expansions of the mantle). The mouth has a buccal nieiubrane.

The mantle-margin is locked to the base of the siphon by a sjiccially-

developed cartilaginous apparatus. Numerous water-poies are pro-

sent in the head and anterior region of the body, leading into re-

cesses of the integument of unknown significance. The oviduct is

single ; large nidaniental glands are present. The viscero-pericar-

dial space is 'argc, and lodges the ovary (Seiiia). Tlieie is alwaya

8 shell present whiih is enclosed by the upgrowth of the mantle,

so as to become " internal.''

Section f.—D'capoda Caldjihorn.

Characlcr —Internal shell calcareous.

Family 1.

—

Spindidm.
Genus: Splriiln, Lam. (fig. 100, D).

Family 2.

—

Bclonnitulse.

Genera : [Spiruliroslm], d'Orb. (fig. 100, C) : [Bcloplrral Desh.

;

[Belcvinosial Edw. ; [Coiiu(eiit/iis], d'Orb. (fig. 100. A); [Aenn-

thoteulhis], R. Wag.; [Bclcmnit0s\, Lister, 1678: {BeUm,niUUa\

d'Orb.
;
[Xijiholeiilhis), lluxley.

Family 3. —Sepiadm.
Genera: Sqiia, L. (figs. 92, 98, S:c.); {Bdosepia], Voltz ; Cocco-

UiUhis, Owen.
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Section b.—Decapoda Ohondrophora.

CAaraaer.—Internal shell horny.

Sub-section o.

—

Myopsida (d'Orh.)-

Eye with closed cornea, so that the surrounding water does not

ioach the lens ; mostly frequenters of the coast

Family 1.

—

Loligida.

Genera: l,oUgo, Sctineid. (figs. 99, &c.); LoHolus, Steenstrup

;

Scpiolcuthia, BIt. ;
[Taithopsis\ Desl. ;

[LepU>teiUhis\ Meyer;
[BeUmnosepid], Ag. ;

[Belot^uthia], Munst
Family 2.—Sepiolidm.

Genera : Sepiola, Schneid. ; JRoeaia, Owen.

Sub-section /3.

—

Oigopsidm (d'Orb.).

Eye with open cornea, po that the surrouBding water bathes the

anterior surface of the lens ; mostly pelagic animals

Family 3.

—

Cranchiadm.
Genus : Crcmchia, Leach (fig. 94, C).

Family 4.

—

Loligopsidse.

Genus : LoHjopsis, Lam. (fig. 93, C).

Family 5.

—

Chcirotevthidss.

Genera : Cheiroteuthis, d'Orb. (fig. 93, A) ; Sistioteuthis, d'Orb.

Family 6.

—

Thysanoteuthids.

Genus : Tliysanoteuthis, Troschel (fig. 93, B).

"Family 7.

—

Onychotcuthidm.

Genera : Oonalus, Gray ; Onycholeuthis, Lichtenst (fig. 97) ; Ony-
chia, Lesueur; Enoploteuthis, d'Orb. , Veranya, Krohn

;
[Plesio-

teitthis], A. Wag. ; [Celssno\, Miinst. ; Vosidicus, Steenstrup
;

Ommastrephes, d'Orb.

Sub-order 2.

—

Octopoda.

vaaracters.—Dibranchiata with the fore-foot drawn out into eight

knns only; suckers sessile, devoid of homy ring; eyes small, the

Fio. 94.—Octopodoua SIphonopods ; one-fonrth the natuml size linear. A.
Finnoctopus ordi/ormis, Qaoy, and Gain (from Now Zealand). B. Xremoo*
topui violaceus, Ver. (from tho Mediterranean). C. Cranchia ecabra, Owen
(from tho Atlantic Ocean ; one of the Decapoda). D. CtrrhoteuthU UMlltTi,

Each, (from the Greenland coast).

onter skin can be closed over them by a sphincter-like movement.
The body is short and rounded ; tho mantle has no cartilaginous

locking apparatus, and is always fused fro the head dotsaJUy by a

broad nuchal band. No buccal membrane surrounds the mouth.
The siphon is devoid of valves. The oviducts are paired ; there are

no nidamental glands. The viscero-pericardial space is reduced to

two narrow canals, passing from the nephridia to tho capsule of the

genital gland. There ia no shell on or in the visceral hump.

Family 1.

—

Cirrholeuthidee.

Genus : Cirrhoteuthis, Esok (SciadepTiorue, EoinK) (fig. 94, D).

Family 2.—Octopodidei.

Genera : Pinnodopiis, d'Orb. (fig. 94, A) ; Odopua, Lam. (fig. 9B)

;

Scmurgus, Trosch. ; Eledone, Leach ; Bolitmna, Steenstrup.

(amuy ».

—

yhilonexidee.

Genera: Tremoctopus, Delle Chiajc (Pkilonexis, d'Orb.) (fig. 94,

B) ; Parasira, Steenstrup {Octopus catcnulalus, F^r. , is the

female, and Octopus carena, Ver. , is the male of the one species

of this genus according to Steenstrup (fig. 96) ) ; Argonauta, L.

(the shell of this genus is formed only in the female by the

expanded ends of tlie two large " arms " of the fore-foot).

Fio. 95.—a Male Bpecimen of Octojnis gnrnlandlfftts, with ttie t3ih*d arm nf the

right aide hectocotylized. B. The extremity of the hectocotyli^ed arm
magnified.

*

Further R^marhs on the Cephalopoda.—In order to give

a more precise conception of the organization of the Cephalo-

poda in a concrete form we select the Pearly -Nautilus for

further description, and in pass-

ing its structure in review we
shall take the opportunity of

comparing here and there the

peculiarities presented by that

animal with those obtaining in

allied forms. In the last edition

of this work the Pearly Nautilus

was made the subject of a de-

tailed e"xposition by Professor

Owen, and it has seemed accord-

ingly appropriate that- it should

be somewhat fully treated on

the present occasion also. The
figures which illustrate the pre-

sent description are (excepting

fig. 89) original, and prepared

from dissectious (made under the

direction of the writer) of a male

and female Nautilus pompilius,

lately purchased for the Mu.seum

of University College, London.

Visceral Hump and Shell.—
The visceral hump of Nautilus

(if we exclude from considera-

tion the fine siphuncular pedicle f.|o. 06.—Male of ParaHra catmu-

which it trails, as it were, behind 'Z'.^llZS^lSSoo?;^
arm. (i, ^, f*. t*, the first, eeoond,

third, and fonrth arms or pro-

cesses of the fore-foot : A, the

third arm of the right side hecto.

cotylized ; x, the apical sac of tho

liectocotylized arm
; y, the flla-

juc't which Issues from the sao

wbnn development is complete

;

i, the siphon. (From Gegenbanr.)

it) is very little, if at all, afi'ected

by the coiled form of the shell

which it carries, since the animal

always slips forward in the shell

as it grows, and inhabits a cham-

ber which is practically cylindri-

cal (fig. 89 ). Were the deserted chambers thrown off mstead

of being accumulated behind the inhabited chamber as a

coiled series of air-chambers, we should have a more correct

indication in the shell <if the exteui, and form of the animal's
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-d^l

body. Amongst Gastropods it is not very unusual to find

the animal slipping forward in its shell as growth advances

and leaving an unoccupied chamber in the apex of the shell.

This may indeed become shut off from the occupied cavity

by a transverse septum, and a series of such septa may be

formed (fig. 42), but in no Gastropod are these apical

chambers known to contain a

gas during the life of the

animal in whose shell they

occur. A further peculiarity

of the Nautilus shell and of

that of the allied estinct Am-
monites, Scaphites, Orthoceras,

tc, and of the living Spirula,

is that the series of deserted

air-chambers are traversed by

b cord-like pedicle extending

from the centro-dorsal area of

the visceral hump to the small-

est and first-formed chamber of

the series. No structure com-

parable to this siphuncular

pedicle is known in any other

MoUusca. Its closest repre-

sentative is found in the so-

called "contractile cord" of

the remarkable form Ehabdo-
pleura, referred according to

pre^nt knowledge to the Poly-

zoa. There appears to be no
doubt that the deserted cham-
bers of the Nautilus shell con-

tain in the healthy living

animal a gas which serves to

lessert {he specific gravity of

thfc whole organism; The gas

is said to be of the same com-

position as the atmosphere,

with a larger proportion of

nitrogen. With regard to its

origin we have only conjec-

tures. Each septujri shutting

off an air-containing chamber

is formed during a period of

quiescence, probably after the

reproductive act, when the vis-

ceral mass of the Nautilus may
be slightly shrunk, and gas is

secreted from the dorsal inte-

gument so as to fill up the

spax;e previously occupied by
the animaL A certain stage

is reached in the growth of

the animal when no new cham-

bers are formed. The whole

process of the loosening of the

animal in its chamber and of

its slipping forward when a
new septum is formed, as well as the mode in which the

air-chambers may be nsed as a hydrustatio cppomtos, and
the relation to this use, if any, of the siphuncular pedicle,

is involved in obs'^'uity, and is the subject of much in-

genious speculation. In connexion with the secretion of

gas by the animal, besides the parallel cases ranging from

the Protozoon Arcella to the Physoclistic Fishes, from

the Hydroid Siphonophora to ike insect-larva Corethra,

we have the identical phenomenon observed in the closely-

allied Sepia when recently hatched. Here, in the pores

of the internal rudimentary shell, gas is observable, which

haa necesaarily been liberated by the tissues which secrete

rf-^

Pio. 97.—Head and clrcTim-oral pro-
cesses of the fora-foot of Onycho-
teuthia (from Oweii). a, neck :" 6,

eye ; c. the eight short arms ; J, long
prehensile arms, the clavate extre-

mities of which are provided with
BQckcrs at g, and with a double row
of hooka beyond at / The tempo-
rary contunctlon of the arms oy
means of the suckers enables them
to act In combination.

the shell, and not derived from any external source

(Huxley).

The coiled shell of NautOna, and by anfclogy that of the

Ammonites, is pecuhar in its relation to the body of the

animal, inaemucb as the curvature of the coil proceeding

Fig. 98. Pig. «9.

Pio. 93.—The calcareonB Internal eteH of SepJa t^oteofla, the s9-called cnttl»

bone, a, lateral expanaioa ; ft, anterior cancellated region ; c, laminated

region, the laminie enclosing air.

Fio. 99.—The homy Internal shell or gladloa or pen of LoUgo.

from the centro-dorsal area is towards the head or forward,

instead of away from the head and backwards as in othar

discoid coiled shells such as Planorbis ; the coil is in fact

absolutely reversed in the two cases. Amongst the extinct

allies of the Nauti-

lus (Tetrabranch-

iata) we find shells

of a variety ot

shapes, open coils

such as Scaphites,

leading en to per-

fectly cylindrical

shells with chamber
succeeding cham-
ber in a straight

line (Orthoceras),

whence again wo
may pass to the

cork-screw spires

formed by the shell

of TurrUites.

Whilst the Tetra-

branchiata, so far as

we can recognize

their remains, are

characterized by
these large chambered shells, which, as in Nautilus, were

with the exception of some narrow-mouthed forms such

as Gomphoceras but very partially covered by reflexions

of the mantle-skirt (fig. 89, J), the Dibranchiata present

an iniereetiug series of gradations, in which we trace

—

,{a) the diminution in relative size of the chambered

shell; (b) its complete investilore by reflected folds of

the mantle (Spiruia, fig. 100, D)j (c) the concrescence

Fio. 100.—Internal sheila of Cephalopodo SiphoBO
poda. A Shell of CoTWlenOtis dupiniana, d'Orb.

(from the Neocomlan of France)! B. Shell of

Sepia orbigntana. Fir. (MedlterraneanX C. Shell

of Spirulirostm Bellardii, d'Orb. (from the Jllo-

Mce of Turin). The specimen la cut so aa to show

In section the chambered shell and the laminated

•'gnard** deposited upon its eorface. D. Shell U
Spiruia UbvU, Gra^ (New Zealand).
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of the lolds of tb? mantle to form a defiuitely -closed

bhell-sac
;

(d) the secretion by these mantle-folds or walls

of the shell-sac of additional laminae of calcareous shell-

substance, which invest the original shell and completely

alter its appearance (Spirulirostra, tig. 100, C; Belemnites)

;

'f) the gradual dwindling and total disappearance of the

original chambered shell, and survival aloue of the calcare-

ous laminae deposited by the inner walls of the sac (Se|.ia,

fig. 100, B) ; (/) the disappearance of all calcareous sub-

stance from the pen or plate which now represents the

contents of the shell-sac, and its jiersistence as a horny

body simply (Loligo, fig. 99); (<j) the total disappearance

of the shell-sac itselJ, and consequently of its pen or plate,

nevertheless the rudiments of the shell-sac appearing in

the embryo and then evanescuig (Octopus). The early

appearance of the sac of the mantle in which the shell is

enclosed, in Dibranchiata, has led to an erroneous identifi-

cation of this sac with the primitive shell-sac of the archi-

Mollusc (fig. 1), of Chiton (fig. 10, A), of Arion (fig. 69,

D, a), and of the normally-developing MoUusean embryo

(figs. 68 and 72***, sh). The first appearance of the shell-

sac of Dibranchiata is seen in figs. 121 and 122, its forma-

tion as an open upgrowth of the centro-dorsal area of the

embryo having been demonstrated by Lankester (34) in

1873, who subsequently showed (35) that the same shell -sac

appears and disappears without closing up in Argonauta

and Octopus, and pointed out the distinctness of this sac

and the primitive shell-gland. The shell of the female

Argonauta is not formed by the visceral hump, but by the

enlarged arms of the foot, which are in life always closely

applied to it.

The shell of such Pteropoda as have shells (the Thecoso-

mata) is excessively light, and fits close to the animal, no

air-chambers being formed. It is important to note that

in this division of the Cephalopoda there is the same tend-

ency, which is carried so far in the Dibranchiate Siphono-

pods, for the mantle-skii-t to be reflected over and closely

applied to the shell (e.g., Cavolinia, figs. 79 and 80). But

in Pteropoda there is no complete formation of a closed

sac by the reflected mantle, no thickening of the enclosed

shell, no dwindling of the original shell and substitution

for it of a laminated plate. The variety of form of

the glass-Uke shells of Pteropoda is a peculiarity of that

group.

Head, Foot, Mantle-skirt, and Sub-pallial Chamber.—In

the Pearly NautUus the ovoid visceral hump is completely

encircled by the free flap of integument known as mantle-

skirt (fig. 91, d, e). In the antero-dorsal region this flap

is enlarged so as to be reflected a little over the coil of the

shell which rests on it. In the postero-ventral regicn the

flap is deepest, forming an extensive sub-pallial chamber,

at the entrance of which e is placed in fig. 91. A view of

the interior of the sub-pallial chamber, as seen when the

mantle-skirt is retroverted and the observer faces in the

direction indicated by the reference line passing from e in

fig. 91. is given in fig. 101. With this should be com-

l)ared Che similar view of the sub-pallial chamber of the

Dibranchiate Sepia (fig. 103). It should be noted as a

difference between Nautilus and the Dibranchiates that in

the former the nidamental gland (in the female) lies on

that surface of the pallial chamber formed by the dependent

mantle-flap (figs. 101, ff.n. ; 89, V), whilst in the latter it lies

on the surface formed by the body-wall ; in fact in the

former the base of the fold forming the mantle-skirt com-

p.rises in its area a part of what is unreflected visceral

hump in the latter.

rhe apertures of the two pairs of nephridia, of the vis-

oero-pericardial sac, of the genital ducts, and of the anus

are shown in position on the body-wall of the pallial cham-

ber of Nautilus in figs. 101, 102. There are nine apertures

in all, one median (the anus), and four paired. Besides

these apertures we notice ttro pairs of gill-plumes which

are undoubtedly typical ctcnidia, and a short papilla (the

I
vtsc£e

Fio. 101.—View of the po9i.ero-vejilral sni-face of a female Tcarly NaotfiUS, th«*

mantle-skirt (c) being completely reflected ao as to show the inner wall of

the sub-pallial diamber (drawn from nature by A. O. Bourne), a, muscu-
lar band passing from the mid-foot to the integument ; b. the valve on the

surface of the funnel-like mid-foot, partially concealed by the InroUed lateral

margin of the latter ; c, the mantle-skirt retroverted ; on, the median anus ,

X. post-anai papilla of unknown Bignificance ; q.n,, nidamental gland ; r.ov
.

aperture of tne right oviduct ; i.ov., aperture of the rudimentary left oviduct
(pjTifomi sac of Owen); nepit.a.j aperture of the left anterior nephridium
tieph.p, aperture of the left posterior nephridium ; trUrprr., left aperture oi

the viscero-pericardial sac ; olf, the left osphradium placed near tne base of

tile anterior gill-plume. The four gill-ptumes (ctenidia) are not lettered.

osphradium) between each anterior and posterior gill-plumi:

(see figs. 101, 102, and explanation). As compared with

this in a Dibranchiate, we find (fig. 103) only four aper-

Fio. 102.—view of the postero-ventral snrface of a male Pearly KiutUns, th»

mantle-skirt (c) being completely reficctcil so as to ahoiv the mner waU of

the sub-pallial chamber, and the four ctenid'i and Llje loot cut short (drawn

from nanu-e by .A. 0. Bourne). j>e., pt-nis, being the enlarged tenninatlou

of the right spermatic duct j t.sp.. aperture of the rudimentary left spenuatio
duct (pyriform sac of Oweu/. Other letters as In fig. 101.

tures, viz., the median anus with adjacent orifice of the

ink-sac, the single pair of nephridial apertures, and one

asymmetrical genital aperture (on the left side), except in

female Oetopoda and a few others where the genital

ducts and their apertures are paired. No viscero-peri-

cardial pores are present on the surface of the pallial

chamber, since in the Dibranchiata the viscero-pericardial
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sac opens by a pore into each nephridium instead of

directly to the surface. A single pair of ctenidia (gill-

plumes) is present instead of the two pairs in Nautilus.

The existence of two pairs of ctenidia and of two pairs

of nephridia in Nautilus, placed one behind the other, is

highly remarkable. The interest of this arrangement is in

relation to the general morphology of the Mollusca, for

it is impossible to view this repetition of organs in a linear

series as anything elss than an instance of metameric seg-

mentation, comparable to the segmentation of the ringed

worms and Arthropods. The only other e.xample which

we have of this metamerism in the MoUasca is presented

by the Chitons. There we find not two pairs of ctenidia

merely, but sixteen pairs (in some species more) accom-

Fio. 103.—View of Uic pnstero-ventral surface of a male Sepia, obtained by

cutting longitudinally the firn\ mantle-skirt and dramng the divided halves

apart This tlj^urc is strictly comparable with fig. 101. C, the head ; J, the

mid.font or sipliou, wliicli has been cut open so as to display tlie valve i : li,

tlio glandular tissue of the left nephridium or renal-sac, which has been cut

open (see lip. lOS); P, P, the lateial (ins of the mantle-skirt; Br, the single

pair of brancliisc (ctenidia) ; a, the anus,—immediately below it is the open-

ing of tlie iiilc-b.ag: r, cartilaginous socket in the siphon to receive c', the

cartdaginous knob of the mantle-skirt.— the two constituting tlie "pallial

hinge apparatus " characteristic of Decapoda, not found in Octopoda ; (j, the

azygos genital papilla and aperture : 'i, valveof the siphon (possibly the nidi-

mont.iry liind-foot); vi, muscular band connected with the fore-foot and
mid-foot (siphon) and identical with the muscular mass k in fig. 91 ; r, renal

Eapill.T, carrying tlie apertures of the nephridia: i\bi\ branchial efferent

looil-vessel ; r.bi', bulbous enlargements of the branchial blood-vessels (see

figs. 104, 103); (, ink-bag. (From Gegenbaur.)

panied by a similar metamerism of the dorsal integument,

which carries eight shells. In Chiton the nephridia are

not affected by the metamerism as they are in Nautilus.

It is impo-ssible on the present occasion to discuss in the

way which their importance demands the significance of

these two instances among Mollusca of incomplete or partial

metamerism ; but it would be wrong to pass them by with-

out insisting upon the great importance which the occur-

rence of these isolated instances of metameric segmentation

in a group of otherwise unsegmented organisms possesses,

and the light which they may be made to throw upon the

nature of metameric segmentation in general.

The foot and head of Nautilus are in the adult inex-

tricably grown together, the eye being the only part belong-

ing primarily to the head which projects from the all-

embracing foot. The fore-foot or front portion of the foot

in Nautilus has the form of a number of lobes carrying

tentacles and completely surrounding the mouth figs. 8S,

89, 91). The mid-foot is a broad median musculac urocess

which exhibits in the most interesting manner a curling in

of its margins so as to form an incomplete siphon (fig.

101), a condition which is completed and rendered per-

manent in the tubular funnel, which is the form presented

by the corresponding part of Dibranchiata (fig. 96). The
hind-foot possibly is represented by the valvular fold on the

surface of the siphon-like mid-foot. In the Pteropoda the

wing-like swimming lobes (epipodia or pteropodia) corre-

spond to the two halves of the siphon, and are much the

largest element of the foot. The fore-foot surrounding

the head is often quite small, but in Clione and Pneumo-
dermon carries lobes and suckers. A hind-foot is in Ptero-

poda often distinctly present ; it is open to doubt as to

whether the corresponding region of the foot in Siphono-

poda is developed at all.

The lobes of the fore-foot of Nautilus and of the other

Siphonopoda require further description. It has been

doubted whether these lobes were rightly referred (by

Huxley) to the fore-foot, and it has teen maintained by-some

zoologists (Grenacher, Jhcring) that they are truly processes

of the head. It appears to the present writer to be im-

possible to doubt that the . lobes in question are the fore-

portion of the foot when their development is examined

(see fig. 121, and especially fig. 72**), further, when the fact

is considered that they are innervated by the pedal ganglion,

and, lastly, when the comparison of such a Siphonopod as

Sepia is made with such a Pteropod as Pneumodermon in its

l(t/rval (fig. 84) as well as in its adult condition (fig. 85). The

Fio. 10<.—Circulatory and excretory organs of Sepia (from Gegenbaur, after

John Hunter), br, branchi.^ (ctenidia) ; c, ventricle of the heart ; a, anterior

artery (aorta) ; a', posterior artery ; t', the right and left auricles (enlarge-

ments of the efferent branchial veins) ; v', efferent branchial vein on the free

face of the gill-plume; z'.c, vena cava; vi, vc', advehent branchial vessels

(branches of the vena cava, see tig. 108); vc", abdominal veins ; x, branchial

hearts and appendages ; re, e, glandular substance of the nephridia developed

on the wall of the great veins on their way to the gills. The arrows indicate

the direction of the blood-current.

larval Pneumodermon shows clearly that the sucker-bearing

processes of that Mollusc are originally far removed from

the head and close in position to the pteropodial lobes of

the foot. By differential growth they gradually embrace

and obliterate the head, as do the simUar sucker-bearing

processes of Sepia. In both cases the sucker-bearing pro-

cesses are " fure-foot. " The fore-foot of Nastilus completely

•surrounds the buccal cone (fig. 88, e), so as to present an

appearance with its expanded tentacles similar to that of the

disc of a sea-anemone (Actinia). No figure has hitherto

been published exhibiting this circum-oral disc with its

tentacles in natural position as when the animal is alive and

swimming, the small figure of Valenciennes being deficient

in detail. All the published figures represent the act'nl

appearance of the contracted spirit-specimens. Mr A. Q.

XVI. — 85
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Bourne, B.Sc., of University College, has prepared from
actual specimens the drawings of this part in the male and
female Nautilus reproduced in fig. 88, and has restored the

parts to their natural form when expanded. The drawings

show very strikiagly the difference between male and female.

In the female (lower figure), we observe in the centre of

the disc the buccal cone e carrying the beak-like pair of

jawswhich projectfrom the finely papillate buccalmembrane.
Three tentaculiferous lobes of the fore-foot are in immediate
contact with this buccal cone ; they are the right and left

(c, c) inner lobes, as we propose to call them, and the in-

ferior inner lobe (d),—called inferior because it really lies

ventralwards of the mouth. This inner inferior lobe is

clearly a double one, representing a right and left inner

inferior lobe fused into one. A lamellated organ on its sur-

face, probably olfactory in function (»),marksthe separation

of the constituent halves of this double lobe. Each half

carries a group of fourteen tentacles. The right and the

left inner lobes (c, c) each carry twelve tentacles. Ex-.

•4'

Fio. 105.—Diagram to show the relations of the heart in the MoUusca (from
Gegenbaur). A. Part of the dorsal vascular trunk and transverse trunks of
a worm. B. Ventricle and auricles of Nautilus. C. Of a Lamellibranch, of
Cliiton, or of Loligo, D. Of Octopus. E. Of a Gastropod, o, auricle ; v,

ventricle ; oc, arteria cephalica (aorta) ; ai, arteria abdominalis. The arrows
show the direction of the blood-current.

ternal to these three lobes the muscular substance of the

mouth-embracing foot is raised into a wide ring, which
becomes especially thick and large in the dorsal region

where it b notably modified hi form, offering a concavity

into which the coil of the shell is received, and furnish-

ing a protective roof to the retracted mass of tentacles.

This part of the external annular lobe of the fore-foot is

called the "hood" (figs. 90, 91, m.). The median antero-

posterior line traversing this hood exactly corresponds to

thd line of concrescence of the two halves of the fore-foot,

which primitively grew forward one on each side of the

head, and finally fused together along this line in front of

the mouth. The tentacles carried by the great annular

lobe are nineteen on each side, thirty-eight in alL They
are somewhat larger than the tentacles carried on the three

inner lobes. The dorsalmost pair of tentacles (marked

g in fig. 88) are the only ones which actually belong to

that part of the disc which forms the great dorsal hood m.

The hood is, in fact, to a large extent formed bythe enlarged

sheaths of these two tentacles. In the Ammonites (fossil

Tetrabranchiata aUied to Nautilus) the dorsal surface of

the hood secreted a shelly plate in two pieces, known to

palaeontologists as Trigonellites and Aptychus. Possibly,

however, this double plate was carried on the surface of

the bilobed nidamental gland with the form and sculptur-

ing of which, in Nautilus, it closely agrees. All the ten-

tacles of the circum-oral disc are set in remarkable tubular

eheaths, into which they can be drawn. The sheaths of

some of those belonging to the external or annular lobe are

geen in fig. 91, marked n. The sheaths are muscular as

well as the tentacles, and are simply tubes from the base

'of which the solid tentacle grows. The functional signifi-

cance of this sheathing arrangement is as obscure as its

morphological origin. With reference to the latter, it

appears highly probable that the tubular sheath reprcsenta

the cup of a sucker bUOh o<! i.i found on thn forp foot of the

Dibranchiata. In any case, it seems to the writer impos-

sible to doubt that each tentacle, and its sheath on a lobe

of the circum-oral disc of Nautilus, corresponds to a sucker

on such a lobe of a Dibranchiate. Keferstein follows Owen
in strongly opposing this identification, and in regarding

such tentacle as the equivalent of a whole lobe or arm of a

Decapod or Octopod DibrancL We find in the details of

these structures, especially in the facts concerning the

hectocotylus and spadix, the most conclusive reasons for

dissenting from Owen's view. We have so far enumer-

ated in the female Nautilus ninety tentacles. Four more

remain which have a very peculiar position, and almost

lead to the suggestion that the eye itself is a modified

tentacle. These remaining tentacles are placed one above

(before) and one below (behind) each eye, and bring up

the total to ninety-four (fig. 91, v, v). They must be con-

sidered as also belonging to the fore-foot which thus sur-

rounds the eye.

In the adult male Nautilus we fimd the following im-

portant differences in the tentaculiferous disc as compared

with the female (see upper drawing in fig. 88). The
inner inferior lobe is rudimenlary, and carries no tentacles.

It is represented by three groups of lamellae (d), which are

not fully exposed in the drawing. The right and left inner

lobes are subdivided each into two portions. The right

shows a larger portion carrying eight tentacles, and smaller

detached groups (q) of four tentacles, of which three have

their sheaths united whilst one stands alone. These four

tentacles may be called the " anti-spadix." The left inner

lobe shows a similar larger portion carrying eight tentacles,

and a curious conical body in front of it corresponding to

the anti-spadix. This Ls the " spadix " of Van der Hoeven

(36). It carries no tentacles, but is terminated by imbri-

cated lamellae. These lamellae appear to represent the four

tentacles of the anti-spadix of the right internal lobe, and
are generally regarded as corresponding to that modification

of the sucker-bearing arms of male Dibranchiate Siphono-

pods to which the name " hectocotylus " is 'applied. The
spadix is in fact the hectocotylized portion of the fore-

foot of the male Nautilus. The hectocotylized arm or lobe

of male Dibranchiata is connected with the process of copu-

lation, and in the male Nautilus the spadix has probably a

eimilar significance, though it is not possible to suggest

how it acts in this relation. It is important to observe

that the modification of the fore-foot in the male as com-

pared with the female Nautilus is not confined to the

existence of the spadix. The anti-spadix and the reduction

of the inner inferior lobe are also male peculiarities. The
external annular lobe in the male does not differ from that

of the female ; it carries nineteen tentacles on each side.

The four ophthalmic tentacles are also present. Thus in

the male Nautilus we find altogether sixty-two tentacles,

the thirty-two additional tentacles of the female being repre-

sented by lameUiform structures.

If we now compare the forefoot of the Dibranchiata with

that of Nautiliis, we find in the first place a more simple

arrangement of its lobes, which are either four or five pairs

of tapering processes (called " arms ") arranged in a series

around the buccal cone, and a substitution, of suckers for

tentacles on the surface of these lobes (figs. 92, 95, 96).

The most dorsaUy-placed pair of arms, corresponding to the

two sides of the hood of Nautilus, are in reality the most
anterior (see fig. 75, (6) ), and are termed the first pair. In
the Octopoda there are four pairs of these arms (figs. 94,

95), in the Decapoda five pairs, of which the fourth is

greatly elongated (figs. 92, 93). In Sepia and other Deca-

poda (not all) each of these long arms is withdrawn into a

pouch beside the head, and is only ejected for the purpose

of prehension. The figures referred to show some of the

variations in form which these arms may as,siuiio. In the
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Octopoda they are not unfrequently connected by a web,

and form an efficient swimming belL Tlie suckers are placed

on the ad-oral surface of the arms, and may be in one,

two, or four rows, and very numerous. In place of suckers

in some genera we find on certain arms or parts of the

arms horny hooks ; in ether cases a hook rises from the

centre of each sucker. The hooks on the long arms of

Onychoteuthis are drawn in fig. 97. The fore-foot, with

its apparatus of suckers and hooks, is in the Dibranchiata

essentially a prehensile apparatus, though the whole series

of arms in the Octopoda serve as swimming organs, and in

many {e.g., the Common Octopus or Poulp) the sucker-

bearing surface is used as a crawling organ.

In the males of the Dibranchiata one of the arms is

more or less modified in connexion with the reproductive

function, and is called the " hectocotylized arm." This

name is derived from the condition assumed by the arm

in those cases in which its modification is carried out to

the greatest extent. These cases are those of the Octo-

pods Argonauta argo and Parasira catenvlata (fig. 96).

In the males of these the third arm (on the left side in

Argonauta, on the right side in Parasira) is found before

the breeding season to be represented by a globular sac of

integument. This sac bursts, and from it issues an arm
larger than its neighbourb, having a small sac at its extremity

in Parasira (fig. 96, x), from which subsequently a long

filament issues. Before copulation the male charges this

arm with the spermatophores or packets of spermatozoa

removed from its generative orifice beneath the mantle-skirt,

and during coitus the arm becomes detached and is left

adhering to the female by means of its suckers. A new arm
is formed at the cicatrix before the next breeding season.

The female, being much larger than the male, swims away
with the detached arm lodged beneath her mantle-skirt.

There, in. a way which is not understood, the fertilization

of the eggs is effected. Specimens of the female Parasira

with the detached arm adherent were examined by Cuvier,

who mistook the arm for a parasitic worm and gave to it

the name Hectocotylus. Accordingly, the correspondingly

modified arms of other Siphonopoda are said to be hecto-

cotylized. Steenstrup has determined the hectocotylized

condition of one or other of the arms in a number of male

Dibranchs as follows :—in all, excepting Argonauta and
Parasira, the modification of the arm is slight, consisting in

a small enlargement of part or the whole of the arm, and
tba obliteration of some of its suckers, as shown in fig. 95,

A, B ; in Octopus and Eledone the third right arm is

hectocotylized; in Rossia the first left arm is hectocotylized

along its whole length, and the first right arm eJso is the

middle only ; in Sepiola only the first left arm along its

whole length ; in Sepia it is the fourth left arm which is

modified, and at its base only ; in Sepioteuthis, the same at

its apex ; in Loligo, the same also at its apex; in Loholus,

the same along its whole length ; in Ommastrephes,

Onychoteuthis, and Loligopsia no hectocotylized ann has

hitherto been observed.

In the females of several Dibrancha (Sepia, &c.) the

packets of spermatozoa or spermatophores received from

the male have been observed adhering to the smaller arms.

How they are passed in this case by the female to th« ova

in order to fertilize them is unknown.
Musculature, Fins,~and CartilaginouB Shleion.—Without

entering into a detailed account of the musculature of

Nautilus, we may point out thit the great muscular masses

of the fore-foot and of the 2ii<3-foot (siphon) are ultimately

traceable to a large transverse mass of muscular tissue,

the ends of which are visib" through the integument on
the right and left surfaces of the body dorsal of the

free flap of the m; ntle-skirt \fig. 69, I, I, and fig. 91, k).

These muscular ar( t have a brtaia adhesion to the shell,

and serve both to hold the animal in its shell and as the

fixed supports for the various movements of the tentaculi-

ferous lobes and the siphon. They are to be identified

with the ring-like area of adhesion by which the foot^muscle

of the Limpet is attached to the shell of that animal (see

fig. 27). In the Dibranchs a similar origin of the muscular

masses of the fore-foot arid mid-foot from the sides of the

shell—modified, as this is, in position and relations—can be

traced.

In Nautilus there are no fin-Kke expansions of the integu-

ment, whereas such occur in the Decapod Dibranchs along

the sides of the visceral hump (figs. 92, 93). As an excep-

tion among Octopoda lateral fins occur in Pinnoctopus (fig.

94, A), and in Cirrhoteuthis (fig. 94, D). In the Ptero-

podous division of the Cephalopoda such fin-like expansions

of the dorsal integument do not occur, which is to be con-

nected with the fact that another region, the mid-foot,-which

in Siphonopods is converted into a siphon, is in them
expanded as a pair of fins.

In Nautilus there is a curious plate-like expansion oi:

integument in the mid-dorsal region just behind the hood,

lying between that structure and the portion of mantle-

skirt which is reflected over the shelL This is shown in

fig. 90, b. If we trace out the margin of this plate we
find that it becomes continuous on each side with the

sides of the siphon or mid-foot. In Sepia and other Deca-

pods (not in Octopods) a closely similar plate exists in an
exactly corresponding position (see b in figs. 110, 111). In
Sepia a cartilaginous development occurs here immediately

below the integument forming the so-called " nuchal plate,"

drawn in fig. 116, D. The morphological significance of

this nuchal lamella, as seen both ia KautUus ^nd in Sepia,

is not obvious. Cartilage having the structure shown in

fig. 117 occurs in various regions of the body of Siphono-

poda. In all Glossophorous MoUusca the lingual apparatus

is supported by internal skeletal pieces, having the char-

acter of cartilage ; but in the Siphononodous Cephalopoda

such cartilage has a wider range.

In Nautilus a large H-shaped piece of cartilage is found

forming the axis of the mid-foot or siphon (fig. 116, A,

B). Its hinder part extends up into the head and supports

the peri-cesophageal nerve-mass (a), whilst its two anterior

rami extend into the tODgue-Uke siphon. In Sepia, and
Dibranchs generally, the cartilage takes a difierent form,

as shovni in fig. 116, C. The proqessea of this cartilage

cannot be identified in any way vrith those of the capito-

pedal cartilage of NautUua. The lower larger portion of

this cartilage in Sepia is called the cephalic cartilage, and

forms & complete ring round the oesophagus ; it completely

invests also the ganglionic nerve-collar, so that aU the

nerves from the latter have to pass through foramina in

the cartilage. The outer angles of this cartilage spread

out on each side so as to form a cup-like receptacle for the

eyes. The two processes springing right and left from this

large cartilage in the median Une (fig. 116, C) are the
" prae-orbital cartilages

; " in front of these, again, there ia

seen a piece like ain inverted T, which forms a support to

the base of the " arms " of the fore-foot, and is the " basi-

brachial " cartilage. The Decapod Dibranchs have, further,

the " nuchal cartilage " already mentioned, and in Sepia, a
thin plate-Uke '' sub-ostracal " or (so-called) dorsal cartilage,

tha anterior end of which rests on and fits into the concave

nuchal cartilage. In Octopoda there is no nuchal cartilage,

but two band-like " dorsal cartilages." In Decapods there

are also two cartilaginous sockets on the sides of the funnel—" siphon-hinge cartilages "—int<i which fleshy knobs of

the mantle-skirt are loosely fitted- In Sepia, along the

whole base-line of each lateral fin of the mantle (fig. 92),

is a " basi-pterygial cartilage." It is worthy of remark that

we have, thus developed, in Dibianch Siphonopods a more
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complete internal cartilaginous skeleton than is to be found

in some of the lower Vertebrates. There are other instances

of cartilaginous endo-skeleton in groups other than the

Vertebrata. Thus in some capito-branchiate Cliajtopods

cartilage forms a skeletal support for the gill-plumes, whilst

in the Arachnids (Mygale, Scorpio) and in Limulus a large

internal cartilaginous plate—the ento-sternite—is devel-

oped as a support for a large series of muscles.

Alimentary Tract.—The buccal cone of Nautilus is ter-

minated by a villous margin (buccal membrane) surround-

ing the pair of beak-like jaws. These are very strong and
dense in Nautilus, being calcified. Fossilized beaks of Tetra-

branchiata are known under the name of Rhyncholites.

In Dibranchs the beaks are horny, but similar in shape to

those of Nautilus. They resemble in general those of a

parrot, the lower beak being the

larger, and overlapping the upper or

dorsal beak. The lingual ribbon and
odontophoral apparatus has the struc-

ture which is tjrpical for Glosso-

phorous Mollusca. In fig. 107, A is

represented a single row of teeth

from the lingual ribbon of Nautilus,

and in fig. 107. B, C, of other Si-

phonopoda.

In Nautilus a long and wide crop

or dilated oesophagus {cr, fig. 110)

passes from the muscular buccal mass,

and at the apex of the visceral hump
passes into a highly muscular stom-

ach, resembling the gizzard of a bird

(gizz, fig. 110). A nearly straight

intestine passes from the piuscular

stomach to the anus, near which it

develops a small caecum. In other

Siphonopods the oesophagus is usually fio. io6.—Alimentary canal

narrower (fig. 106, oe), and the mus- otLoiigos<mtaia (from g^-
^ * ) /)

_ genbaur). The buccal mass
ular stomach more capacious (fig. is omitted. ««, Ksophagus

.06, v), whilst a very important

feature in the alimentary tract is

formed by the caecum. In all but

Nautilus the caecum lies near the

stomach, and may be very capacious

—much larger than the stomach in Loligo vulgaris—or

elongated into a spiral coU, '- 'n fig. 106, e. The simple

V, the stomach opened long-
itudinally; X, probe passed
through the pylorus ; c,

commencement of the cae-

cum : e, its spiral portion ;

t. intestine ; a, ink-bag ; 6,

its opening into the rectum.

Fto. 107.

—

Lingnal dentition of Si phonopoda. A Asinglerowof Ungual teeth

of Kautilus pompilius (after Keferstein). B. Two rows of lingual teeth of
Sepia offlcinalis (after Troachel). C. Lingual teeth of Eledonc cirrhosa (after

Loven).

T7-shaped flexure of the alimentary tract as seen in fig.

106, and in fig. 110, is the only important one which it

exhibits in the Cephalopoda,—the Pteropoda (except the

Iiimacinida) agreeing with the Siphonopoda in this sim-

plicity in consequence of their visceral hump being un-

twisted. The acini of the large liver of Nautilus are

compacted into a solid reddish -bro^vn mass by a firm

membrane, as also is the case in the Dibranchiata.

The liver has four paired lobes in Nautilus, which open
by two bile-ducts into the alimentary canal at the com-
mencement of the intestine. The bile-ducts unite before

entering the intestine. In Dibranchiata the two large

lobes of the liver are placed antero-dorsally (beneath

the shell in Decapoda), and the bile-ducts open into the

CBBCum. Upon the bile iucts in Dibranchiata are deve-

loped yeUowish glandular diverticula, which are known
as "pancreas," though neither physiologically nor morpho-

logically is there any ground for considering either the so-

called liver or the so-<aUed pancreas as strictly equivalent

to the glands so denominated in the Vertebrata. In Nauti-

lus the equivalents of the pancreatic diverticula of the

Dibranchs can be traced upon the relatively shorter bile-

ducts.

Salivary Glands are not developed in Nautilus unless a

pair of glandular masses lying on the buccal cavity are to

he considered as such. In the Dibranchs, on the contrary,

one (Sepia, Loligo) or two pairs of large salivary glands

are present, an anterior and a posterior (Octopus, Eledone,

Onychoteuthis). Each pair of salivary glands has its

paired ducts united to form a single duct, which runs

forward from the glands and opens into the buccal cavity

yio. 103.—Biagram of the nephridial sacs, and the veins which mn throngh
them, in Sepia officinalis (afxer Vigelius). The nephridial sacs are snppoeed
to have their upper waUs removed, r.c, vena cava ; r.d.r.c, right descending
branch of the same ; r.s.y.c, left descending branch of the same ; v.h.tt., vein
firom the ink-bag ; r.m, mesenteric vein ; v.g. genital vein ; v.a.d, right
abdominal vein ; vm.s. left abdominal vein ; t'-p.d, right pallial vein ; v.p.s,

left pallial vein ; c.6, branchial heart ; i, appendage of the same ; c.v, capsule
of the branchial heart ; np, external aperture of the right nephridial sac ; y,

reno-pericardial orifice placing the left renal sac or nephridium in communi-
cation with the viscero-pericardial sac, the course of which below the nephri-
dial sac is indicated by dotted lines ;

y', the similar orifice of the right side ;

a.r, glandular renal outgrowths ; w.k, viscero-pericardial sac (dotted outline).

iiear the radula. The anterior pair of glands when present

lie in the head near the buccal mass, the posterior pair lie

much farther back beneath the liver, at the sides of the

oesophagus. It is the posterior pair which alone are pre-

sent in Sepia and Loligo. The ink-bag is to be considered

as an appendage of the rectum. It is not developed in

Nautilus, nor ia the Pteropoda; in all Dibranchiata (even in

the fossil Belemnites) it is present (fig. 106, a ; fig. 103, t),

and has been observed to develop as a diverticulum of the

rectum, with spirally plaited walls which very early secrete

a black pigment. The spiral plaitings of the walls diminish
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in relative size as the volume of the sac increases. Its

outer surface acquires a metallic iridescence similar to that

of the integuments of many fishes. The opening of the

ink-sac is in the adult sometimes distinct from but near to

vent

Fio 100. Diagram to sliow the relations of the four Dephridial sacs, the viscero-

pcricardlal sac, and the heart and large vessels in Nautilus (drawn by A. G.

Bourne), neph, niph, on the right side point to the two nephridia of that

side (the two of the opposite side are not lettered), —each is seen to have an

Independent aperture ; j is the viscero-pericardial sac, the dotted line indicat-

ing its backward ertenslpn ; visc.per.apert marks an arrow introduced into

the right aperture of the viscero-pericardial sac ; r.e., r.e., point to the

glandular enlarged walls of the advehent branchial vessels,—two small

glandular bodies of the kind are seen to project into each nephridial sac,

whilst a larger body of the same kind depends from each of the four branchial

advehent vessels into the viscero-pericardial sac ; v.c, vena cava ; veiii,

ventricle of the heart ; ao„ cephalic aorta (the small abdominal aorta not

dja^vn) , a.b.v, advehent branchial vessel ; e.f.6., efferent branchial vesseL

the anus (Sepia) ; In other cases it opens into the rectum

near the anus. The ink-bag of Dibranch Siphonopoda is

possibly to be identified with the adrectal (purouriparous)

gland of some Gastropoda^

Ccelom, Blood-vascular System, and Excretory Organs.—
Nautilus and the other Siphonoooda conform to the

an.

n, a b.v.

Fio. 130.—Diagram representing a vertical approximately median antoro
Twsterior section of l\autilus pompilius (from a drawing by A. G. Bonnie).
"iTie parts which are quite black are the cut muscular surfaces of.the foot and
buccal mass, a, the shell; 6, the nuchal plate identical with the nuchal
cartilage of Sepia (see fig. 90, &) ; c, the integument covering the visceral

hump ; d, the mantle flap or skirt in the dorsal region where it rests against

the coil of the sheU ; c, the inferior nargin of the mantle-skirt resting on the

lip of the sheU represented by the dotted line ; /, the palllal chamber with
two of the four gills

; g, the vertically cut median portion of the mid-foot

(siphon); h, the capito-pedal cartilage (see fig. 116); i, the valve of the

eipnon ; i, the slphuncular pedicle (cut short) ; m, the hood or dorsal enlarge-

ment of the annular lobe of the fore-foot ; n, tentacles of the annular lobe
;

«, tentacles of the inner inferior lobe ; q. buccal membnine ; r, upper jaw or

beak ; a, lower jaw or beak ; I, lingual ribbon ; x, the viscero-pericardial sac
;

n.c, nerve-collar ; oe, oesophagus ; cr, crop ; gizs, gizzard ; <n(. Intestine ; an,

anus : ni, nidamental gland ; nept, aperture of a nephridial sac ; r.e, renal

glandular masses on the avails of the afferent branchial veins (see fig. 109)

;

<L6.t>., afferent branchial vessel ; «.^.t>, efferent branchial vessel ; vt, ventricle

of the heart.

general MoUuscan characters in regard to these organs.

Whikt the general body-cavity or ccelom forms a lacunar

blood-system or series of narrow spaces, connected with

the trunks of a weLl-developed vascular system, that part

of the original coelom surrounding the heart and known
as the SloUuscan pericardium becomes shut oflF from this

general blood-lymph system, and communicates, directly in

Nautilus, in the rest through the nephridia, with the exte-

rior. In the Siphonopoda this specialized pericardial cavity

is particularly large, and has been recognized as distinct

from the blood-carrying spaces, even by anatomists who
have not considered the pericardial space of other Jlollusca

to be thus isolated. The enlarged pericardium, which may
even take the form of a pair of sacs, has been variously

named, but is best known as the viscero-pericardial sac or

chamber. In Nautilus this sac occupies the whole of the

postero-dorsal surface and a part of the antero-dorsal (see

fig. 110, ;r), investing the genital and other viscera which
lie below it, and having the ventricle of the heart sus-

pended in it. Certain membranes forming incomplete
septa, and a curious muscular band—the palUo-cardiac

band—traverse the sac. The four branchial advehent veins,

which in traversing the walls of the four nephridial sacs

give off, as it were, glandular diverticula into those sacs,

abo give off at the same points four much larger glandular

11.710/ visc.ven
apart.

Fio. 111.—Diagram representing a vertical approximately median antero-

fjosterior section of .Sepia oJJicinaHs (from a drawing by A. G. Bourne). The
ettering corresponds witli that of fig. 110, with which this drawing is intended
to be compared, a, shell (liere enclosed by a growth of the mantle) ; b, the
nuchal plate (here a cartilage) ; c (the reference line should be continued
through the black area representing the shell to the outline below it), the
integument covering the visceral hump ; d, the reflected portion of the
mantle-skirt forming the sac which encloses the shell ; e, the inferior margin
of the mantle-skirt (mouth of the pallial chamber) ; /, the pallial chamber ;

a, the vertically cut median portion of the mid-foot (siphon) ; i, the valve of
the siphon ; m, the two upper lobes of the fore-foot ; «, the long prehensile
arms of the same ; o, the fifth or lowermost lobe of the fore-foot ; p, the third
lobe of the fore-foot ; q, the buccal membrane ; v. the upper beak or jaw ; s,

the lower beak or jaw ; (, the lingual ribbon ; x, the viscero-pericardial sac ;

n.c, the nerve-collar ; cr., the crop ; ffis^., the gizzard ; an, the anus ; c.(., the
left ctenidium or gill-plome ; vent, ventricle of the heart ; a.b.v., afferent

branchial vessel; e.b.v, efferent branchial vessel ; re, renal glanduliir mass;
n.n.a, left nephridial aperture; visc.per.apert., viscero-pericardial aperture
(see fig. 108) ; br.b., branchial heart ; app., appendage of the same ; i.s., ink-

bag.

masses, which hang freely into the viscero-pericardial

chamber (fig. 109, r.e). In Nautilus the viscero-pericardiaJ

sac opens to the exterior directly by a pair of apertures, one

placed close to the right and one close to the left posterior

nephridial aperture (fig. 101, viscper.). This direct opening

of the pericardial sac to the exterior is an exception to what
occurs in all other MoUusca. In all other MoUuscs the

pericardial sac opens into the nephridia, and through them
or the one nephridium to the exterior. In Nautilus there

is no opening from the viscero-pericardial sac into the

nephridia. Therefore the external pore of the viscero-peri-

cardial sac may possibly be regarded as a shifting of the

reno-pericardial orifice from the actual wall of the nephridial

sac to a position alongside of its orifice. Parallel cases

of such shifting are seen in the varying position of the

orifice of the ink-bag in Dibranchiata, and in the orifice

of the genital ducts of MoUusca, which in some few cases

{e.g., Spondylus) open into the nephridia, whilst in other

cases they open close by the side of the nephridia on the

surface of the body. The viscero-pericardial sac of the
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Dibranchs is very large also, and extends into the dorsal

region. It varies in shape—that is to say, in the extensions

of its area right and left between the various viscera—in

different genera, but in the Decapods is largest. In an ex-

tension of this chamber is placed the ovary of Sepia, whilst

the ventricfe of the heart and the branchial hearts and their

appendages also lie in it. It is probable that water is

drawn into this chamber through the nephridia, since sand

and other foreign matters are found in it. In all it opens

into the pair of nephridial sacs by an orifice on the wall of

each, not far from the external orifice (fig. 108, y, y).

There does not seem any room for doubting that each orifice

corresponds to the reno-pericardial orifice which we have

seen in the Gastropoda, and shall find again in the Lamelli-

branchia. The single tube-like nephridium and the peri-

cardium of the Pteropoda also communicate by an aperture.

The circulatory organs, blood-vessels, and blood of Nauti-

lus do not differ greatly from those of Gastropoda. The
ventricle of the heart is a four-cornered body, receiving a

dUated branchial efferent vessel (auricle) at each comer
(fig. 109). It gives off a cephalic aorta anteriorly, and

a smaller abdominal aorta posteriorly. The diagram, fig.

105, serves to show how this simple form of heart is related

to the dorsal vessel of a worm or of an Arthropod, and how
by a simple flexure of the ventricle (D) and a subsequent

suppression of one auricle, following on the suppression of

one brahchia, one may obtain the form of heart charac-

teristic of the Anisopleurous Gastropoda (excepting the

Zygobranchia). The flexed condition of the heart is seen

in Octopus, and is to some extent approached by Nautilus,

the median vessels not presenting that perfect parallelism

which is shown in the figure (B). The most remarkable

feature presented by the heart of Nautilus is the possession

of four instead of two auricles, a feature which is simply

related to the metamerism of the branchia. By the left

side of the heart of Nautilus, attached to it by a membrane,
and hanging loosely in the viscero-pericardial chamber, is

the pyriform sac of Owen. This has recently been shown
to be the rudimentary left oviduct or sperm-duct, as the

case may be (Lankester and Bourne, 37), the functional

right ovi-sac and its duct being attached by a membrane
to the opposite side of the heart.

The cephalic and abdominal aortae of Nautilus appear,

after running to the anterior and posterior extremes of the

animal respectively, to open into sinus-like spaces surround-

ing the viscera, muscular masses, &c. These spaces are

not large, but confined and shallow. Capillaries are stated

to occur in the integument. In the'Dibranchs the arterial

system is very much more complete ; it appears in some
cases to end in irregular lacunae or sinuses, in other cases

in true capillaries which lead on into veins. An investiga-

tion of these capOlaries in the light of modern histological

knowledge is much needed. From the sinuses and capil-

laries the veins take origin, collecting into a large median

trunk (the vena cava), which in the Dibranchs as well as in

Nautilus has a ventral (postero-venlral) position, and. runs

parallel to the long axis of the animal. In NautOua this

vena cava gives oft' at the level of the gills four branchial

advehent veins (fig. 109, v.c), which pass into the four

gills without dilating. In the Dibranchs at a similar posi-

tion the vena cava gives off a right and a left branchial

advehent vein (fig. 108, r.s.v.c, r.d.v.c), each of which,

traversing tlie wall of the corresponding nephridial sac and
receiving additional factors (fig. 108, v.g, v.p.d, v.a.d, v.b.a),

dilates at the base of the corresponding branchial plume,

forming there a pulsating sac—the branchial heart (f;g.l04,

x; and fig 108, c.b). Attached to each branchial heart is a

curious glandular body, which may possibly be related to

the larger masses (r.e in fig. 109) which depend into the

viscero-pericardial cavity from the branchial advehent veins

of Nautilus. From the dilated branchial heart the b.-an-

chial advehent vessel proceeds, running up the ad-pallial

face of the gill-plume (vi, vc, fig. 104). From each gill-

plume the blood passes by the branchial efferent vessels

(y, fig. 104) to the heart, the two auricles being formed

by the dilatation of these vessels {v, v in fig. 104).

The blood of Siphonopoda contains the usual amoeboid cor-

puscles, and a diffused colouring matter—the hsemocyanin

of Fredericque—which has been found also in the blood of

Helix, and in that of the Arthropods Homarus and Limulus.

It is colourless in the oxidized, blue in the deoxidized state,

and contains copper as a chemical constituent.

The nephridial sacs and renal glandular tissue are closely

connected with the branchial advehent vessels in Nautilus

and in the other Siphonopoda. The arrangement is such

as to render the typical relations and form of a nephridium

difficult to trace. In accordance with the metamerism of

Nautilus already noticed, there are two pairs of nephridia.

Each nephridium assumes the form of a sac opening by a

pore to the exterior. As is usual in nephridia, a glandular

and a non-glandular portion are distinguished in each sac
;

these portions, however, are not successive parts of a tube, as

happens in other cases, but they are localized areas of the wall

of the sac. The glandular renal tissue is, in fact, confined

to a tract extending along that part of the sac's wall which
immediately invests the great branchial advehent vein.

The vein in this region gives off directly from its wall a
complete herbage of little venules, which branch and ana-

stomose with one another, and are clothed by the glandular

epithelium of the nephridial sac. The secretion is accumu-
lated in the sac and passed by its aperture to the exterior.

Probably the nitrogenous excretory product is very rapidly

discharged ; in Nautilus a pink-coloured powder is found
accumulated in the nephridial sacs, consisting of calcium

phosphate. The presence of this

phosphatic calculus by no means
proves that such was the sole ex-

cretion of the renal glandular tis-

sue. In NautUus a glandular

growth like that rising from the

wall of the branchial vessel into

its corresponding nephridial sac,

but larger in size, depends from
each branchial advehent vessel into

the viscero-pericardial sac,—prob-

ably identical with the "append- »

age" of the branchial hearts of

Dibranchs.

The chief difference, other than

that of number between the ne-

phridia of the Dibranchs and those

of Nautilus, is the absence of the

accessory growths depending into

the viscero-pericardial space just

mentioned, and, of more import-

ance, the presence in the former of p,g
a pore leading from the nephridial

sac into the viscero-pericardial sac

{y, y' in fig. 108). The external

orifices of the nephridia are also

more prominent in Dibranchs than

in Nautilus, being raised on papillae

(np in fig. 108 ; r in fig. 103). In
Sepia, according to Vigelius (38),

the two nephridia give off each

a diverticulum dorsalwards, which
uiiites with its fellows and forms

a great median renal chamber,

lying between the ventral portions of the nephridia and
the viscero-pexicardial chamber. In Loligo the fusion

112.—Nepvoufl system of
Nautilus pompilius (from Ge-
genbaur, after OwenX (, t,

ganglion-like enlargementa on
nerves passing from the pedal
ganglion to the inner series of
tentacles; C, nen-es to the ten-
tacles of the outer or annular
lobe ; b, pedal ganglion-pair

;

a, cerebral ganglion-pair); c,

pleuro - visceral ganglionic
band (fosed pleural and Tisce-

ral ganglion-pairs) ; d, genital

ganglion placed on the course
of the large visceral nerve, just

before it gives off its branchial
and its osphradial branches ;

m, nerves from the pleoral

ganglion to the mantle-skirt.
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of tne two nephridia to form one sac is stiU more obvious,

since the central portions are united. In Octopus the

nephridia are quite separate.

Tegumental pores have not been describea m Nautilus,

but exist in Dibranchiata, and have been (probably

erroneously, but further investigation is needed) supposed

to introduce water into the vascular system. A pair of

Pig. 113. Kg. Hi.

Hos. 113, lit—Nerve-centres of Octopus. Rgoro 113 gives a view from the

dorsal aspect, figure 114 one from the ventral flapect. buc^ the buccal mass

;

ped, pedal ganglion ; opt, optic ganglion ; eer, cerebral ganglion
; p(, pleoral

ganglion ; vise, visceral ganglion ; oj, (Esophagns ; /, forajnen in the nerve*

mass formed by pedal, pleural, aiid viacex^ gangllon-paiis, traversed by a
blood-veaaeL

Buch pores leading into sub-tegumental spaces of consider-

able area, the nature of which is imperfectly known, exist

on the back of the head in Philonexis, Tremoctopus, and

Argonauta. At the base of the arms and mouth four such

porea are found in Histioteuthia and Ommastrephes, six

in .Sepia, Loligo, Onychoteuthis. Lastly, a pair of such

pores are found in the

Decapoda at the base

of the long arms, lead-

ing into an extensive

Bub-tegumental pouch
on each side of the head
into which the long

arms can be, and usually

are, withdrawn. In
Sepia, Sepiola, and Ros
sia the whole arm is

coiled up in these sacs

;

in Loligo only a part

of it is so ; in Histio-

teuthia, Ommastrephes,
and Onychoteuthis, the

sacs are quite small

and do not admit the

anus.

Nervcms System.—
Nautilus, like the other

Cephalopoda (e.^r., Pneu-

modermon, fig. 87

;

Octopus, fig. 113), ex-

bibits a great concentra-

tion of the typical Mol-

luscan ganglia, as shown
in fig. 112. The gan-

plia take on a band-like

form, and are but little

difterentiated from their

commissures and con-

nectives,— an archaic

condition reminding us of Chiton. The special optic out-

growth of the cerebral gangUon, the optic ganglion (fig.

112, o), is characteristic of the big-eyed Siphonopoda.

The cerebral ganglion-pair (a) lying above the oesophagus

Fra. 115.—Lateral view of the nervous centres

and nerves of the right side of Octopus wl-
garU (from a drawing by A. G. Bourne), hg,

bnccid ganglion ; «r., cerebral ganglion ;

ped.. i-edAl ganglion ; pi., pleural, and vise.,

visceral region of the pleuro- visceral ganglion;
gang. steU., the ripht stellate gangUon of the
mantle connected by a nerve to the pleural

portion ; n.rt^., the right visceral nerve

;

n.ot/., its (probably) olfactory branches

;

n.br., its branchial branches.

is connected with two sub -oesophageal ganglion -pairs of

band-like forin. The anterior of these is the pedal b, b,

and supplies the fore-foot with nerves <", t, as also the

mid-foot (siphon). The hinder band is the visceral and

pleural pair fused (compare fig. 112 with fig. S7, and

especially with the typical Euthyneurous nervous system

of Limnaeus, fig. 22) ; from its pleural portion nerves pass

to the mantle; from its visceral portion nerves to the

branchia and genital ganglion (d in fig. 112), and in

immediate connexion with the latter is a nerve to the

osphradium or olfactory papilla. No buccal ganglia have

been observed in Nautilus, nor has an enteric nervous system

been described in this animal, though both attain a special

development in the Dibranchiata. The figures (114 and

115) representing the nerve-centres of Octopus serve to

exhibit the disposition of these parts in the Dibranchiata.

The ganglia are more distinctly swollen than in Nautilus.

In Octopus an infra-buccal ganglion-pair are present cor-

responding to the buccal ganglion-pair of Gastropoda. In

Decapoda a supra-buccai ganglion -pair connected vrith

these are also developed. Instead of the numerous radi-

ating paUial nerves of Nautilus, we have in the Dibran-

chiata on each side (right and left) a large pleural

erve passing from the pleural portion of the pleuro-

visceral gangUon to the mantle, where it enlarges to

form the stellate ganglion. From each stellate ganglion

nerves radiate to supply the powerful muscles of the

mantle-skirt. The nerves from the visceral portion of the

pleuro-visceral ganglion have the same course aa in Nautilus,

but no osphradial papilla is present. An enteric nervous

system is richly developed Ln the Dibranchiata, connected

with the somatic nervous centres through the buccal

gangliaj as in the Arthropoda through the stomato-gastric

gangliaj and anastomosing with deep branches of the vis-

ceral nerves of the viscero-pleural ganglion-pair. It has

been especially described by Hancock (39) in Omma-
strephes. Upon the stomach it forms a single laxge and

readily-detected gastric ganglion. It is questionable as to

how far this and the " caval ganglion " formed in some

Decapoda by branches of the visceral nerves which accom-

pany the vena cava are to be considered as the equivalents

of the "abdominal ganglion," which in a typical Gastropod

nervous system lies in the middle of the visceral nerve-loop

or commissu|e, having the right and left visceral ganglia

on either side of it, separated by a greater or less length

of visceral nerve-cord (see figs. 20, 21, 22). There can be

little doubt that the enteric nervous system is mucli more
developed in the Dibranchiata than in other Mollusca, and

that it efiects a fusion with the typical " visceral " cords

more extensive than obtains even in Gastropoda, where

such a fusion no doubt must also be admitted.

Special Sense-Organs.—Nautilus possesses a paif of

osphradial papilla (fig. 101, olf) corresponding in position

and innervation to Spengel's organ placed at the base of the

ctenidia (branchiae) in aU classes of MoUusca. This organ

has not been detected in other Siphonopoda. In Ptero-

poda it is well developed as a single ciliated pit, although

the ctenidia are in that group aborted (fig. 87, 0^.).
Nautilus possesses other olfactory organs in the region

of the head. Just below the eye is a small triangular

process (not seen in our figures), having the structure of a

shortened and highly-modified tentacle and sheatL By
Valenciennes, who is followed by Keferstein, this is regarded

as an olfactory organ. The large nei^e which runs to this

organ originates from the point of juncture of the pedal

with the optic ganglion. The lamelliform organ upon the

inner inferior tentacular lobe of Nautilus is possibly als»

olfactory in function. In Dibranchs behind the eye is 9

pit or open canal supplied by a nerve corresponding in

origin to the olfactory nerve of Nautilus above mentioned.
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Possibly the sense • of taste resides in certain processes

within the mouth of Nautilus and other Siphonopoda.

Fio. 116.—Cartilaginoas skeleton of Siphonopoda (after Keferstein), A. Capito-
pedal canilage of Natttitus pompilius ; a points to the ridge which supports
the pedal portion of the nerve-centre. B. Lateral view of the same,—the
large anterior processes are simk in the mhscular substance of the siphon.
C. Cephalic cartilages of Sepia o^cinalis. D. Nuchal cartilage of 6'ejna o^ct •

TWlis,

The otocysts of NautUus were discovered by Macdonald

(40). Each lies at the side of the head, ventral of

the eye, resting on the capito-pedal cartilage, and supported

by the large auditory

nerve which arises

from the pedal gan-

glion. . It has the

form of a small sac,

1 to 2 mm. in dia- /,

meter, and contains

whetstone - shaped
crystals, such as are

known to form the

otoliths of other Mol-

lusca. The otocysts

of Dibranchiata are

larger and deeply

sunk in the cephalic

cartOage. It has fio. 117.—Minut« structure of the cartilags of

been shown bv Lan- I^l'go (from Gegenbaur, after Furbringer). a,uteu huunu uy ±j,ui
simple, b, dividing, ceUs ; c canaUcuU ; d, an

kester that they de- empty cartilage capsule with itji pores ; «, canali-

velop as open pits
<:"ii"8«=«™-

(fig. 121, (5), (6), o), which gradually close up, the com-

munication with the exterior becoming narrowed into a

fine canal, which is reflected over one end of the sac, and

finally has its external opening obliterated. A single

otolith only is found in all Dibranchiata.

The eye of NautUus is among the most interesting struc-

tures of that remarkable animal. No other animal which

has the same bulk and general elaboration of organization

has so simple an eye as that of Nautilus. When looked

at from the surface no metallic lustre, no transparent

coverings, are presented by it. It is simply a slightly pro-

jecting hemispherical box like a kettle-drum, half an inch

in diameter, its surface looking like that of the surrounding

integument, whilst in the middle of the drum-membrane is

a minute hole (fig. 91, u). Owen very naturally thought

that some membrane had covered this hole in life, and had

been ruptured in the specimen studied by him. It, how-

ever, appears from the reser.rches of Hensen (41) that the

hole is a normal aperture leading into the globe of the eye,'

which is accordingly filled by sea-water during life. There

is no dioptric apparatus in Nautilus, and in place of refract-

ing lens and cornea we have actually here an arrangement

for forming an image on the principle of "the pin-hole

camera." There is no other eye known in the whole animal

kingdom which is so constructed. The wall of the eye-

globe is tough, and the cavity is lined solely by the naked

retina, which is bathed by sea-water on one surface and

receives the fibres of the optic nerve on the other (see fig.

118, A). As in other Siphonopods (e.ff., fig. 120, Hi, Be,

p), the retina consists of two layers of cells separated by a

layer of dark pigment The most interesting consideration

connected with this eye of Nautilus is found when the

further facts are noted—(1) that the elaborate lens-bearing

eyes of Dibranchiata pass through a stage of development

in which they have the same structure as the eye of Nautilus

—namely, are open sacs (fig. 119) ; and (2), that amongst

other MoUusca examples of cephalic eyes can be found which

in the adult condition are, like the eye of Nautilus and the

developing eye of Dibranchs, simple pits of the integument,

the cells of which are surrounded by pigment and connected

with the filaments of an optic nerve. Such is the structuro

C Z^
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Fio. 718.—Diagrams of sections of the eyes of Mollnsca. A. Nautilus (and

Patella). B. Gastropod (Limax or Helix). C. Dibranchiate Siphonopod
(Oigopsid). Pal, eyelid (outermost fold) ; Co, cornea (second fold) ; fr, iris

(third fold) ; InO, a, s, 4, different parts of the integum£nt ; (, deep portion
of the lens ; l^, outer portion of the lens ; Co.ep, ciliary body ; R, retina

;

N,op, optic nerve; G.op, optic ganglion; i, inner layer of the retina; N.S,

nervous stratum of the retina. (From Balfour, after Grenacher.)

of the eye of the Limpet (Patella) ; and in such a simple eye

we obtain the clearest demonstration of the fact that the

retina of the MoUuscan cephalic eye, like that of the

Arthropod cephalic eye and unlike that of the Vertebrate

myelonic eye, is essentially a modified area of the general

epiderm, and that the sensitiveness of its cells to the action

of light and their relation to nerve-filaments is only a

specialization and intensify ing of a property common to the

whole epiderm of the surface of the body What, however,

strikes us as especially remarkable is th?Lt the simple form

of a pit, which in Patella serves to accumulate a secretion

which acts as a refractive body, should in Nautilus be

glorified and raised to the dignity of an efficient optical

apparatus. Natural selection has had an altogether excep-

tional opportunity in the ancestors of Nautilus. In all other

Jilollusca, starting as we may suppose from thQ follicular or

pit-like condition, the eye has proceeded to acquire the form

of a closed sao, the cavity of the closed vesicle being then

filled partially or completely by a refractive body (lens)

secreted by its walls (fig. 118, B). This is the condition

attained in most Gastropoda. It presents a striking contrast

to the simple Arthropod eye, where, in consequence of the

existence of a dense exterior cuticle, the eye does not form

a vesicle, and the lens is always part of that cuticle.

In the Dibranchiate division of the Siphonopoda thd

greatest elaboration of the dioptric apparatus of the eye

is attained, so that we have in one sub-class the extremes

of the two lines of development of the MoUuscan eye, those

two lines being the punctigerous and the lentigerous. The
structure of the Dibranchiate's eye is shown in section in fig.

118, C, and in fig. 120, and its development in fig. 119 and
fig. 123. The open sac which forms the retina of the young
Dibranchiate closes up, and constitutes the posterior chamber
of the eye, or primitive optic vesicle (fig. 123, K,poc). The
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Jens forms as a strtictureless growth, projecting inwirds from

the front wall of this vesicle (fig. 1 23, B, I). The integument

around the Drimitive optic vesicle which has sunk below

A

Pio. 119,—Diflgrama of sections showing the early stage of development of the

eye of Loligo when it is, like the permanent eye of Nautilus and of Patella,

an open sac. A, First appearance of the eye as & ring-like upgrowth. B.

Ingrowth of the ring-like wall so as to form a sac, the primitive optic vesicle

of Loligo. (From linkester.)

the surface now rises up and forms firstly nearest the nyi-'j

of the eye the iridian folds {if in B, fig. 123 ; ik in fig; 120
;

Ir in fig. 118), and then secondly an outer circular fold

grows up like a wall and completely closes over the iridian

folds and the axis of the primitive vesicle (fig. 120, C).

This covering is transparent, and is the cornea. In the

oceanic Decapoda the cornea does not completely close,

but leaves a central aperture traversed by the optic axis.

These forms are termed Oigopsidse by d'Orbigny (42), whilst

the Decapoda with closed cornea are termed Myopsidse.

In the Octopoda the cornea is closed, and there is yet

another fold thrown over the eye. The skin surrounding

the cornea presents a free circular margin, and can be drawn
over the surface of the cornea by a sphincter muscle. It

thus acts as an adjustable diaphragm, exactly similar in

Pia ISO.—Horizontal section of the eye of Sepia (Myopsid). KK, cephalic

cartilages (see Vlg. 110); C, cornea (closed); L, lens; ci, ciliary body; Si,

Internal layer of the retina ; Se, eit«mal layer of the retina ; p, pigment
between these ; o, optic nerve ; ffo, optio ganglion ; k and f , capsular cartilage ;

(I, cartilage of the iris ; w, white body ; cw, argentine integument. (From
(Segenbaur, after Hensen.)

movement to the iris of Vertebrates. Sepia and allied Deca-

pods have a horizontal lower eyelid, that is to say, only

one-half of the sphincter-like fold of integument is movable.

The exact history of the later growth of the lens in the

Dibranchs ' eye is not clear. As seen in fig. 120, it appears,

after attaining a certain size, to push through the front

wall of the primitive optic vesicle at the point correspond-

ing to its centre of closure, and to project a little into the

anterior chamber formed by the cornea. The wall of the

primitive optic vesicle adjacent to tte embedded lens (L)
now becomes modified, forming a so-called "ciliary body,"
in which muscular tissue is present, serving to regulate the
focus of the 'lens {ci in fig. 120). Bobretzky (43) differs

from Lankester, whose view is above given, in assigning a
distioct origin to the protruding anterior segment of the
lens (;i in fig. 118). The optic ganglion, as well as the
other large ganglia of the Dibranchiata, originate in the
mesoblast of the embryo. The connexion between the cells

of the retina and the nerve-fibres proceeding from the optic
ganglion must therefore be a secondary one.

Chromaiophores.—In Nautilus these remarkable struc-

tures, which we mention here as being intimately asso-

ciated with the nervous system, appear to be absent. In
Dibranchiata they play an important part in the economy,
enabling their possessor, in conjunction with the discliarge

of the contents of the ink-bag, to elude the observation of

either prey or foe. They consist of large vesicular cells

(true nucleated cells converted into vesicles), arranged in

a layer immediately below the epidermis. Each chrorrt?.-

tophore-ceU has from sis to ten muscular bajids attached
to its walls, radiating from it star-wise. The contraction

of these fibres causes the chromatophore-cell to widen
out ; it returns to its spherical resting state by its o'vra

elasticity. In the spherical resting state such a cell may
measure '01 mm., whilst when fully stretched by its radiat-

ing muscles it covers an area of "5 mm. The substance
of the chromatophore-ceUa is intensely coloured with one
of the following colours—scarlet, yellow, blue, brown

—

which are usually of the greatest purity and brilliance. The
action of the chromatophores may be watched most readily

in young Loligo, either under the microscope or with the

naked eye. The chromatophores are suddenly expanded,
and more slowly retracted with rapidly-recurring alter-

nation. AU the blue, or all the red, or all the yellow

may be expanded and the other colours left quiescent.

Thus the animal can assume any particular hue, and
change its appearance m a dazzling way with extraordinary

rapidity. There is a definite adaptation of the colour

assumed in the case of Sepia and others to the colour of

the surrounding rock and bottom.

Gonads and Genital Ducts.—In Nautilus it has recently

been shovra by Lankester and Bourne (37) that the genital

ducts of both sexes are paired right and left, the left duct

being rudimentary and forming the " p3Triform appendage,"
described by Owen as adhering by membranous attach-

ment to the ventricle of the heart, and shown by Kefer-

stein to communicate by a pore with the exterior. Thus
the Cephalopoda agree with our archi-Mollusc in having
bilatersdly symmetrical genital ducts in the case of the

most archaic member of ths class. The ovary (female

gonad) or the testis (male gonad) lies in Nautilus as in

the Dibranchs in a distinct cavity walled off from the

other viscera, near the centro-dorsal region. This chamber
is formed by the ccelomic or peritoneal wall ; the space

enclosed is originaDy part of the coelom, and in Sepiai

and Loligo is, iu the adult, part of the viscero-pericardial

chamber. In Octopus it is this genital chamber which
communicates by a right and a left canal with the nephrid-

ium, and is the only representative of pericardium. The
ovary or testis is itself a growth from the inner waU of this

chamber, which it only partly fills. In Nautilus the right

genital duct, which is functional, is a simple continuation

to the pore on the postero-dorsal surface of the membran-
ous wsJls of the capsule in which lies the ovary or the

testis, as the case may be. The gonad itself appears to

represent a single median or bilateral organ.

The true morphological nature of the genital ducts of the

Cephalopoda and of other Mollusca is a subject which invites

speculation and inquiry. In all the cases in which such
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ducts continuous with thi iunic of the gonad itself occur

—

viz., in Nematoid worms, in Axtliropoda, and in Teleostean

fishes, besides Mollusca—there is an absence of definite

knowledge as to the mode of development cf the duct.

It seems, however, from such facts as have been ascer-

tained that the gonad lies at first freely in the coelom,

and that the duct develops in connexion with the genital

pore, and attaches itself to the embryonic gonad, or to the

capsule which grows around it. The question then arises

as to the nature of the pore. In other groups of animals

we find that the pore, and fxmnel or tube connected with

it by which the genital products are conveyed to the

exterior, is a modified nephridium (usually a pair, one

tight and one left). Is it possible that this is also the

case where the duct very early becomes imited to the

gonad, and even gives rise to the appearance of a tubular

ovary or testis ? Probably this is the case in Teleostean

fishes (see Huxley's observations on the oviducts of the

emelt, 44) ; but it seems to be a tenable position that in other

cases, including the Mollusca, the genital pore is a simple

opening in the body-wall leading into the body-cavity

or coelom, such aa we find on the dorsal surface of the

earth-worm, which has become specialized for the extrusion

of the genital products. Possibly, as in Nemertine and

Cluetopod worms, the condition preceding the development

of these definite genital pores was one in which a temporary

rupture of the body-wall occurred at the breeding season,

and this temporary aperture has gradually become perma-

nent. The absence of genital pores in Patella, and some

LameUibranchs which make use of the nephridia for the

extrusion of their genital products, suggests that the very

earhest Mollusca or their forefathers were devoid of genital

ducts and pores. In no MoUusca, however, is the nephrid-

ium used in the same way as a genital duct as it is in the

Chsetopoda, the Geph)Taea, and the Vertebrata ; for the

open mouth of the nephridium in MoUusca leads into the

pericardial space, and it is not through this space and this

mouth that the genital products of any Mollusca enter

the nephridium (except perhaps in Keomenia), although

it is by this mouth that the genital products enter the

nephridium in the former classes above named. Hence

the arrangement in Patella, &c., is to be looked upon as a

special development from the simpler condition when the

Mollusca brought forth by rupture ( = schizodinic, from wSi's,

travail), and not as derived from the common arrangement

of adaptation of a nephridium to the genital efferent func-

tion' ( = nephrodinic).!

The functional oviduct of NautUua forms an albumini-

parous gland as a diverticulum, which appears to corre-

spond to a dilatation in the male duct, which succeeds the

testis itself, and is called the " accessory gland." The male

duct has a second dilatation (Needham's sac), and then is

produced in the form of a large papilla. In Dibranchs

the genital ducts are but little more elaborated. They are

ciliated internally. In female Octopoda, in Ommastrephes,

vand in one male Ootopod {Eledone moschata) the genital

ducts are paired, opening right and left of the anus. But
in all other Dibranchs a single genital duct only, is deve-

loped, viz., that of the left side, and leads from the genital

capsule or chamber of the gonad to an asymmetrically-placed

pore. In the male Dibranchs the genital duct is coiled

and provided with a series of glandular dilatations and

^ Coeloraato animals are, according to tliis nomenclature, either

Schizodinic or Porodinic. The Porodinic group is divisible into Ne-
phrodinic and 'diodinic, in the former the nephridium serving aa a

pore, in the latter a special (Wtoj) pore being developed. In each of

these latter-groups the pore may be—(1) devoid of a duct, (2) provided

•with a duct which is unattached to the gonad and opens into tlie body-

cavity, (3) provided with a duct which fuses with the gonad. The
genital ducts of Idiodlnic forma may be called Idiogonaducts, as dis-

tinguished from the Nephrogonadacta of Eephrodinic forms.

recq)tacles. These are connected vrith the formation of

the spennatophores. Jn the Siphonopoda the spermatic

fluid does not flow as a liquid from the genital pore, but

the spermatozoa are made up into little packets before

extrusion. In other Mollusca (Puhnonata) and in -other

animals (Chsetoppda) this- formation of " sperm-ropes " is

known, but in the Siphonopoda it attains its highest

development. Exceedingly complicated structiires of a

cylindrical form (sometimes an inch in length) are formed

in the male genital duct by a secretion which embeds and

cements together the spermatozoa. They are formed in

Nautilus as well as in Dibranchs, the actual manner in which

their complicated structure is produced being not easily con-

jectured. Accessory glands not forming part of the oviduct,

but furnishing the material for enclosing the eggs inan elastic

envelope, are found as paired structures, opening some way
behind the anus in Nautilus (101, g.n.) and in. the Di-

branchs. They are known as the nidamental glands. In

the female Sepia they are particularly large and prominent,

and are aecompamed by a second smaller pair.

Reproduction and Development.—The details -of sexual

congress and of the actual fertilization of the egg are quite

unknown in Nautilus, and imperfectly in the Dibranchs

and the Pteropoda. Allusion has already been made to

the subject in connexion with the hectocotylized arm. The
mature eggs of Nautilus are unknown, as well as the appear-

ance which they present when deposited In the Dibranchs

the eggs are always very large ; in some cases the amount
of food-yelk infused into the original egg-cell is so great aa

to give it the size of & large pea. This results in that

mode of development which is only known outside this

class among the Vertebrata ; it is discoblastic. The proto-

plasm of the fertilized egg-cell segregates to one pole of

the egg, and there undergoes cell-division, restdting in the

formation of a disc of cleavage cells (fig. 121, (1)) resem-

bling the cicatricula of the hen's egg, which subsequently

spreads over and invests the whole egg (fig. 121, (2)). For
details of this process we must refer the reader to other

works (45, 46) ; but it may here be noted that in addition to

the layer of cleavage cells, which consists of more than one
stratum of cells in the future embryonic area as opposed
to the yelk-sac area, .additional cells are formed in the

mass of residual yelk apparently by an independent process

of segregation, each cell having a separate origin, whence
they are termed "autoplasts." The autoplasts eventually

form a layer of fusiform cells (fig. 121, (7), h; fig. 122, m;
and fig. 123, jos),—the "yelk-membrane" which everjrwhere

rests upon and encloses the residual yelk. The cleavage

cells form a single layer on the yelk-sac area and two layers

on the embryonic area, an outer layer one cell deep (fig. 122,

ep), and an inner—the middle layer of the three—which
is often thick and many cells deep (fig. 122, m). There is

great difficulty here in identifying the layers with the three

typical layers of other animal embryos, except in regard
to the outermost, which corresponds with the epiblast of

Vertebrates in many respects. The middle layer, however,
gives rise to the nerve-gangUa as well as to the muscles,

coelom, and skeleto-trophic tissues, and to the mid-portion
of the alimentary canal with its hepatic diverticula, the

liver (see fig., 121, (7) and explanation, where the origin of

the mid-gut as a vesicle r is seen). It is clearly, therefore,

something more than the mesoblast of the Vertebrate,

giving rise, as it does, to important organs formed both by
epiblast and hypoblast in other animals. Lastly, the yelk-

membrane, though corresponding to the Vertebrate hypo-
blast in position and structure, furnishes no part of the

alimentary tract, but disappears when the yelk is com-
pletely absorbed. In fact, the developmental phenomena
in Sepia, Loligo, and Octopus are profoundly perturbed by
the excessive proportion of food-yelk. Balfour has shown
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that in the chick the orifice of closure of the overspreading

blastoderm does not represent the whole of the blastopore,

Fio. 121.—Derolopment of LoUgo. (1) Tie-v of the cleavage of the egg dnring
the flrat formatioa of emhryonic cells. (2) Lateral view of the egg at a little

later stage, a, limit to v/bich the layer of cleavage^cells has spread over the

egg; ^.portion of the egg(shaded)a3 yet uncovered by cleavagft-ceUa; ap, the
aatoplasta ; fcp, cleavage-pole where first cells were formed. (3) Later stage,

the limit a now extended so as to leave hot Little of the egg-siirface (b) onen-
closed. The eyes (d), moutli (eX and mantle-sac (li) have appeared. (4) Later
stage, anterior sojtace, the embryo is becoming nipped off from the yeli

sac (jg). (6) View of an embryo similar to (S) from the cieavage-pole or
centro-dorsal area. (6) Later stage, posterior surfacp. (7) Section in a
median dorso-ventral and antero-posterior plane of an embryo of the same
age as (4X (8) View of the anterior face of an older embryo. (9) View of the
posterior face of an embryo of the same age as (8). Letters in (3) to (9) :—a,
lateral Atiw of the mantle ; b, mantle-skirt ; c, supra-ocular invagination to
fbrm the " white body "

; d, the eye ; c, the month
; P, 2, 3, 4, 6, the five paired

processes of the fore-foot ; g, rhythmically contractile area of the yelk-sac,

which is itself a hemia-like protrusion of the median portion of the fore-foot

(see fig. 72"*) ; h, dotted line ahovring internal area occupied by yelk (food-

material of the egg) ; fc, first rudiment of the mid-foot (paired ridges which
unite to form the siphon or funnel) ; I, sac of the radula or Ungoal ribbon

;

m, stomach ; *i, rudiments of the gills (paired ctenidia); o, the otocysts,—

a

pair of invaginations of the surface of the mid-foot
; p, the optic ganghon

;

q, the distal portion of the ridges which form the siphon or mid-foot, k being
tne basal portion of the same stmctnre ; r, the vesicle-like rudiment of the in-

testine formed independently of the parts connected with the month, a, it, m,
and without invagination ; s, rudiment of the saJii-ary glands ; t in (7X the
shell-sac at an earlier stage open (see fig. 122), now closed up ; «, the open
shell-sac formed by an uprising ring-like growth of the centroniorsal area

;

w in (5), the mantle-skirt commencing to be raised up around the area of the
aheU-sac. In (7) m£s points to the middle cell-layer of the embryo, ep to the
outer layer, and h to the deep layer of fusiform cells which separates every-
where the embryo from the yelk or food-material lying within it. (Original)

but that this is in part to be sought in the widely-separated

primitive streak. The present writer haa little doubt that

a structure corresponding to the primitive streak of the

chick, and lying near the klastic pole, will be found in

Sepia and Loligo, and the strange vesicular origin of the

mid-gut will be traced to and explained by it.

Leaving this difficult question of the eeU-layers of the

embryo, we would draw the reader's attention to the series

of sketches representing the semi-transparent embryo of

Loligo, drawn in fig. 121. When the cleavage cells have
nearly enclosed the yelk, the upper or embryonic area

shows the rudiments of the centro-dorsal mantle-sac or

pen-sac, the mouth, the paired optic pits, and the paired

Fig. 122.—Section through the still open shell-sac occupying the centro-dorsal

area of an embryo of Loligo ; the position is inverted as compared with fig.

121 (3) and (7). ep, outer ceU-layer; m, middle cell-layer; m\ deep ceU-

layer of fusiform cells ; y, the granular yelk or food-material of the egg

;

sh$j the still open shell-sac. (From Lankester.)

otic pits (fig. 121, (3), (5)). The eye-pits close up (fig.

119), the orifice of the mantle-sac narrows, and its margin

becomes i:aised and freely produced as mantle-skirt

;

at the same time an hour-glass-like pinching in of the

whole embryo commences, separating the -embryo proper

from the so-called yelk-sac (fig. 121, (4) ). Around the
" waist " of constriction, pair by pair, ten lobes arise (fig.

121, (8) ),—the arms of the fore-foot. It now becomes

obvious that the yelk-sac is but the median surface of the

fore-foot bulged out inordinately by food-yelk, just as the

hind region of the foot is in the embryo slug (see fig. 72**,

and erplanation). Just as in. the slug, this dilated yelk-

holding foot is rhythmically contractile, and pulsates

steadily over the area g in fig. 121, (4). At this stage,

aqd long subsequently, the mouth of the young Cephalopod
is in no way surrounded by the fore-foot, but lies well

above its nascent lobes (e in fig. 121). Subsequently it

sinks, as it were, between the right and left most anterior

pair of the series, which grow towards one another and
fuse above it, and leave no trace of their original position

and relations. Fig. 121, (6) gives a view of the postero-

dorsal surface of an embryo, in which the important fact

is seen of the formation of the funnel or siphon by the

union of two pieces {q), which grow up each independently,

one right and one left, like the sides of the siphon of

Nautilus or the swimming lobes of a Pteropod, and subse-

quently come together, as shown in (9), where the same
letter q indicates the same part. The explanations of figs.

121 and 123 are given very fuU, and here, therefore, we
shall only allude to two additional points, A curious mass

of tissue of unknown significance occurs in the orbit of

Dibranchs, known as the white body {w in fig. 1 20). A
strongly-marked invagination just above the orbit is a very

prominent feature in the embryo of Loligo, Sepia, and

Octopus, and appears to give rise to this so-called white

body. This invaginated portion of the outer ceU-layer ia

seen in fig. 121, (8) and (9), lettered c; in fig. 123, A and

B, it is lettered wh.

Lastly, in fig. 123, A, the origin of tne opnc nerve-

ganglion ng from the cells of the middle layer should be

especially noticed. In some other Molluscs the nerv&-

ganglia have been defiiitelry traced to the outer cell-layer.
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whilst in some Gastropods, according to Bobretzky, they

originate, as here shown, for Loligo.

The egg-coverings of the Dibranchiate are very complete.

Argonauta and Octopus deposit each egg in a firm o\al

case, thrn and transparent, which has a long stalk by

which (in Octopus) the egg is fixed in company with two

or three hundred others to some foreign object. Sepia

encloses each egg in a thick envelope of many layers

resembling india-rubber. Loligo encloses many rows of

eggs in a copious tough jelly, and affi.xes a dozen or twenty

such egg-strings to one spot. Sepia and Loligo desert

their eggs when laid. The female Octopus most jealously

Fio. 123.—Right and left sections through embryos of Loligo, A. Same stage
as fig. 121 (4). B. Same stage as fig. 121 (8) ; only the left side of the sections

is dra^vn, and the food-material which occupies the space internal to the
membrane ym ia omitted, at, rectum ; is, ink-sac ; cp, outer cell-layer ; mes,

middle cell-layer ; ym, deep cell-layer of fusifonn cells (yelk-membrane) ; ng,

optic nerve-ganglion ; ot, otocyst ; vb, the "white body " of the adult ocular
capsule forming as an invagination of the outer cell-layer ; ml/, mantle-skirt

;

g, gill ; ps, pen-sac or shell-sac, now closed ; dg, dorsal groove ; poc, primitive

optic vesicle, now closed (see fig. 119); 1, lens; r, retina; soc, second or anterior
optic chamber still open ; if, iridean folds. C. The primitive invagination to
form one of the otocysts, as seen in fig. 121 (5) and (6). (After Lankester.)

guards them, building a nest of stones and incubating.

Argonauta carries hers with her in a special brood-hplding

shell.

The development of the Pteropoda, so far as is known,
p^'esents no points of contact with that of the Siphonopoda
rather than with that of the Gastropoda, owing to the fact

that in theni the egg has not an excess of food-yelk. Con-
sequently, we find typical trochosphere and veliger larvse

among the Thecosomata (fig. 8, C, and fig. 81), whilst the

isolated observation of Gegenbaur has made known very

remarkable larvse referable to the Gymnosomata, and with

little doubt to Pneumodermon (fig. 84). The former set of

larvse are sufficient to demolish once for all the view which
has been entertained by some zoologists, viz., that the velar

disc of the veliger larva is the same thing as the ptero-

podial lobes of the mid-foot of Pteropoda. The latter

larvse are of importance in showing that, as in embryo
Siphonopods so in embryo Ptei;opods, the sucker-bearing

lobes of the fore-foot are truly podial structures, and only

embrace the head and surround the mouth as the result of

late embryonic growth.

Branch B.—LIPOCEPffALA.
Characters.—Mollusca with the head rcgj/in undeveloped.

No cephalic eyes are present ; the buccal cavity is devoid

of biting, rasping, or prehensile organs. The animal is

sessile, or endowed with very feeble locomotive powers.

The Lipocephala comprise but one class, the Lamelli

branchia, also known as Elatobranchia and Conchifera.

Cla»: LAMELLIBRANCHIA
Characters.— Lipocephala in which the archaic bha-

TERAL SYMMETRY of the Mollusca is usuaUy fully retained,

and raised to a dominant feature of the organization by the

lateral compression of the body and the development of the

shell as two bilaterally symmetrical plates or valves cover-

ing each one side of the animal. The foot is commonly a

simple cylindrical or ploughshare-shaped organ, used for

boring in sand and mud, and more rarely presents a crawl-

ing disc similar to that of Gastropoda ; in some forms it is

aborted. The paired ctenidia are very greatly developed

right and left of the elongated body, and form the most

prominent organ of the group. Their function is chiefly

not respiratory but nutritive, since it is by the currents

produced by their ciliated surface that food -particles are

brought to the feebly-developed mouth and buccal cavity.

. The Lamellibranchia present as a whole a somewhat
uniform structure, so that, although they are very numerous,

it is not possible to divide them into well-marked sub-classes

or sections, and orders. The chief points in which they

vary are—(!) in the structure of the ctenidia or branchial

plates
; (2) in the presence of one or of two chief muscles,

the fibres of which run across the animal's body from one

valve of the shell to the other (adductors)
; (3) in tb: greater

or less elaboration of the posterior portion of the mantle-

skirt so as to form a pair of tubes, by one of which water

is introduced into the sub-pallial chamber, whilst by the

other it is expelled
;
(i) in the perfect or deficient symmetrj-

of the two valves of the shell and the connected soft parts,

as compared with one another
; (5) in the development of

the foot as a disc-like crawling organ (Area, Nucula, Pectun-

culus, Trigonia, Lepton, Galeom'ma), as a simple plough-

like or tongue-shaped organ (Unionacea, &c.), as a re-curved

saltatory organ (Crxdium, &c.), as a long burrowing cylin-

der (Solenacea, &c.), or its partial (Mytilacea) or even com-
plete abortion (Ostracea).

The essential MoUuscan organs are, with these excep-

tions, uniformly well developed. The mantle-skirt is

always long, and hides the rest of the animal from view, its

dependent margins meeting in the middle line below the

ventral surface when the animal is retracted ; it is, as it

were, slit in the median line before and behind so as to

form two flaps, a right and a left ; on these the right and
the left calcareous valves of the shell are borne respectively,

connected by an uncalcifled part of the shell called the

ligament. In many embryo Lamellibranchs a centro-dorsal

PRIMITIVE SHELL-GLAND or foUicle has been detected (figs.

8 and 151). The mouth lies in the median line anteriorly,

the ANUS in the median line posteriorly.

Both CTENIDIA right and left are invariably present, the

axis of each taking origin from the side of the body as in

the schematic archi-Mollusc (see fig. 1 and fig. 131). A
pair of NEPHEIDIA opening right and left, rather far forward
on the sides of the body, are always present. Each opens
by its internal extremity into the pericardium. A pair of

GENITAL APERTURES, Connected by genital ducts with the

paired gonads, are found right and left near the nephridiai

pores, except in a few cases where the genital duct joins

that of the nephridium (Spondylus). The sexes are often,

but not always, distinct. No accessory glands or copulatory

organs are ever present in Lamellibranchs. The ctenidia

often act as brood-pouches.

A dorsal contractile heart, with symmetrical right and
left auricles (fig. 143, A) receiving aerated blood from the

ctenidia and mantle-skirt, is present, being unequally dc-
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veloped only in those few forms which are inequlvalTe.

The typical pepicabdium is well developed. It appears,

as in other Mollusca, not to be a blood-space although

developed from the ccelom, and it communicates with the

exterior by the pair of nephridia. As in Cephalopoda (and

possibly other Mollusca) water can be introduced tbaough

the nephridia into this space. The alimentaet canal
keeps very nearly to the median vertical plane whilst ex-

hibiting a number of flexures and loopings in this plane.

A pair of large glandular outgrowths, the so-called " liver
"

or great digestive gland, exists as in other Molluscs. A
pair of pedal otocysts, and a pair of ospheadia at the

base of the gills, appear to be always present. A typical

NERVOUS SYSTEM 13 present (fig. 144), consisting of a

cerebro-pleuro-visceral ganglion-pair, united by connectives

to a pedal ganglion-pair and an osphradial ganglion-pair

(
parieto-splanchnic).

A special caecum connected with the pharynx is some-

times found, containing a tough flexible cylinder of trans-

parent cartilaginous appearance and unknown significance,

called the " crystalline style " (Mactra), which possibly

represents the radular sac of Glossophora. In many Lamelli-

branchs a gland is found on the hinder surface of the foot

in the mid line, which secretes a substance which sets into

the form of threads—the so-called " byssus "—by means of

which the animal can fix itself. Sometimes this gland is

found in the young and not in the adult (Anodon, Unio,

Cyclas). In some •Lamellibranchs (Pecten, Spondylus,

Pholas, Mactra, Tellina, Pectunculas, Galeomma, &c.),

although cephalic eyes are always absent, special eyes

are developed on the free margin of the mantle-skirt,

apparently by the modification of tentacles which are

commonly found there (fig. 145). The existence of pores

in the foot and elsewhere in Lamellibranchia by which liquid

can pass into and out of the vascular system, although

asserted as in the case of othet Mollusca, appears to be

improbable. It Las yet to be shown by satisfactory micro-

scopic sections that the supposed pores are anything but

epidermal glands.

The' Lamellibranchia live chiefly in the sea, some in

fresh waters. A very few have the power of swimming by
opening and shutting the valves of the shell (Pecten, Lima)

;

most can slowly crawl or rapidly burrow , others are, when
adult, p^imanently fixed to stones or rocks -either by the

shell or the byssus. In development some Lamellibranchia

pass through a free-swimming trochosphere stage with prse-

oral ciliated band ; other fresh-water forms which carry the

young in brood-pouches formed by the ctenidia have sup-

pressed this larval phase.

The following classification and enumeration of genera

ate based primarily upon the characters of the adductor
muscles. The Heteromya and Monomya must be conceived

of as derived from forms resembling such Gastropodous
Isomya as Nucma and Trigonia, which undoubtedly are

the nearest living representatives of the ancestral Lipo-

cephala, and bring us nearest to the other branch of the

Mollusca, the Glossophorsu

Order 1.—^Isomya.

Character.—AntaiioT and posterior adductor muscles of approxi-
mately equal size.

Sub-order I.

—

Integripallia.

Characters.—Marginal attacliment of the mantle to the shell not
inflected to form a sinus ; siphons not developed in some, present
in most.

Family 1.

—

Arcacca.

Genera: Area, L. (fig. 132) ; CucullMa, Lam. ; Feclvnculiis, Lam.

;

Zimopns, Sassi ; Kucula, Lam. (fig. 134) ; Jsoarca, Miinster

;

Leda, Schu. ; Toldia, JIoll. ; Solenella, Sowerby, &c.
Family 2.

—

Tri^oniacea.

Genera: Tiigmia, Bnig. ; Axinwi, Sow. ; Lyrodcsma, Conrad.

Family 3.

—

Unionacea.
G^era : Vnio, Retz. ; Caslalia, Lam. ; Anodon, Cuv. (figs. 12t

&c.) ; Iridina, Lam. ; Mycelopus, d'Orb., to.
Family 4.

—

Lucinacea.
Genera : Lucina, Brag. ; CorUs, Om. ; Diplodonta, Brovm

j

Kellia, Turton ; ilontacvia, Turton ; Lepton, Turton ; Gale-
omma, Turton ; Astarte, Sow. ; Crassatella, Lam. ; Cardinia,
A^. ; Cardila, Brag., &c.

Family 5.

—

Cyprinacca.
Genera

: Tridacna, Da C. ; Chama, L. ; Dimya, Bon. ; Diceras,
Lk. ; Isocardia, Lam. ; Bippopodium, Sow. ; Cardium, L. ;

Corbicula, Jleg. ; Cyrena, Lie; Cyclas, Brag. (fig. 146)'; Pisid-
ium, Pfr. (figs. 148-153) ; Cyprina, Lam., &c

Sub-order 2.

—

Sinupallim.

Characters.—Marginal attachment of the mantle to the shell in-
flected so as to form a sinus into which the palliaj siphons can be
withdrawn • siphons always present, and large.

Family 6.— Veneracca.
Genera : Cypricardia, Lam. ; Tapes, MegL ; Vyctina, Uesn. ;

Cyiherea, hum. (figs. 125, &c.) ; Chione, Megl. ; Venus, L. ;

Lticinopsis, F. H. ; Sanguinolaria, Lam. ; Psammobia, Lam.
(fig. 130) ; Tellina, L. ; Donax, L. ; Scrobicularia, Schn. ;

Cumingia, Sow. ; Rangia, DsmL ; Mactra, L. (fig. 140) ; Trigo-
Txlla, Da C. ; Vaganella, Gr. ; Lutraria, Lam.

Family 7.

—

Myacea.
Genera : ilyochama, Stb. ; Chamoslrea, Eois ; Pandora, SoL

;

Thracia, Leach ; Thetis, Sow. ; Pholadomya, Sow. ; Corbula,
Brug. ; Mya, Lam. ; Saxicava, Fleur ; Panopssa, Ad. ; Glyci
meris. Lam. ; Siliqua, Mhlf., &c. ; Solen, L.

Family 8.

—

Pholadacea.
Genera : Clavagella, Lam. ; Aspergillum, Lam. (figs. 128, 129)

:

Eumphreyia, Gr. ; Pholas, L. ; Pholadidea. Turt : TerejJjt T.

Teredina, Lam, ; Furcella, Oken, &c.

Order 2.—Heteromya.
Characters.—Anterior adductor (pallial adductor) much smaller

than the posterior adductor (pedal adductor) ; siphons rarely present
FamOy 1.

—

Mytilacea.
Genera : Mytilus, L. (fig. 133) ; ilodiola. Lam. ; Crenella, Brown ;

Lithodomus, Cut. ; Dreissena, Ben. (fig. 136) } ilodiolarca,
Gr., &c.

Family 2.

—

MullerioMo.
Genera : Aetheria, Lam. ; Mutleria, 'Eke,

Order 3.—Monomya
Characters.—Anterior adductor absent in the adult; siphons

never developed.

Family 1.

—

Aviculacea.
Genera : Cardiola, Brdp. ; Avicula. KL ; Mallciis, Lam. ; Iruh

ceramtis, Sow. ; Crenatula, Lam. ; Pema, Brag., &C.
Fam'Oy 2.—Ostracea.

'

Genera : Ostrea, L. (fig. 6) ; Anomia, L. ; Spondylus, L. ; Plicatula,

Lam. ; Vulsella, Lam. ; Lima, Brag. ; Pecten, L. ; Siunites,
Dfr., &c.

Fuiiher Eemarhs on ike Lamellibranchia.—The Lamelli-

branchia are the only members of the Lipocephalous branch

of Mollusca existing at the present day; and we must
suppose that, whilst on the one hand the earliest Glosso-

phorous forms were developing frona the archi-Mollusca by
the elaboration of the buccal apparatus, the bivalved sessile

Lamellibranchs were developing in another direction from

univalve cephalophorous ancestors. The large bUobed
mantle-flap with its pair of shells covering in the whole

animal, the current-producing largely-expanded ctenidia,

and the reduced cephalic region are characters which go

hand in hand, and were simultaneously acquired, each being

related to the development of the others. Unless the

" crystalline style " of Lamellibranchs is to be considered

as the rudiment of the " radular sac " of Giossophora, a-

suggested by Balfour, there is no indication whatever tha^

the ancestors of the Lamellibranchia had acquired a repre

sentative of the buccal apparatus—so highly developed in

Glossophora—before diverging from the archi-Mollusca

;

that is to say, the common ancestors of the two great

branches of Mollusca presented the distinctive character

of neither branch—they had not an aborted cephalic region,

and they had not a lingual ribbon.

As an example of the organization of a Lamellibranch,

we shall review the structure of the Common Pond-Mus.st!

(Anodonta cygnea), comparing its structure with those of
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other Lamellibranelila. The Swan Mussel has superficially

a perfectly-developed bilateral sj-mmetry. The left side of

the animal is seen as when removed from its ahell in fig.

124 (1). The valves of the shell have been removed by
severing their adhesions to the muscular arese h, i, k, I, m, u.

Plo. 134.—Diagrams of the externa! fonn and anatomy of Anodonta ct/d^tOy ttie
fond-Mussel ; In all the Ggiirea the animal is seen &om the left side, the
centro-doreal re^on nppermost, as in the drawings of fig. 75, which compare.
(1) Animal removed from its shell, a probe g passed into the sub-pallial
chamber throo^h the excarrent sipnonal notch. (2) View from the ventral
surface of an Anodon with its foot expanded and issuing from between the
gaping shells. (3) The left mantle-flap reflected npwarris so as to expose the
sides of the body. (4) Diagrammatic section of Anodon to show the course of
the alimentary canaL (5) The two gill-plates of the left side reflected npwards
so as to expose the flssnre between foot and gill where the probe g passes.
(6) Diagram to show the positions of the nerve-ganglia, heart, and nephridia.

Letters in all the flgnres as follows ;

—

a, centro-doraal area ; 6, margin of
the left mantle-flap; c, margin of the right mantle-flap ; d, excurrent siphonal
notch of the mantle margin; e, incurrent siphonal notch of the mantle
margin ; /, foot ; ^, probe passed into the saperior division of the sub-pallial
chamber through the excurrent siphonal notch, and issuing by the side of
the foot into the inierior division of the sub-pallial chamber ; k, anterior
hallial) addnctor muscle of the shells ; i, anterior retractor muscle of the
loot ; i, protractor muscle of the foot ; /, posterior (pedal) adductor muscle
of the shells ; m, posterior retractor muscle of the foot ; n, anterior labial
tentacle ; o, posterior labial tentacle

; j>, base-line of origin of the reflected
mantle-flap from the side of the body ; g, left external gUl-plate; r, left in-
ternal gill-platfi : rr, inner lamella of the right inner gill-plate ; rj, right outer
gill-plate; s, line of concrescence of the outer lamella of the left outer gill-
plate with the left mantle-flap ; t, pallial tentacles ; u, the thickened mus-
cular pallial margin which adheres to the shell and forms the paUial line of
the left side ; v, Uiat of the right side ; v, the moutb ; r, aperture of the left
organ of Bojanua (nephridium) exposed by cutting the attachment of the
inner lamella of the inner gill-plate

; j/, aperture of the genital duct ; j, fissure
between the free edge of the inner lamella of the inner gill-plate and the side
of the foot, through which the probe g passes into the upper division of the
snb-pallial space ; oo, line of concrescence of the inner lameUa of the right
Inner gill-plate with the inner lamella of the left inner gill-plate ; ai>, ac, ad,
three pit-lilce depressions in the median line of the foot supposed by some
writers, to be pores admitting water into the vascular system ; ae, left ahell
valve ; a/, space occupied by liver ; ag, space occupied by gonad ; ah, muscular
substance of the foot : ai, duct of the liver on the wall of the stomach ; ojfc,

stomach ; al, rectum traversing the ventricle of the heart ; am, pericardium
;

an, glandtilar portion of the left nephridium ; ap, ventricle of the heart ; aq,
apei'ture by which the left auricle jomed the ventricle ; ar, non-glandular por-
tion ofthe left nephridium ; cu, anus ; fit, pore leading from the pericardium into
flie glandular sac of the left nephridium ; au, pore leading from the ghindular
into the non-glandular portion of the left nephridium ; av, internal pore lead-
ing from the non-glandular poiiaon of the left nephridium to the e-xtemal
pore X ; avr, left cerebro-pleuro-visceral ganghon ; or, left pedal ganglion

;

ay, left otocyst ; ax, left ollkctory ganglion (parieto-splanchnic) ; bb, floor of
the pericardium separating that space irom tJie non-glandular portion of the
nephridia.

The-free edge of the left half of the mantle-skirt 6 is repre-

sented as a little contracted in order to show the exactly simi-

lar free edge of the right half of the mantle-skirt c. These
edges are not attached to, although they touch, one another;
each flap (right or left) can be freely thrown back in the way
which has been carried out in fig. 124, (3) for that of the

'eft side. This is not always the case with Lamellibranchs;

'^e^e is in the group a tendency for the corresponding

edges of the mantle-Rkirt to fuse together by concrescence,

and so to form a more or less completely closed bag, aa in

the Scaphopoda (Dentalium). In this way the notches

d, e oi the hinder part of the mantle-skirt of Anodon are in

the Siphonate forms converted into two separate holes, the

edges of the mantle being elsewhere fused together along

this hinder margin. Further than this, the part of the

mantle-skirt bounding the two holes is frequently drawn out

so as to form a pair of tubes which project from the shell (figs.

130, 141). In such Lamellibranchs as the oysters, scallops,

and many others which have the edges of the mantle-skirt

quite free, there are numerous tentacles upon those edges.

In Anodon these pallial tentacles are confined to a small area

surrounding the inferior siphonal notch (fig. 124, (3), t).

The centre-dorsal point a of the animal of Anodonta
(fig. 124, (1)) is called the nmbonaJ area ; the great anterior

muscular surface A is that of the anterior adductor muscle,

the posterior similar surface i is that of the posterior

adductor muscle ; the long line of attachment u is the

simple " paUial muscle,"—a thickened ridge which is seen

to run parallel to the margin of the mantle-skirt in this

LamellibrancL In some of the Siphonate Isomya, which
are hence termed "Sinupallia," the pallial muscle is not
simple but deeply incurved at the posterior region so as to

allow of the large pallial siphons being retracted within the

shell or expanded at will (fig. 127, and figs. 140, 141).
It is the approximate equality

in the size of the anterior and
posterior adductor muscles which
has led to the name Isoyma for /'/^ '('?'l-\>\-^-ZuiuiZ»
the group to which Anodon be-

longs. The hinder adductor
muscle may be considered as re-

presenting morphologically the

transverse fibres of the root of

the foot of Nautilus by which it

adheres to its shell (fig. 91, i), the

annular muscular area of Patella

(fig. 27,<t), and the columella muscle
of the Gastropods generally. It

is always large in Lamellibranchs,

but the anterior adductor may
be very small (Heteromva), or ^°i25.—viewofth8t»oraiTe»
^i . 1. ., /»! \ of the shell of Cytherea (one of
absent altogether (Monomya). the SinupaiUate isomy»i ft«m

The anterior adductor muscle is
t^e dorsal aspect,

in front of the mouth and alimentary tract altogether,

and must be regarded as a special and peculiar deve-
lopment of the median anterior part of the mantle-flap

width

ligameiU

Fio. 126.—Right valve of the same shell from the outer lwe>

in Heteromya and Isomya. Ainongst those Lamelli-
branchs which have only a posterior adductor (Monomya),
it is remarkable that the oyster has been found (by
Huxley) to possess, when the young shells and muscles
first develop, a well-marked anterior adductor as well as a
posterior one. Accordingly there is ground for supposing:
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i;^amef

that the ^lonomya have been developed from Isomya-

like ancestors, and have lost by atrophy their anterior

adductor. The single adductor muscle of the Monomya
is separated by a
difference of fibre

into two portions,

but neitherof these

can be regarded as

possibly represent

ing the anterior

adductor of the

other Lamelli-
branchs. One of

these portions ia

more ligamentous,

and serves to keep

the two shells con-

stantly attached to

one another, whilst r'ro. 127.—Left valve of the same shell from the Irmer

., J, , face. (Figs. 125, 126, 127 from Oweu)
the more fleshy por-

tion serves to close the shell rapidly when it has been gjiping.

In removing the valves of the shell from an Anodon, it

is necessary not only to cut through the muscular attach-

ments of the body-wall to the shell but to sever also a

strong elastic ligament, or spring resembling india-rubber,

joining the two shells about the umbonal area. The shell

of Anodon does not present these parts in the most strongly

marked condition, and accordingly our figures (figs. 125,

126, 127) represent the valves of the Sinupalliate genus

Cytherea. The corresponding parts are recognizable in

AJaodon. Referring to the figures (125, 126) for an ex-

planation of terms applicable to the parts of the valve and

the markings on its inner surface— corresponding to the

muscular area which we have already noted on the surface

of the animal's body—we must specially note here the posi-

tion of that denticulated thickening of the dorsal margin

of the valve which is called the hinge (fig. 127). By this

hinge one valve is closely fitted to the other. Below this

hinge each shell becomes concave, above it each shell rises a

little to form the umbo, and it is into this ridge-likeupgrowth

of each valve that the elastic ligament or spring is fixed (fig.

127). As shown in the diagram (fig.

127*) representing a transverse sec-

tion of the two valves of a LameUi-

branch, tht two shells form a double

lever, of which the toothed-hinged is

the fulcrum. The adductor muscles

placed in the concavity of the shells

act upon the long arms of the lever

at a mechanical advantage ; their con-

traction keeps the shells shut, and

stretches the ligament or spring h.

On the other hand, the ligament h

acts upon the short arm formed by

the umbonal ridge of the shells ; when-

ever the adductors relax, the elastic

substance of the ligament contracts,

and the shells gape. It is on this>,,ii c JJT. Fio.127*.—Diagram of aseo-

aCCOUnt that the valves Ot a dead L.a- tion of a Lamellibranch's

mellibranch always gape; the elastic f^%l^^{,Xb%^i
ligament is no longer counteracted by and left vaivea of the

the effort of the adductors. The state orlhJrt'afiklof th^iCTef;

of closure of the valves of the shell is e,/, the long arms of the

. . A .
•. • lever : y, the hinge : ft, the

not, therefore, one 01 rest ; wnen it is ligament ; i, the adductor

at rest— that is, when there is no n''^"'^-

muscular effort—the valves of a Lamellibranch are slightly

gaping, and are closed by the action of the adductors when

the animal is disturbed. The ligament is simple in Anodon

;

in many Lamellibranchs it is s^eparated into two layers, an

outer and an inner ^thicker andrdenser^. That the condition

of gaping of the shell-valves is essential to the life of the

Lamellibranch appears from the fact that food to nourish

it, water to aerate its blood, and spermatozoa to fertilize

its eggs, are all introduced into this gaping chamber by
cuiyents of water, which are set going by the highly-

developed ctenidia. The current of water enters into the

sub-pallial space at the spot marked e in fig. 124, (1),

and, after passing as far forward as the mouth w in fig. 124,

(5), takes an outward course and leaves the Bub-paUial

space by the upper notch d. These notches are knovm
in Anodon as the afferent and efferent siphonal notches

respectively, and correspond to the long tube-Uke afferent

inferior and efferent superior " siphons " formed by the

mantle in many other Lamellibranchs (fig. 130).

Whilst the valves of the shell are equal in Anodon we
find in many Lamellibranchs (Ostrsea, Chama, Corbula, &c.)

one valve larger, and the other smaller and sometimes flat,

whilst the larger shell may be fixed to rock or to stones

(Ostrsea, <fcc.). A further variation consists in the develop-

ment of' additional shelly plates upon the dorsal line be-

tween the two large valves (Pholadidae). In Pholas dactylus

we find a pair of umbonal plates, a dors-umbonal plate and
a dorsal plate. It is to be remembered that the whole of the

outicular hard product produced on the dorsal surface and
on the mantle-flaps is to be regarded as the "shell," of

which a median band-like area, the ligament, usually remains^

uncalcified, so as to result in the production of two valves

united by the elastic ligament. But the shelly substanee

does not always in boring forms adhere to this form after

its first growth. In AspergiUum the whole of the tubular

mantle area secretes a continuous shelly

tube, although in the young condition two
valves were present. These are seen (fig.

129) set in the firm substance of the adult

tubular shell, which has even replaced the

ligament, so that the tube is complete. In

Teredo a similar tube is formed as the animal

elongates (boring in wood), the original shell-

valves not adhering to it but remaining mov-
able and provided with a special muscular

apparatus in place of a ligament.

Let us now examine the organs which lie

beneath the mantle-skirt of Anodon, and ar»

bathed by the current of water which cir-

Fig. 128. Fig. 129.

Fig. 128.—Shell of JspergiUum vagini/enm (from Owen).

Fia 129.—SheU of AspergUlum vaginiferum to show the original valves a, »ow
embedded in a continnous calCiflcation ot tubular form (from Owen).

culates through it. This can be done by lifting up and

throwing back the left half of the mantle-skirt as is re-

presented in fig. 124, (3). "We thus expose the plough-

like foot (/), the two left labial tentacles, and the two

left gill-plates or left ctenidium. In fig. 124, (5), one of

the labial tentacles a is also thrown back so as to shcT.
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Ihe mouth w, and the two left gill-plates are reflected

so as to show the giU-pIates of the right side (rr, rq) pro-
jecting behind the foot, the inner or median plate of each
side being united by concrescence to its fellow of the
opposite side along a continuous line (act). The left inner
gill-plate is also snipped so as to show the subjacent orificet

of the left nephridium x, and of the genital gland (testis or
ovary) y. The foot thus exposed in Anodon is a simple
muscular tongue-like organ. It can be protruded between
the flaps of the mantle (fig. 124, (1), (2)) so as to issue

from the shell, and by its action the Anodon can slowly
crawl, or burrow in. soft mud or sand. It has been sup-
posed that water is taken into the blood-vessels of the
Anodon through pores in the foot, and in spite of opposi-

tion this view is still maintained (Griesbach, 47). In fig.

124, (2) the letters ab, ac, ad, point to three pit-like depres-

sions, supposed by Griesbach to be pores leading into the
blood-system. According to Carrifere (48) these pits are

nothing but irregularities of the surface; in some cases

ibey are the entrances to ramified glands. Other LameUi-
branchs may have a larger foot relatively than has Anodon.
la Area it has a sole-like surface. In Area too and many
others it carries a byssus-forming gland and a byssus-
cementing gland. In the Cockles, in Cardium, and in

Trigonia, it i« capable of a sudden stroke, which causes
the animal to j'unp when out of the water, in the latter

and the posts -ior a continuation of the inner gill-plate.

There is no embryological evidence to support this sug-

gested connexion, and, as will ajjpear immediately, the

history of the gill -plates in various forms of Lamelli-

braiichs does not directly favour it. Yet it is very prob-

able that the labial tentacles and gill -plates are modi-

fications of a double horseshoe -shaped area of ciliated

filamentous processes which existed in ancestral MoUusca
much as in Phoronis and the Polyzoa, and is to be com-

pared with the continuous pr»- and post-oral ciliated baud
of the Echinid larva Pluteus and of Tornaria (49).

The gill-plates have a structure very different from that

of the labial tentacles, and one which in Anodon is singu-

larly complicated as compared with the condition presented

by these organs in some other Lamellibranchs, and with

what must have been their original condition in the ances-

tors of the whole series of living Lamellibranchia. The
phenomenon of " concrescence '' which we have already had
to note as showing itself so importantly in regard to the

free edges of the mantle-skirt and the formation of the

siphons, is what, above aU things, has complicated the

structure of the Lamellibranch ctenidium. Our present

knowledge of the interesting series of modifications through
which the Lamellibranch giU-plates have developed to their

most complicated form is due to R. Holman Peck (50)
and to Mitsukuri (51). The MoDuscan ctenidium is typi-

cally, as shown in fig. 2, a plume-like struc-

ture, consisting of a vascular axis, on each

side of which is set a' row of numerous la-

meUiform or filamentous processes. These
processes are hollow, and receive the venous
blood from, and return it again aerated into,

the hollow axis, in which an afierent and an
efferent blood-vessel may be differentiated.

_ In the genus Nucula (fig. 134), one of the
Pio JSO.—PsamMibtaflortda, right side, showins cnandocl foot e, and g inciirrent and g" excarrent Arcaccse we have an example' of a Lamelli-

siphons (from Oweu). , i ' . • ,i,- i i-i j r -ubranch retammg this plume-uke form of gilL

genus to a height of four feet. In Mytilus the foot is

reduced to little more than a tubercle carrying the aper-

tures of these glands. In the Oycter it is absent alto-

gether.

The labial tentacles of Anodon (», o in fig. 124, (3), (5)

)

are highly vascular

flat processes richly

supplied with nerves.

The left anterior ten-

tacle (seen in the

figure) is joined at

its base in front of

the mouth (w) to the

right anterior ten-

tacle, and similarly

the left (o) and right

posterior tentacles

are joined behind the

mouth. Those of

Area (:,i- in fig. 132)
show this relation to

the mouth (a). These

organs are character-

istic of all Lamelli-

branchs; they do not

vary except in size,

being sometimes
drawn out to

Btreamer-like dimen-

sions. Their appear-

ance and position suggest thrvt t!>cy are in some way
related morphologically to the gill-plates, the anterior

labial tentacle being a continuation of the outer gUl-plate,

Fio. ftl.—Diagram of a view from the left side of
the animal of Anodonta cygne^a^ from which the
mantle-skirt, the labial tentacles, and the gill-

fllaments have been entirely removed so as to
show the relations of the axis of tlie gill-plumes
or ctenidia g, ft. a, centro-dorsal area ; 6, ante-
rior adductor muscle ; c, posterior adductor
muscle ; d, mouth ; e, anus ; /, foot

; g, free por-
tion of the axis of left ctenidium : ft, axis of
richt ctenidium j fe, portion of the axis of the
left ctenidium which is fused with the base of
the foot, the two dotted lines indicating the
origins of the two rows of giU-fllaments ; m, line
of origin of the anterior labial tentacle ; n, ne-
phndial aperture ; o, genital aperture ; r, line
of origin of the posterior labial tentacle, (Ori*
ginal.)

In other Arcace* (e.ff., Area and Pectunculus) the lateral

processes which are set on the axis of the ctenidium are not

lamellae, but ars slightly-flattened, very long tubes or hol-

low filaments. These fila-

ments are so fine and ere

set so closely together

that they appear to form
a continuous membrane
until examined with a
lens. The microscope

shows that Ihe neighbour-

ing filaments are held to-

gether by patches of cilia,

called " ciliated junc-

tions," which interlock

with one another just as

two brushes may be made
to do. In fig. 133, A a
portion of four filaments

of a ctenidium of the Sea-

Mussel (Mytilus) is repre-

sented, having precisely

the same structure as

those of Area. The fila-

ments of the gill (cteni-

dium) of Mytilus and
Area thus form two
closely set rows which
depend from the axis of

Fid. 132.—View from tho vcnti-al (pedal) as-

pect of the animal of ArcaNoa, the mantle-
flapand giU-fllament3 ha\nng been cutaway
a, mouth ; ^, anna ; «, free spirally tum^'
extremity of the gill-axis or ct^nidial axis

of the right side ; d, do. of the left side

;

e, / anterior portions of these axes fused

by concrescence to the wall of the body

;

g, anterior adductor muscle ; h, posterior

adductor; t, anterior labial tentacle; k,

posterior labial tentacle ; U base line of the

foot; m, sole of the foot; it, callosity.

(Original.)the .gill like two parallel

plates. Further, their structure is profoundly modified by
the curious condition of the free ends of the depending

filaments. These are actually reflected at a sharp angle

—
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doubled on themselves in fact—and tlms lorm an additional

row of filaments (see fig. 1 33, B). Consequently, each primi-

tive filament has a descending and an ascending ramus, and

instead of each row forming a simple plate, the plate is

double, consisting of a descending and an ascending lamella.

As the axis of the ctenidium lies by the side of the body,

and la very frequently connate with the body, as. so often

happens in Gastropods also, we find it convenient to speak

of tha two plate-like structures formed' on each ctenidial

axis as the outer and the inner gill-plate; each of these is

Sat0

Fio. 133.—Filaments of the ctenidinra ot MyliluB edulis (after Holraan Peck).

A. Part of four filaments seen from the outer face in order to show the ciliated

junctions cj. B. Diagram of the i osterior face of a single complete filament

with descending ramus and ascending ramus ending in a hook-lik3 process.

ep., ep., the ciliated junctions , il.J., inter-lamellar junction. C. Transverse

section of a filament taken so as to cut neither a filiated junction nor an
inter-lamellar junction, /.e., frontal epithelium ; L/y., IJ.e"., the two rows
of latero-frontal epithelial cells with Inng cUia ; ck, chitonous tubular lining

of the filament ; lac, blood hicuna traversed by a few processes of connujtive

tissue cells ; 6.c., blood-corpuscle.

composed of two lameUse, an outer (the reflected) and an

adasial in the case of the outer gill-plate, and an adaxial and

an inner (the reflected) in the case of the inner gill-plate.

This is the condition seen in Area and Mytilus, the so-

called plates dividing upon the slightest touch into their

constituent filaments, which are but loosely conjoined by

their "ciliated junctions." Complications follow upon

this in other forms. Even in MytUua and Area a con-

nexion is here and there formed between the ascending

and descending rami of a filament by hollow extensible

outgrowths called " interlamellar junctions " {il.J in B, fig.

133). Nevertheless the filament is a complete tube formed

of chitonous substance and clothed externally by ciliated

epithelium, internally by endothelium and lacunar tissue

—

a form of connective tissue—as shown in fig: 133, C.

Now let us suppose, as happens in the genus Dreissena

—

a genus not far removed from Mytilus—that the ciliated

inter-filamentar junctions (fig. 136) give place to solid

permanent inter-filamentar junctions, so that the filaments

are converted, as it were, inio a trellis-work. Then let us

suppose that the inter-lamellar junctions which we have

already noted in Mv+ilus become very numerous, large,

and irregular ; by them the two trellis-works of Jilaments

would be united so as to leave only a sponge-like set

of spaces between them. Within the trabeoul® of th6

sponge-work blood circulates, and between the trabeculae

the water passes, having entered by the apertures left

16-2.T

in the trellis-work formed by the umtea giU-tilaiaontsi

(fig. 138, A, B). The laiger the intra-lamellar spongy

'lo. 134.—Structure of the ctenidia of Nucula (after Mitsnkuri); see also

fi? 2. A. Section across the axis of a ctenidium with a pair of plates—
flattened and shortened filaments—attached, i, j, t, ff are placed on or near
the membrane which attaches the axis of the ctenidium to the side of the
body; a, b, free extremities of the plates (filaments); d, mid-bne of the
inferior border ; e, surface of the plate ; t, its upper border ; h, chitonous
lining of the plate ; r, dilated blood-space ; v, fibrous tract ; o, upper blood-

vessel of the axis ; ri, lower blood-vessel of the axis ; s, chitonous framework
of the axis ; cp, canal in the same ; A, B, line along which the cross-section

C of the plate is taken. B. Animal of a male Nucnla proxima, Say, as seen
when the left valve of the shell and the left half of the mantle-skirt are re-

moved, a.a., anterior adductor muscle; p.a., posterior adductor muscle;
v.n, visceral mass ; /, foot ; g, gill ; I, labial tentacle ; la., filamentous
appendage of tiie Ubial tentacle ; W, hood-like appendage of the labial ten-

tacle . 771, membrauD suspending the gill and attached to the body along thd
lin» X, y, z, w ; p, posterior end of the gill (ctenidium). C. Section across

one of the gill-plates (yl, B, in A) o.jmparable with fig. 133, C. i.o., outer
border* d.a., axial border: /./., latero-frontal epithelium; e, epithelium of

general surface ; r, dilated blood-space ; h, chitonous lining (compare A).

growth becomes, the more do the origiiftj gill-filaments

lose the character of blood-holding tubes and tend to

become dense elastic rods for the simple purpose of sup-

porting the spongy growth. This is seen both in the

section of Dreissena gUl (fig. 136) and in those of Anodon
(fig. 137, A, B, C). In the drawing of Dreissena the

individual filaments /, /, / are cut across in one lamella at

the horizon of an iiiter-filamentar junction, in the other

(Lower in the figure) at a point where they are free. Tho
chitonous substance ch is observed to be greatly thickened

as compared with what it is in fig. 133, C, tending in

fact to obliterate altogether the lumen of the filament.

And in Anodon (fig. 137, C) this obliteration is efiV'''ted. In
Anodon, besides bemg thickened, the skeletal substance of

the filament develops a specially dense rod like body on

each side of each filament. Although the structure of the

ctenidium is thus highly complicated in Anodon, it is yet

more so in some of the Siphonate genera of LameUibranchs.

The filaments take on a secondary grouping, the surface of

the lamella being thrown into a series of half-cylindrical

ridges, each consisting of ten or twenty filaments ; a filameni
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of much greater strength and thickness than the others may
•e placed between each pair of groups. In Anodon, as in

Fu. 135.—Diagrams of transverse Bectlons of a lAraellibrr.nch to show the
adhesion, by concrescence, of the gill-lamell® to the mantle-ilapa, to the foot,

and to one another. A shows two conditions with free gill-axia , B, con-

dition at foremost region in Anodon ; C, hind region of fcot in Anodon ; D,
region altogether posterior to the foot in Anodon. a, visceral mass ; b, foot

;

c, mantle flap ; d, axis of gill or ctenidium ; c, adaxial lamella of outer gill-

plate; er, reflected lamella of outer gill-plate; / adaxial lamella of inner

gill-plate ; fr, reflected lamella of inner gill-plate ; g> li '- of concrescence of
Uiereflectedlamellaeof the two inner gill-plates; ft, rectum; i, supra-branchial
space of the sub-pallial chamber. (Original.)

many other Lamellibranchs, the ova and hatched embryos

are carried for a time in the ctenidia or gill apparatus, and

in this particular case the space between the two lamellie

/ / /

Pio. 136.—Transverse section of the outer gill-plate of Dreissena polj/mOTjr>ha

fafter Holman Peck). / *«n.tltueut gitJ-fllaments : /, fibrous sub-epidermic

tissue ; ch, chltonous substance of the tllaments ;
nch, cells related to the

chitonoua substance ; lac, lacunar tissue
;

pip, pigment-cells ; 6c, blood-

corpuscles : ye, frontal epithelium ; l/^, Ve"> two rows of latero-fVontal epi-

thelial cells with long cilia ; IrJ^ fibrous, possibly muscular, substance of the

Inter-fliamenter junctions.

of the outer gill-plate is that which serves to receive the

ova (fig. 137, A). The young are nourished by a substance

formed by the cells which cover the spongy inter-lamellar

outgrowths.

There are certain other points in the modification of the

typical ctenidium which must be noted in order to under-

stand the ctenidium of Anodon. The axis of each ctenid-

ium, right and left, starts from a point well forward near

the labial tentacles, but it is at first only a ridge, and does

not project as a free cylindrical axis until the back part of

A

Fio. 137.—Transverse sections of gill-plates of Anodon (after Peck). A, Outer
gill-plate. B. Inner gill-plate. C. A portion of B more highly magniiled-
0.}, outer lamella ; i./, inner lamella ; v, blood-vessel ; /, constituent fllft-

ments; lac, lacunar tissue; ch, chitonous substance of the filament; cA»i.

chitonoua rod embedded in the softer substance cA.

the foot is reached. This is difficult to see at aU in Ano-
don. but if the mantle-skirt be entirely cleared away, and
if the dependent lamelte which spring from the ctenidial

axis be carefully cropped away so as to leave the axis itself

intact, we obtain the form shown in fig. 131, where g and
h are respectively the left and the right ctenidial axes pro-

jecting freely beyond the body. In .Area this can be seen

with far less trouble, for the filaments are more easily re-

moved than are the consolidated lamellae formed by tho

filaments of Anodon, and in Area the free axes of the

ctenidia are large and firm in texture (fig. 132, c, d).

If we were to make a vertical section across the long

axis of a Lamellibranch which had the axis of its ctenidium

free from its origin onwards, we should find such relations

as are shown in the diagram fig. 135, A. The gill axis d
is seen lying in the sub-pallial chamber between the foot

h and the mantle c. From it depend tho giU-filaments or

lamellae—formed by united filaments—drawn as black lines

/. On the left side these lamellc-e are represented as hav-

ing only a smaU reflected growth, on the right side the

reflected ramus or lamella is complete {fr and er). The
actual condition in Anodon at the region where the gilla

commence anteriorly is shown in fig. 135, B. The axis of

the ctenidium is seen to be adherent to, or fused by con-

crescence with, the body-wall, and moreover on each side

the outer lamella of the outer gill-plate is fused to the
mantle, whilst the inner lamella of the inner gill-plate is

fused to the foot. If we pass a little backwards and take
another section nearer the hinder margin of the foot, we
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get the arrangement shown diagrammatically in fig. 135,

C, and more correctly in fig. 142. In this region the inner

lamellse of the inner gill-plates are no longer affixed to the

foot. Passing still further back behind the foot, we find

If t

"""^-^^ri-f^l f f f f ffff

fio. 138.—Gni-lamellie of Anodon (after Peck). A. Fragment of the onter
iHjnella ol an inner giU-plate torn from the connected inner lamella, the sub-
fllamentar tissue also partly cut away round the edges so as to expose the
filaments, their transverse junctions (r, and the "windows" left in the lattice-

work ; s/e, internal surface of the lamella ; v, vessel, B. Diagram of a block
cut from the outer lamella of the outer giU-plate and seen from the inter*

lamellar surface fafter Peck), f, constituent filaments ; (r/, fibrous tissue of
the transverse inter-filamentar junctions ; v, blood-vessel; it), inter-Iamellar

jGnction. The series of oval holes on the back of the lamella are the water-
pores which open bebveen tho filaments in irregular rows separated iioriion-
tally by the transverse inter-iilamentar junctions.

in Anodon the condition shown in the section D, fig. 135.

The axes i are now free ; the (Suter lamellge of the outer

gill-plates («?•) still adhere by concrescence to the mantle-

skirt, whilst the inner laraeUce of the inner gill-plates meet
one another ana
fuse by concres-

cence at g. In
the lateral view of

the animal with

reflected mantle

-

skirt and gill-

plates, the line of

concrescence of the

inner

the

. .

.

- Fio. 135.—Transversa sections of .a, a ijamellibranch,
lameluB Ot and £, an Isopleurous Gastropod (Chiton), to show

Jiner £?ill- *^® relations of p, the foot; &/-, the branchisa; and
^ m, the mantle. (Prom Gegenbaur.)

plates 13 readily

seen; it is marked aa in fig. 124, (5). In the same
figure the free part of the inner lamella of the inner

gill-plate resting on the foot is marked z, whilst the

attached part— the most anterior—has been snipped

with scissors so as to show the genital and nephridial

apertures x and y. The concrescence, then, of the

free edge of the reflected lameLba oi the gUl-plates of

Anodon is very extensive. It is important, because such

a concrescence is by no means universal, and does not

occur, for example, in Mytilus or in Area ; further, because

when its occurrence is once appreciated, the reduction of

the gUl-plates of Anodon to the plume-type of the simplest

ctenidium presents no difficulty; and, lastly, it has import-

ance in reference to its physio-

logical significance. The me-

chanical result of the concres-

cence of the outer lamellae to

the mantle-flap, and of the

inner lamellae to one another

as shown in section D, fig.

135, is that the sub-pallial

space is divided into two
spaces by a horizontal sep- Fro

turn. The upper space (i)

communicates with the outer

world by the excurrent or su-

perior siphonal notch of the

mantle (fig. 124, c?); the lower
space communicates by the

lower siphonal notch (e in fig. 124). The only communica-
tion between the two spaces, excepting through the trellis-

work of the gill-plates, is by the slit {z in fig. 124, (5)) left

by the non-concrescence of a part of the inner lamella cf the

inner gill-plate with the foot. k. probe {g) is introduced

through this slit-like passage, and it is seen to pass out by
the excurrent siphonal notch. It is through this passage,

or indirectly through the pores of the gill-plates, that the

water introduced into the lower sub-pallial space must pass

on its way to the excurrent siphonal notch. Such a

subdivision of the pallial chamber, ^nd direction of the

•Off

140.—Lateral view of a Mactra,
the right valve of the shell and right
mantle-flap removed, and the si-

phons retracted, tr, hr\ outer and
inner gill-plates; (, labial tentacle;

ta, ir, upper and lower siphons ; ww,
siphonal muscle of the mantle-flap;
7H«, anterior adductor muscle ; mp,
posterior adductor muscle ; p, foot ;

c, umbo. (From Gegenbaur.)

FtO. 141.—Th9 same animal as fig. 140, with its foot and slplions expanded.
Letters as in fig. 140. (From Gegenbaur.)

currents set up within it do not exist in a number of

Lan sllibranchs which have the gUl-lamellse comparatively

free (Mytilus, Area, Trigonia, &c.), and it is in these forms

that there is least modification by concrescence of the pri-

mary filamentous elements of the- lamellae. Probably the

gill -structure of Lamellibranchs will idtimately furnish

some classificatory characters of value when they have

been thoroughly investigated throughout the class.

The alimentary canal of Anodon is shown in fig. 124, (4).

The mouth is placed between the anterior adductor and

the foot; the anus opens on a median papilla overlying

the posterior adductor, and discharges into the superior

pallial chamber along which the excurrent stream passes.

The coil of the intestine in Anodon is similar to that of

other Lamellibranchs, but the crystalline style and its

diverticulum are not present here. The rectum traverses

the pericardium, and has the ventricle of the heart wrapped,

as it were, aroimd it. This is not.an unusual arrangement

in Lamellibranchs, and a similar disposition occurs in some

Gastropoda (Haliotis). A pair of ducts {ax) lead from the

first enlargement of the alimentary tract called stomach

into a pair of large digestive glands, the so-called liver,

the branches of which are closely packed in this region

\af). The food of the Anodon, as of other Lamellibranchs,

consists of microscopic animal and vegetable organisms,

which are brought to the mouth by the stream which sets

into the sub-pallial chamber at the lower siphonal notch

« in fig. 124). ftobably a straining o£ water from solid
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particles is effected by the lattice-work of the ctenidia or

gill-plates.

The heart of Anodon consists of a median ventricle em-
bracing the rectum (fig. 143, A), and giving oflf an anterior

and a posterior artery, and of two auricles which open into

the ventricle by orifices protected by valves.

The blood is colourless, and has colourless amoeboid

corpuscles floating in it. In two Liunellibranchs, Soltn

(Ceratisolen) legumen and Area Nox, the blood is crimson,

owing to the presence of corpuscles impregnated with

htemoglobia (Lankester, 31). In Anodon the blood is

driven by the ventricle through the arteries into vessel-

like spaces, which soon become irregular lacunae surround-

ing the viscera, but in parts

—

e.g., the labial tentacles and
walls of the gut—very fine vessels with endothelial cell-

lining are found. The blood makes its way by large

veins to a venous sinus which lies in the middle line be-

low the heart, having the paired renal organs (nephridia)

placed between it and that organ. Hence it passes

through the vessels of the glandular walls of the nephridia

right and left into the gill-Iamellse, whence it returns

through many openings into the widely-stretched auricles.

A great deal more pre-

cision has been given to

accounts of the structure

of arteries, veins, and
capillaries in Anodon
than the facts warrant.

The course of the blood-

stream can only be some-

whrt vaguely inferred ex-

cept in its largest, out-

lines. Distinct arterial

and venous channels can-

not be distinguished in

the giU-lamelJae, in spite

of what Langer (52) has
written on the subject,

though it is highly prob-

able that there is some _ ,,_ „ i. , ^ ^x. .. >
r. , ^T . ,'. "., Fio. 142.—Vertical section tlirougb an Ano-
kind of Circulation m the donta, about the mid-region of the foot, m,

crilla Tn fVio filoTnonta mantle-flap ; i/r, outtT, by, inner gill-plate
gUlS. in tne niaments _each composed oftwo lamellai;/, toot; t.,

of the gill of Mytilus the ventricle of the heart ; a, auricle ; p, y',

. , , .. . J. . 1 J pericardial cavity ; i, intestine.
tubular cavity is divided

by a more or less complete fibrous septum into two
char '3, presumably for an ascending and a descend-

ing blood-current. The ventricle and auricles of Anodon
lie in a pericardium which is clothed with a pave-

ment endothehum {d, fig. 143). Veins are said by Keber

and others to open anteriorly into it, but this appears to

be an error. It does not contain blood or communicate

directly with the blood-system ; this isolation of the peri-

cardium we have noted already in Gastropods and Cephalo-

pods. A good case for the examination of the question as

to whether blood enters the pericardium of LameUibranchs,

or escapes from the foot, or by the renal organs when the

animal suddenly contracts, is furnished by the Solen legur

men, which has red blood-corpuscles. According to ob-

servations made by Penrose (53) on an uninjured Solen

legumen, no red corpuscles are to be seen in the pericardial

space, although the heart is filled with them, and no such

corpuscles are ever discharged by the animal when it is

irritated.

The pair of nephridia of Anodon, called in Lamelli-

bi-anchs the organ of Bojanus, lie below the membranous
floor of the pericardium, and open into it by two well-

marked apertures (e and/ in fig. 143). Each nephridium,

after being bent upon itself as shown in fig. 143, C, D,

opens to the exterior by a pore placed at the point marked

iB in fi«. 124, (5), (6). It is no doubt possible, as in the

Gastropoda and Cephalopoda, for water to enter from the

esterior by the nephridia into the pericardium, but that

it- ever does so is as yet not proved. What is certain

from the set of the ciliary currents is that liquid generally

Fig. 143.—Diagrams showing the relations of pericardium and nephridia in a
LamellibraDch such as Anodon. A. Pericardium opened dorsally so as to

expose the heart and the floor of the pericardial chamber rf. B. Heart
removed and floor of the pericardium cut away on the left side so as to open
the non-glandular sac of the nephridium; exposing the glandular sac 6,

which is also cut into so as to show the probe /. C. Ideal pericardium and
nephridium viewed lateially. D. Lateral \iew showing the actual relation

of the glandular and non-glandular sacs of the- nephridium. The rirrows

indicate the coarse of fluid from the pericardium outwards, a, ventricle of

the heart ; 6, auricle ; 6b, cut remnant of the auricle ; c, dorsal wall of the
pericardium cut and reflected ; ?, reno-pericardial orifice ; /, probe intro-

duced into the left reno-pericardial orifice
; g, non-glandular sac of the left

nephridium ; ft, glandular sac of the left nephridium ; i, pore leading from
the glandular into the non-glandular sac of the left nephridium ; fc, pore

leading from the non-glandular sac to the exterior ; oc, anterior, a&, posterior,

cut remnantsof the intestine and "entricle.

passes out of the pericardium by the nephridia. One half

of each nephridium is of a dark-green colour and glandular

(h In fig. 743). This opens into the reflected portion which

overlies it as shown in the diagram fig. 143, D, i ; the latter

has non-glandular walls, and opens by the pore k io the

exterior. The nephridia may be more ramified in other

LameUibranchs l.lia.'a they are in Anodon. In some they

are diSicult to discovei. That of the common oyster

has recently (18S2) been detected by Hoek (54). Each
nephridium in the oyster is a pyriform sac, which commu-
nicates by a narrow canal with the urind-genital groove

placed to the front of the great adductor muscle ; by a
second narrow canal it communicates vrith the pericardium.

From all parts of the pyriform sac narrow stalk-like tubes

are given oflf, ending in abundant widely-spread branching

glandular casca, which form the essential renal secreting

apparatus. The genital duct opens by a pore into the

urino-genital groove of the oyster (the same arrangement

being repeated on each side of the body) close to but distinct

from the aperture of the hephridial canal. Hence, except

for the formation of a urino-genital groove, the apertures

are placed as they are in Anodon. Previously to Hoek's

discovery a brown-coloured investment of the auricles of

the heart of tlie oyster had been supposed to represent

the nephridia in a rudimentary state. This investment,

which occurs also in Mytilus but not in Anodon, may pos-

sibly consist of secreting cells, and may be comparable to

the pericardial accessory glandular growths of Cephalopoda.

Jfervous System and Sense-organs.—In Anodon there are

three well-developed pairs of nerve-ganglia (fig. 144, B and
fi(j, 124, (6)), An anterjorw is, lying one on each side of the
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mouth (fig. 144, B, a) and connected in front of it by a

commissure, are the representatives of the cerebral, pleural,

and visceral ganglia of the tyfiical Mollusc, which are not

here differentiated as they are in Gastropods (compare,

however, fig. 67). A pair placed close together in the foot

(fig. 144, B, b, and fig. ^ ^ ^ ^
124, (6), ax) are the typ-

ical pedal ganglia ; they

are joined to the cerebro-

pleuro - visceral ganglia

by connectives.

Posteriorly beneath

the posterior adductors,

and covered only by a

thin layer of elongated

epidermal cells, are the

olfactory ganglia, their

epidermal clothing con-

stituting the pair of os-

phradia, which are thus

seen in Lamellibranchs

to occupy their typical

position and to have the

typical innervation,—the
, ^ „l, „ 1 J Fio, 144.—Xen-e-ganglia and cords of three

nerve to each Ot.plira(l- Lamellibranchs (from Gegenbaur): A, of

ium beinc given off by Teredo ; B, of Anodonta ; C, of Pecten. a,

^ . ° ,^
,.

*' cerebral ganglion-pair ( = cerebro-plenro-
the visceral ganglion visceral) ; 6, pedal ganglionpair ; c, olfac-

that is to say, by the tory (csphmdial) gangUon-pair.

undifferentiated cerebro-pleuro- visceral ganglion ef its

proper side. This identification of the posterior ganglion-

pair of Lamellibranchs is due to Spengel (11). Other

5

'*«i'^&ps'i*";s

Fio. 145.—Pallial eye of Spondylus (firom Hickson). a, prs-comeal epithe-

litun; b, cellular lens; c, relinal body; d, tapetum ; e, pigment; /, -retinal

nerve ; fj, complemeatary nerve ; h, epithelial cells filled with pigment ; l\

tentacle

anatomists have considered this ganglion-pair as corre-

sponding to either the pleural or the visceral of Gastropoda,

or to both, and very usually it is termed "the parieto-

splanchnic " (Huxley).

The sense-organs of Anodon other than the osphradia

consist of a pair of otocysts attached to the pedal ganglia

(fig. 124, (6), at/). The otocysts of Cyclas are peculiarly

favourable for study on account of the transparency of the

small foot in which they lie, and may be taken as typical

of those of Lamellibranchs generaUy. The structure of

one is exhibited in fig. 146. A single otolith is present

as in the veliger embryos of Opisthobranchia. In adult

Gastropoda there are frequently a large number of rod-like

otoliths instead of one.

Anodon has no eyes of any sort, and the tentacles on the

mantle edge are limited to Its posterior border. This

deficiency is very usual in the class; at the same time, many
Lamellibranchs have tentacles on the edge of the mantle

supplied by a pair of large well-developed nerves, which

are given off from the cerebro-pleuro-visceral ganglion-pair.

and very frequently some oi these tentacles have undergone
a special metamorphosis converting them into highly-

organized eyes. Such eyes on the mantle-edge are found
in Pecten, Spondylus, Lima, Ostrea (?), Pinna; Pectunculus,

Modiola, Mytilus (?), Cardium, Tellina, <•

JIactra, Venus, Solen, Pholas, and Ga-
leomma. They are tota,lly distinct from f-~

the cephalic eyes of tyjTical Mollusca, and M
have a different structure and historical de-

"

'

velopment. They have not originated as

pits .but as tentacles. They agree with the
p_^ ^^^ -otocyst

dor.sal eyes of Onchidium (Pulmonata) in of Cycias (from

the curious fact that the optic nerve pcne- 2'pauie?"ciiiated

trates the capsule of the eye and passes in "lis lining tu?

front of -the retinal body (fig. 145), so that
'™'' °'

°'°"*''-

its fibres join the anterior faces of the nerve-end cellfi aa

in Vertebrates, instead of their posterior faces as in the

cephalic eyes of Mollusca and Arthropoda ; moreover, the
lens is not a cuticular product but a cellular structure,

which, again, is a feature of agreement with the Vertebrate
eye. It must, however, be distinctly borne in mind that

there is a fundamental difference between the eye of Verte-

brates and of all other groups in the fact that in. the

Vertebrata the retinal body is itself a part of the central

nervous system, and not a separate modification of the
epidermis—myelonic as opposed to epidermic. The struc-

ture of the reputed eyes of several of the above-named
genera has not been carefully examined. In Pecten and
Spondylus, however, they have been fully studied (see fig.

145, and explanation).

The gonads of Anodon are placed in distinct male and
female individuals. In some Lamellibranchs—for instance,

the European Oyster and the Fisidium pusillum—the sexes
are united in the same individual; but here, as in most
hermaphrodite animals, the two sexual elements are not
ripe in the same individual at the same moment. It has
been conclusively shown that the Ostrea edulis does not
fertilize itself. The American Oyster (0. virginiana) and
the Portuguese Oyster {0. angulata) have the sexes sepa-

rate, and fertilization is effected in the open water after

the discharge of the ova and the spermatozoa from the
females and males respectively. In the Ostrea edrdis fertil-

ization of the eggs is effected at the moment of their escape
from the uro-genital groove, or even before, by means of

spermatc ioa drawn Into the sub-pallial chamber by the in-

current cuiary stream, and the embryos pass through the
early stages of development whilst entangled between the
gill-lamellae of the female parent (fig. 6). In Anodon the
eggs pass into the space between the two lamellae of the
outer gill-plate, and are there fertilized, and advance whilst

A ;;.. _ B

•p-ad

Fto. 147.—Two stages in the development of Anodonta (from Balfour). Both
fig-arcs represent the glochidium stage. A, when free swimming, shows the
two dentigerous valves widely open. B, a later stage, after fixture to the fln

of a fish, ah, shell ; a;/, adductor muscle ; s, teeth of the shell ; by, byssns ;

a.<3d^ anterior adductor
;
p.arf, posterior adductor ; m/, mantle-flap

; /, foot

;

br, branchial filaments , av..v^ otocyst ; oi, alimentary canal.

stUl in this position to the glochidium phase of develop-

ment (fig. 147). They may be found here in thousands
in the summer and autumi^ months. The gonads them-
selves are extremely simple arborescent glands which open
to the exterior by two simple ducts, one right and ona
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left, continuoiis with the wall of the tubular branches of

the gland (fig. 124, (5), (6), y). In no Lamellibranch is

there a divergence from this structure, excepting that in

some (Ostrea) the contiguous nophridial and the genital

aperture are sunk in a urino-genital groove, which in other

cases (Spondylus V) may partially close up so as to con-

stitute a single pore for the nephridial and genital ducts.

No accessory genital glands are present.

The development of Anodon is remarkable for the curious

larval form known as Glochidium (fig. 147). The Glochidium

Fig. 148.—Embryos of Pisl^ium pusiUum (after Lankester). A. Only four

embryonic cells are present, still enclosed in the egg envelope. B. The cells

have multiplied and commenced to invaginate, forming a blastooore or orifice

vr u. pagination, U.

quits the gill-pouch of its parent and swims by alternate

opening and shutting of the valves of its shell, as do
adult Fecten and Lima, trailing at the same time a long

Fig. 150.

Fin. 149.— Embryo of Fisidiam jiunUum in the diblastula stage, surface view
(after Lankester). The embryo has increased in size by accumulation of
liquid between the outer and the iuvuginuled cells. The blastopore has
closed.

Fio. 150.—B. Same embryo as fig. H9, in optical median section, showing the
invaginated cells hy which form the arch-enteron, and the mcsoblastic cells
rw which are budded o'f ft-orn the surface of the mass hy, and apply them-
selves to the inner surface of the deric or epiblastic cell-layer cp. C. Tlio
same embryo focused 30 as to show the mesoblastic cells which immediately
underlie the outer cell-layer.

byssus thread. By this it is brought into contact vdih. the

fin of a fish, such as Perch, Stickleback, or others, and effects

a hold thereon by means of the toothed edge of its shells.

Here it becomes encysted, and is nourished by the exuda-

tions of the fish. A distinct development of its internal

organs has been traced by the late Professor Balfour, but no

one has followed it to the moment at which it drops from

the fish's fin and assumes the form of shell characteristic of

the parent. Other Lamellibranchs exhibit either a trocho-

sphere larva which becomes a Veliger, differing only from

the Gastropod's and Pteropod's Veliger in having bilateral

shell-calcifications instead of a single central one ; or, like

Anodon, they may develop within the gill-plates of the

mother, though without presenting such a specialized larva

as the Glochidium. An example of the former is seen in the

Fro. 151.—Further stages in tlie development of Pisidium pzisiUvm (after

l-ankester). A. Optical section of an embryo in which the foot has begun to

develop. B. The same embryo focused to its surface plane to show the

mouth 0. C. Later embryo, showing the shell-gland sh. D. Lateral view of

the same embryo E. Later stage, with rudiments of the inantle-flap, lateral

view. F. Still later stage, with shell-valves and branchial filaments, cp,

epiblast; me, mesoblast ; a?, met-enteron : rp, rectal peduncle ur pedicle of

invagination connecting the met-enteron with the cicatrix of tlie bbstopore ;

0, mouth
;
ph, pharynx ; sh, shell-gland ; mn, mantle-flap ; fcr, branchial

Ulaments
; y, granular cells of doubtful significance ; v, vesicular structure

of unknown significance.

devel"pment of the European Oyster, to the figure of which

and its explanation the reader is specially referred (fig. 6).

An example of the latter is seen in a common little

fresh-water bivalve, the Pisidium pusilhnn, which has been

studied by Lankester (12). The successive stages of the

development of this Lamellibranch are illustrated in the

woodcuts figs. 148 to 153 inclusive. These should be

compared with the figures of Gastropod development

(figs. 3, 4, 5, 7, and 72***). Fig. 148 shows the cleavage

of the egg-cell into four (A), and at ^ later stage the tucking

in of some of the cells to form an invaginated series (B).
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The embryonic cells continue to divide, and form an oval

vesicle containing liquid (fig. 149); within this, atone pole,

is seen the mass of invaginated cells (fig. 150, hi/). These
invaginated cells are the arch-enteron ; they proliferate and
give oflF branching cells, which apply themselves (fig. 150,

C) to the inner face of the vesicle, thus forming the meso-

Via. 152.—Diagram of embryo nf Pisiilium in the same stage as E in fig. 151.
m, mouth ; /, foot ; ph^ pharjnix

;
gfS, raet-enteron ; pi, rectal peduncle or

pedicle of invagination ; shs. shell-gland. ^From Lankester.)

blast or ccelomic outgrowths. The outer single layer of

cells which constitutes the surface of the vesicle (fig.

147) is the ectoderm or epibla^st or deric cell-layer. The
little mass of hypoblast or

enteric cell -mass now en-

larges, but remains con-

nected with the cicatrix of

the blastopore or orifice of

invagination by a stalk, the

rectal peduncle (fig. 151, A,

rp). The enteron itself be-

comes bilobed and is joined

by a new invagination, that

of the mouth and stomo-

dseum, ph. Fig. 151, B
shows the origin of the

mouth 0, being a deeper

view of the same specimen Fio-lSS.—Diagi-amofembryoofPisidiim,
,-, ... 1 . 1 in same sta;, .,. 1 • I. in i>ai:;'j stage as F in fig. 151 (after Lan-

in the same position whlCtl kester). m, mouth ; I, anus ; /, foot ; 6r,

ic rlpQwii in fi*r I'll A branchial filaments ; mn, margin of tlie
IS urawu in ll^. l.Jl,_Ji,

^..^^e.^virt ; d, organ of Bojanus(ne-
The mesoblast multiplies phridium). The unshaded area gives

its cells, which become the position of the sheU-valve.

partly muscular and partly skeleto-trophic. Centro-dor-

saUy now appears the embryonic shell-gland (fig. 151,

C, sh). The pharyn.^ or stomodceum is still small, the

foot not yet prominent. A later stage is seen in fig.

152, where the pharyr.s is widely open and" the foot pro-

minent. Y.o ciliated velum or pne-oral (cephalic) lobe

ever develops. The stsU-gland disappears, the mantle-

s'tift is raised as a ridge (fig. 151, E, mii), the paired

shell-valves are secreted, the anus opens by a proctodteal

ingrowth into the rectal peduncle, and the rudiments of

the gills {br) and of the nephridia (B) appear (figs. 151,

F, and 153, dorsal and lateral views of samo stagr), and

thus the chief organs and general form of the adult are

acquired. Later changes, not, drawn here, consist in the
growth of the shell-valves over the whole area of the
mantle-flaps, ' and in the multiplication of the gill-fila-

ments and their consolidation to form gill-plates. It

is important to note that the gill-filaments are formed
one by one posteriori)/. The labial tentacles are formed
late. In the allied genus Cyclas, a byssus gland is formed
in the foot and subsequently disappears, but no such gland
occurs in Pisidium. The nerve-ganglia and the otocysts
probably form from thickenings of the epiblast, but detailed
observation on this and other points of histogenesis in the
LamclLibranchia is still wanting.
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MOLLTTSCOIDS. See Beachiopoda and Polizoa.

MOLOCH, or JIolech—in Hebrew, with the doubtful

exception of 1 Kings xi. 7, always "n^^ with the article

—

is the name or title of the divinity which the men of Judah

lu the last ages of the kingdom were wont to propitiate by
the sacrifice of their own children. The phrase employed
in speaking of these sacrifices is " to make one's son or

daughter pass through fire to the Moloch " (2 Kings xxiiL
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10; Jer. xxxii. 35, and so without the words "through fire"

Lev. xviii. 21); but it appears from Ezek. xvi. 20, .21

that this phrase denotes a human holocaust,' and not, as

sometimes has been thought, a mere consecration to Moloch

by passing through or between fires, as in the Roman Falilia

and similar rites elsewhere. Human sacrifices were com-

mon in Semitic heathenism, and at least the idea of such

sacrifices was not unknown to Israel in early times (Isaac,

Jephthah's daughter), though in the sunny days of the

nation, when religion was a joyous thing, there is no

reason to think that they were actually practised.^ It

was otherwise in the neighbouring nations, and in par-

ticular we learn from 2 Kings iii. 27 that the piacuJar

sacrifice of his son and heir was the last offering which

the king of Moab made to deliver his country. Even the

Hebrew historian ascribes to this act the effect of rousing

divine indignation against the invading host of Israel ; ib

is not, therefore, surprising that under the miseries brought

on Palestine by the westw^ard march of the Assyrian

power, when the old gladness of Israel's faith was

swallowed up in a crushing sense of divine anger, the idea

of the sacrifice of one's own son, as the most powerful of

atoning rites, should have taken hold of those kings of

Jddah (Ahaz and Manasseh, 2 Kings rvi. 3, xxi. 6) who
were otherwise prone, in their hopelessness of help from

the old religion (Isa. vii. 12), to seek to strange peoples

s-nd their rites. Ahaz's sacrifice of his son (which indeed

rests on a stmewhat late authority) must have been an

isolated act of despair; human sacrifices are not among
the corruptions of the popular religion spoken of by

Isaiah and Micah. But in the 7th century, when the old

worship had sustained rude shocks, and all religion was

transformed into servile fear (Micah vi. 1 sq. belongs to this

period ; see Micah), the example of Manasseh spread to

his people ; and Jeremiah and Ezekiel make frequent and

indignant reference to the " high places " for the sacrifice

of children by their parents which rose beneath the very

walls of the temple from the gloomy ravine of Hinnora

or Tophet^ (Jer. viL 31, xix., xxxii. 35; Ezek. xvi. 20,

xxiii. 37). It is with these sacrifices that the name of

" the Moloch " is always connected ; sometimes " the

Baal " (lord) appears as a synonym. At the same time,

the horrid ritual was so closely associated with Jehovah

worship (Ezek. xxiii. 39) that Jeremiah more than once

finds it necessary to protest that it is not of Jehovah's

institution (vii. 31, xix; 5). So too it is the idea of

sacrificing the firstborn to Jehovah that is discussed and

rejected in Micah vi. It is indeed plain that such a

sacrifice—for we have here to. do, not with human victims

in general, but with the sacrifice of the dearest earthly

thing—could only be paid to the supreme deity ; and
Manasseh and his people never ceased to acknowledge

Jehovah as the God of Israel, though they sought to make
their worship more efficacious by the adoption of foreign

rites. Thus the way in which Jeremiah, and after him

' In 2 Chrou. x.\vui. 3 (parallel to 2 Kings xvi. 3) a single letter is

transposed in the phrase, changinj; the sense from "caused to pass tlirough

the fire "to " caused to bum with fire. " Geiger
(
Urschri/t unci Ucbcr-

ieizung^ p. 305) very unnecessarily supposes that this is everpvhere the

original reading, and has been changed to soften the enormity ascribed

to the ancient Hebrews. Tlie phrase "to give one's seed to Moloch,"

Lev. XX. 2 sq., and the fact that these victims were (like other sacrifices)

regarded as food for the deity (Eeek. xvi. 20) explain and justify the

common reading.

- In Hosea xiii. 2 the interpretation "they that sacrifice men" is

improbable, and 2 Kings xvii. 17 and Lev. xviii., xx. are of too late

c^te to prove the immolation of children to Moloch in old Israel.

The "ban" (D'^rt),^which was a religious execution of criminals or

enemies, was common to Israel with its heathen neighbours (stone of

Mesha), but lacked the distiijctive character of a sacrifice in which the

victim is the food of the deity, -conveyed to him through fire.

• The etymology of the word Tophet is obscure ; its meaaing
appears from tophteh, " pvre, " Isa. xxx. 33.

the legislation of Leviticus and the author of Kings, seera

to mark out the Moloch or Baal as a false god, distinct

from Jehovah, is precisely parallel to the way in which

Hosea speaks of the golden calves or Baalim. In each

case the people thought themselves to be worshipping

Jehovah under the title of Moloch or Baal; but the prophet

refuses to admit that this is so, because the worship

itself is of heathenish origin and character. " The

Moloch," in fact, like " the Baal," is not the proper name

of a deity, but a honorific title, as appears from the use of

the article with it. According to the Hebrew consonants,

it might simply be read "the king," which is a common

appellation for the supreme deity of a Semitic state or

tribe." And so the LXX., except in 2 Kings xxiii. 10,

and perhaps Jer. xxxii. 35, actually treat the name as an

appellative ("ruler," "rulers"). The traditional pronuncia-

tion, which goes back as far as the LXX. version of Kings

(MoXox), appears to meaii " the kingship "—an unsuitable

sense, which lends probability to the conjecture that the

old form was simply " the king," and that the later Jews

gave it the vowels of fit's, the contemptuous name for

Baal (O. Hoffman in Z. f. AT. IF., 1883, p. 124).

From these arguments it would appear that the rise of

Moloch worship does not imply the introduction into the

religion of Judah of an altogether new deity, but only a

heathenish development of Jehovah worship, in the familiar

fashion of religious sj-ncretism, artd under that sense of

the inadequacy of the old popular ritual to divert the

wrath of the Godhead which was inspired by the calamities

of the nation in the 7th century B.C., and led to more than

one new development of atoning ritual. The key to the

phenomenon is to be found in Micah vi., not '•i any vein

of mythological speculation as to the forces of- nature, such

as is supposed in Movers's theory that Moloch represents

the fiery destructive power of the sun. Moloch, in fact,

in the Old Testament has no more to do with fire than

any other deity. The children offered to him were not

burned aUve ; they werO' slain and burned like any other

holocaust (Ezek. ut mpra; Isa. Ivii. 5); their blood was

shed at the sanctuary (Jer. xLx, 4 ; Ps. cvi 38). Thus

the late Rabbinical picture of the calf-headed brazen image

of Moloch within which children were burned alive is pure

fable, and with it falls the .favourite comparison between

Jloloch and the Carthaginian idol from whose brazen arma

children were roUed into an abyss of fire, and whom
Diodorus (xix. 14) naturally identifies with tie child-eater

Kronos, thus leading many rnoderns to make Moloch the

planet Saturn. On the other hand, the Massoretic test

of 1 Kings xi. 7 makes Moloch (without the article) the

name of the god of the Ammonites, elsewhere called

Milcom or Malcam. But in this place the LXX. translators

certainly found the longer form D3?a in their MSS. (as

the Hebrew still reads in verse 33), while it is plain from

2 Ivings' xxiii. 10, 13 thai the worship of Milcom at the

shrine set up by Solomon was distinct from the much
later Jloloch worship of Tophet. In the usual printed

text of the LXX., indeed, this distinction is not made in

2 Kings xxiii. ; but this is an error of the Roman edition,

the Vatican MS. really reading i\IOAXOA m verso 13.

(W. E. S.)

MOLUCCAS, MoLUccos, or Spice Islaitds, The, com-

prise, in the wider use of the term, all the islands of the

East Indian Archipelago between Celebes on the west, the

Papuan Islands and New Guinea on the east, Timor on

the south, and the open Pacific on the north. They are

* Compare the Tyrian Melkart (king of the city) and the two

names compounded with melek, "king," in 2 King3 xvii. 31. These

latter cases are specially instructive, because Adrammelech and Anna-
melech were also worshipped by the sacrifice of children.
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thus distributed over aa area Fieasuring about 450 miles

from east to west, and about BOO from nortli to south, and

include—(1) the Moluccas proper or Ternate group, of which

Jilolo i^i the largest and Ternate the capital
; (2) the Bat-

chian, Obi, and Sula groups
; (3) the Ambon or Amboyna

group, of which Cerain (Serang) and Bum are the largest

;

(4) the Banda Islands (the spice or nutmeg islands -par

excellence), of which Lantoir or Great Banda is the largest,

and Neira politically the most important
; (5) the south-

eastern islands, comprising Tenimber or Timor -Laut,

Larat, <tc. ; (6) the Kei Islands and the Aru Islands, of

which the former are sometimes attached to the south-

eastern group ; and (7) the south-western islands or the

Babber, Sermatt-a, Letti, Wetter, Eoma, and Damme groups.

At the close of the 16th century this part of the archi-

pelago was divided among four rulers settled at Ternate,

Tidore, Jilolo, and Baichian. The northern portion be-

longs to the Dutch residentship of Ternate, the southern •

portion to that of Amboyna.
The name Moluccas seems to be probably derived from

the Arabic for "king." Argensola (1G09) uses the forms

islas Malucas, Maluco, and el Maluco; Coronel (1623), islas

del Moluco ; and Camoens, Maluco.
Compare the articles on Indi.in Archipelago, Ap.it Islands,

Jilolo, Ternate, &c., and J. J. de Hollander, Handleiding hij

de Beoe/ening der Zand- en Volkenkunde von Ned. Oost. Jndie,

Breda, 1877 and 1882.

MOLYBDENUM, one of the rarer metallic elements

(symbol for atomic weight, Mo = 96; H = I), occurs in

nature chiefly in the two forms of Yellow Lead Ore
(PbOMoOj) and Molybdenite (MoSj). The latter mineral

is very similar in appearance and in mechanical properties

to graphite or black lead, and, in fact, was long confounded
with it chemically, until Scheele in 1778 and 1779 proved

their difference by showing that only the mineral now
called molybdenite yields a white earth on oxidation.

The metallic radical of the earth, after its discovery by
Hjehn, was called molybdenum, from [j.6\v/3So<;, lead.

By heating molybdenite in a combustion tube in a current of air,

we obtain the trioxide JI0O3 (molybdic acid) as a white crystalline

sublimate. This substance, when heated to redness in close vessels,

fuses without much volatilization into a yellow liquid, which, on
cooling, freezes into a crj'stalline radiated mass of 4'39 specific

gravity. It dissolves in 500 parts of cold, and in 960 of hot
water. It dissolves readily in aqueous ammonia or alkalies, form-
ing molyhcUUs. Like silica, it combines with bases in a great

variety of proportions. Of these many salts, an ammonia salt of
the composition SINH^j^O . 7JI0O3 + 4H.jO (known in laboratory
parlance simply as molybdate of ammonia) is the most important,
affording, as it does, the most delicate, characteristic, and widely
applicable precipitant for ortho-phosphoric acid. To de* lit phos-
phoric acid in any substance soluble in water or nitric ioid, add
first to a solution of molybdate of ammonia an excess of nitric acid,

and then (not too much) of the nitric solution of the phosphate,
and keep the mixture at 40° C. ; the whole of the phosphoric acid

gradually separates out in the shape of a canary-yellow crystalline

precipitate of "phospho-molybdate of ammonia," of the composition

24M0O3. PA- 3(NHJ„0 ' I , ifiH O
-1-24M003. P„Os- 2(NHJjO. H„0/ +^0^2"

(according to Gibbs), which is insoluble in the reagent, even in the
presence of dilute nitric acid, but soluble in excess of phosphoric acid.

By treatment of this complex ammonia salt with aqua regia we can
eliminate its acid 24M0O3. P„05-3H„0 as a substance soluble in

water and ciystallizing from this solution with 59 molecules of
water.

This phospho-molybdic acid plays a great part in chemical toxi-

colo^, being a generically ch,iracteristic precipitant for all (organic)

alkaloids, which combine with it, pretty much as ammonia does,

into precipitates insoluble in dilute mineral acids. A solution of

the acid sufficient for this purpose may be obtained by saturating

carbonate of soda solution with molybdic acid, adding phosphate
of soda, one part for every live of M0O3, evaporating to dryness,

fusing, dissolving in water, filtering, and adding nitric acid until

the liquid becomes yellow.

'Metallic molybdenum is obtained by reduction of the trioxide in

hydrogen gas at very high temperatures. It is thus obtained in

small crystalline granules which are infusible even in the oxy-

hydrogen flame, in alloy of the metal with four or five pet cent.

i6-2r.*

of carbon (formerly accepted as molybdenum) fuses in the oiy-

hydrogen flame into a silver-white metal, of 8-6 specific gravity,

which is harder than topaz (Dcbray).
.

Analysis.—Molybdenum in all its forms is readily converted into

molybdic acid by oxidizing agents, such as nitric acid ; or if in non-

volatile forms into alkaline molybdate by fusion with carbonate

of alkali and nitre. Alkaline molybdate is soluble in water ; the

solution, on a gradual addition of hydrochloric acid, gives first a white

precipitate, which then dissolves in the excess of acid. When a

piece of zinc is added to such a solution, the latter, through

gradual reduction of its M0O3 to lower oxides, assumes first a blue,

then a green, and lastly a deep blackish-brown colour. Molybdic

acid colours the blowpipe flame yellowish green. It dissolves in

fused borax, forming a head which in the oxidizing flame becomes

yellow in the heat, but almost colourless on cooling ; the reducing

iflame colours it dark brown, and may cause the separation of brown

flakes of MoOj. Compare Chemistry, vol. v. pp. 541, 642.

MOMBASA, or less correctly Mombas, the Mmta of the

Sawahili, a town on the east coast of Africa, in 4° 4' S.

lat., with the best harbour on all the Zanzibar mainland.

The coralline island of which it occupies the eastern

portion is 3 miles long by 2i broad, and lies in the

middle of a double inlet of the sea stretching northward

into Port Tudor (so called after the English oflBcer who
surveyed it) and westward into Port Reitz (after the

English resident who died whUe exploring the Pangani

river in 1823). Except at the western end, the coast

of the island consists of cliffs from 40 to 60 feet high.

In the vicinity of the town palms, mangoes, guavas,

baobabs, and cinnamon -trees flourish abundantly, and

farther to the west are stretches of virgin forest, the

haunt of monkeys, wild hogs, and hyrenas. The citadel,

originally constructed by Xeixas and Cabrera in 1635,

still remains in good condition, "a picturesque yellow

pile with long buttressed curtains," but has preserved

little of its Portuguese architecture. Of the twenty

Portuguese churches which Mombasa once contained, only

two or three can be identified. A few of the houses are

built of stone, but most of them are mere thatched huts.

The population in 1844 was, according to Dr Krapf, from

8000 to 10,000, mostly Wasawahili, but with a considerable

number of Arabs and some thirty or forty Banyans. In

1857 Burton estimated the inhabitants at 8000 to 9000,

and in 1883 they numbered about 20,000. The Arabs,

the Wamwita, and the ^VakUindini (the two divisions of

the WasawahiliTesidents, of which the former is the original

stock) have each their own chief. In 1875-76 the Church
Missionary Society, which made Mombasa one of its stations

in 1844, established a settlement for liberated slaves at

Freretown (Kisauni) on the mainland, opposite Mombasa.
By 1881 it consisted of about 450 persons, of whom about

one-fourth were children attending school. The pupils are

taught to read both English and Sawahili {Ch. Miss.

Intelligencer, 1875-76 and 1881). A branch station at

Rabbai numbers 600 inhabitants.

Mombasa takes its name from Mombasa In Oman. It is men-
tioned by Ibn Batiita in 1331 as a large place, and at the time of
Vasco da Gama's visit it was the residence of Calicut Banyans and
Christians of St Thomas, and the seat of considerable commerce.
The "king" of the city, however, tried to entrap Da Gama, and
with this began a series of troubles which give full force to the
native name Mimta (war). The principal incidents are the capture
and burnin" of the place by Almeyda (1505), Nuno da Cunha
(1529), and Uuarte de Menezes(1587)—this last as a revenge for its

submission to the sultan of Constantinople— the building of the
Portuguese fort (1594), the revolt of Yusuf ibn Ahmed (1631), the
erection of the Portuguese citadel (1635), the five years' siege by the
imam of Oman (1660-65), and the final expulsion of the Portuguese
(1698). In 1823 the Mazara family, who had ruled in Mombasa
from the early part of the 18th century, placed the city under
British protection ; but Britain soon withdrew, and left the place

to be bombarded and captured by Sayyid Said of Zanzibar, who
was obliged to make repeated attacks between 1829 and 1833, and
only got possession in 1834 by treachery. A revolt agaiust Zanzi-
bar in 1875 was put down by British assistance.

Bee Capt. W. F. W. Owen, Narrative, Sic. (1833); Capt Thomas Botel^r,
Karralive, 40.(1835): Guillain, Voyagf, (Va.n3, ISiH) ; Krapf, Trawii, (I860);
BurtuD, Zanzibar^ (1S72).
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MONACHISM
THE word J[onachism, or Monastieism, primarily mean-

ing the act of " dwelling alone " (ixovaxo<s, juofafciv.

ftovos), has come, by an easy and natural transition, to

denote the corporate life of religious communities .living

a life of poverty, celibacy, and obedience,.under a fixed

rule of discipline. The root-idea of monachism, in all

it-s varieties of age, creed, and country, is the same—
namely, retirement from society in search of some ideal

of life which society cannot supply, but which is thought

attainable by abnegation of self and withdrawal from

the world. This definition applies to all the forms of

monachism which have left their mark on history, whether

amongst Brahmans, Buddhists, Jews, Christians, Moslems,

or the communistic societies of the present day. even when
theoretically anti-theological.

This broad general conception of monachism is differ-

enced in the following ways :—It may take the form of

absolute separation, so far as practicable, from all human
intercourse, so as to give the whole life to solitary con-

templation—the anchoretic type ; or, contrariwise, it may
seek fellowship with kindred spirits in a new association

for the same common end—the coenobitic type ; it may
abandon society as incurably corrupt, as a City of De-

struction out of which the fugitive must flee absolutely

—

the Oriental view, for the most part ; or it may consider

itself as having a mission to influence and regenerate

society—which has been, on the whole, and with minor

exceptions, the Western theory of the monastic life.
'

The question has been warmly debated whether mona-

chism be an evil or a good,—whether a natural, perhaps

a necessary, part of Christianity (as being, indeed, the

strict logical issue of the triple vow of baptism, literally

construed), or a foreign element introduced into it with

unfortunate results, and rather an excrescence on its

system than an orderly and healthy development. Unlike

many other institutions which have needed the lapse of

centuries and the gradual approach of decay and degeneracy

to show their weak places, monachism in its Christian

form displays some of its most unlovely features while yet

almost in its cradle, whereas not a few of its best achieve-

ments-belong to a late period in its history; and it has

throughout displayed a singular elasticity and power of

taking a fresh depaVture, after seeming to have exhausted

its energies. Its champions and its opponents have thus

always had ample materials for their briefs, and there is

little probability of the controversy ever coming to an end.

But the most philosophical mode of viewing its relation to

Christianity is to recognize that monachism has made a

part of every creed which has attained a certain stage of

ethical and theosophical development ; that there is a class

of minds for which it has always had a powerful attrac-

tion, and which can otherwise find no satisfaction ; and
consequently that Christianity, if it is to make good its

claim to be a universal religion, must provide expression

for a principle which is as deeply seated in human nature

fis domesticity itself, albeit limited to a much smaller sec-

tion of mankind.

Three main factors combined to produce the phenomenon
of monachism in early Christianity, each of them set in

motion by the general dissolution of morals in the pagan
society of the time, of which we get a sufficient glimpse

from the Christian standpoint in the first cliapter of the

Epistle fo the Romans, and from the pagan standpoint in

the sixth Satire of Juvenal. These three factors were—(1)

the Oriental tendency towards retirement, contemplation,

and asceticism, influencing the infant Christian church

through the agency of those Jewish ascetics, the Essenes

and Therapeutse, who had begun long before the gospel

times both the solitary and the common life in Palestine

and Egypt, and who probably contributed many converts

to Christianity, and became practically merged therein, as

they aisappear from history in the first century of the

Christian era; (2) the Hellenic teaching of the Alexandrine

Neo-Platonists on the purification of the intellect by absten-

tion from physical indulgence ; and (3), perhaps a more
powerful influence than either, that old Roman spirit of

austerity and discipline which, while looking back regret-

fully to the memories of the simpler habits of republican

times, could find nothing amidst the social luxury and

administrative weakness of the decaying empire which pre-

sented its ideal, save the monastic system with its rigid

proscription of luxury, and even of comfort, in every form.

The first-named of these three factors was, however, neces-

sarily the earliest to operate. The Scriptures attest clearly

the existence of a body of ascetics in the persons of the

Nazarites, leading always for a certain period, and sometimes

for life, a stricter existence than the ordinary Jew ; Elijah

and John the Baptist furnished examples of the solitarj'

hermit type ; the Schools of the Prophets at least seem to

have been celibate and coenobitic communities, living by a

fixed ascetic rule ; and it is familiar to all that such was the

actual discipline of the Essenes (see Essenes). The sect of

the Therapeutse, known to us only from the book De Vita

Conlemplaliva (ascribed to Philo), and described as chiefly,

though not exclusively, established in Egypt, bore much
resemblance to the Essenes, differing from them for the

most part by greater austerity in the natter of food, and

by their preference for the solitary life over the common
fellowship of the Essenes ; for their custom was that each

member confined himself to his lonely dwelling (called by
the afterwards famous name of iiovauTrjpiov) throughout
the week, while all assembled on the Sabbath for joint

worship, and for instruction from the senior of the society.

So closely does this polity resemble that of several of the

earliest Cliristian societies of the kind that Eusebius de-

votes a chapter of his Ecclesiastical History (ii. 17) to as-

serting their identity, holding that Philo could have been
speaking of none save Christian ascetics, a view in which
he is followed by Sozomen and Cassian in ancient times,

as also by many moderns. This view has been rendered

much more probable by recent inquirers, who seem to

have made out that the De Vit. Cont. is spurious, and was
written about 300 a.d. ;i for there is a general agreement
amongst the fathers that the monastic life did not begin

till nearly two hundred years after Philo lived ; and Ter-

tuUian (160-240 A.D.) declares explicitly that Christians

in his time did not withdraw from society,—" We are not

Indian BrAhmans or Gymnosophists, dwellers in woods,

and exiles from life ; . . . we sojourn with you in the

world " {ApoL, xlii.). Yet there is no reason to deubt
that the leaven of Essenism was at work in the church

from the earliest time, and helped to form the temper
which issued in monachism. Still, the process wa.s slow

and gradual, passing through very much the same stages

as can be traced by careful inquiry in the case of the

Essenes. That is to say, the new converts to Christianity,

being for the most part dwellers in cities, were in necessary

and daily contact with the heathen society around, whose
relaxation was such as to induce an even greater recoil from
habits of self-indulgence than the stricter morality of their

new creed enjoined, so that a body known by the name of

"Ascetics" sprang up very soon within the church, and

' See especially Lucius, bie Thcrapcuten, 1879.
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were urged on to still greater severity of life when tlie rapid

progress of Christianity brought large numbers of merely

nominal converts in, whose practice fell too conspicuously

below their profession. The desire of protest against such

a state of things led to the gradual scjjaration of the

devotees into a kind of order within the main body, .and

to their actual withdrawal from habitual intercourse with

their less strict fellows, which led in turn to their departure

from the towns into more secluded places, even before any
forrnal conception of the monastic Ufe had shaped itself in

their minds. But the first glimpse obtainable of the

"common life," and that only an indistinct one, is in the

New Testament, and applies to women alone. There is

mention in the pastoral epistles (1 Tim. v. 9-12) of a class

of n-idows, apparently not as mere recipients of relief, but

as constituting an ecclesiastical grade ; while in Acts ix.

39 it appears as if a number of women belonging to this

order were united in some kind of community under the

headship of Dorcas, for the narrative rather implies that

they were her assistants in making clothing for the poor

than themselves the objects of her bounty. This conjecture

receives some confirmation from the mention of " the virgins

who are called widows " (ra? Trapdivov; rai Aeyo/tli/as XW"')
in the shorter recension of the Ignatian Epistle to the

Smyrnaeans, and from the statement of Athanasius,

that Anthony, when himself about to begin the solitary

life which he is regarded as having instituted, first placed

his sister in a convent of virgins {irapOivdva),—facts which

prove the organization of women at an earlier date in com-

munity life than of men, and lend some probability to the

notion that it may have begun very soon indeed, especially

when the prominence given to the virgins as a separate and
seemingly long-established order in the church by such

eajly writers as Tertullian 'and Cyprian is borne in mind.

Two other causes must be taken into account as tend-

ing to stimulate monachism when once it began. First is

the theological opinion, early formulated, and never since

without many advocates, that two distinct standards of

life and holiness are set forth in the gospel : that of pre-

cept, and that of "counsels of perfection,"— the former

binding all Christians without exception, the latter being

voluntary, and merely offered for acceptance to such as

aim at especial sanctity. The second, and even more

powerful, agent was Gnosticism, not only in its earlier

forms and in the kindred spirit of Montanism, but still

more in its Manichtean development, when its dualism led

to exaggeration of the antagonism between flesh and spirit,

and the human body was regarded no longer as a servant

to be trained, but as an enemy to be crushed and beaten

down with unrelenting hostility. But in every age of

monachism, from the- earliest to the latest, social disorders

and insecurity have proved the chief feeders of the cloister,

never widely popular in times of healthy and orderly

national life, but eagerly resorted to as a place of shelter

from social turbulence.

There are five main classes of monastic instituwons, each

of which approximately marks a new departure in the

history of Western monachism (for the East has never had

more than the first), as they succeed one another in chrono-

loijical order, without in any instance involving the aban-

donment of the previous foundations. They are—( 1 ) Monks

;

(2) Canons Regular
; (3) Military Orders ; (4) Friars

; (5)

Clerks Regular. All of these have communities of women,

either actually affiliated to them, or formed on similar

tines.

There is no doubt as to the time and the person, when,

and by whom, the first decisive step was taken which left

a marked interval for all time between those ascetics who
continued to live in family life, Lf not really part of it, or who
at least dwelt close to some ordinary church, to which they

resorted habitually, and the seekers after some more retired

and separate mode of life, whether singly or in communities.

During the stress of the Decian persecution (249-250 a.d.)

Paul, a native of the Lower Thebaid, born of wealthy

parents about 228, was denounced by his brother-in-law

to the authorities as a Christian, and fled for safety in-

to the desert, where he established himself in a cavern,

shaded by a palm-tree, and with a spring of water close

by. There he remained till extreme old age, dying, if

we may accept Jerome's chronology, in his hundred and

thirteenth year, about 342. Although he did not collect

any band of disciples around him, nor even, so far as is re-

corded, attract any casual visitors, except his more famous

successor, Anthony, who is alleged, in a narrative con-

taining many legendary details, to have had an interview

with him when himself a very old man, the day before

Paul's death
; yet there seems reason to believe that the

fame of his example spread sufficiently to induce imitation

of it, and that anchoretic cells began to be set up sparsely

in the deserts even before Anthony adopted that mode of

life. Anthony's career differed in various respects from

that of his precursor. In the first place, it was voluntary

choice, not fear of persecution, which sent him into solitude.

He was born about 250 at Coma in Upper Egypt, of

wealthy Christian parents, and was left at eighteen jears

of age in possession of a large fortune and of the guardian-

ship of a younger sister. He had received what was prob-

ably a fair vernacular education, but distaste for study,

or perhaps more probably that difficulty which contempla-

tive intellects experience in the acquisition of languages,

left him unacquainted with Greek or Latin
;

yet the

intimate knowledge of Scripture which he afterwards

displayed cannot be satisfactorily accounted for in any
other way than as the result of attentive perusal, since no

mere listening to the lections in church would siiffice to con-

vey it ; and we must therefore take Athanasius's statement

of his ignorance of letters to denote the absence of culture,

not as implying actual illiteracy. One day, hearing the gospel

read, " Go and sell that thou hast, and give to the poor . . .

and come, and follow Me," he took it as a direct address

to himself, and at once returned home, distributed his pro-

perty amongst his neighbours, reserving only a small sum
for the support of his sister whom he placed in charge

of some Christian virgins, and then betook himself to a
solitary life, first visiting the most eminent ascetics and
anchorets he could find, in order that he might learn the

peculiar merit of each, and imitate it. He fixed his dwell-

ing first in a tomb, then in a ruined fort near the Nile,

where he remained for twenty years, leaving it but once,

in 311, to encourage the Christians of Alexandria during

the persecution of Maximin ; and lastly in a small grove of

date-palms, a few miles west of the western coast of the

Red Sea, near the base of Mount Kolzim, where he made
an enclosure and planted it as a garden. He quitted this

retirement but once in his remaining life, when he again

visited Alexandria in 335, at the request of Athan-

asius, to preach against the Arians. Yet his fame drew

not only frequent visitors to his cell, but nimierous disciples

and imitators around him, attracted not alone by his pious

austerities, but by his cheerful and courteous manners and

shrewd practical judgment. He made the solitary life

honourable and popular, fully justifj-ing Jerome's phrase

in comparing him -svith Paul, " Hujus vita; auctor Paulus,

illustrator "tiam -Antonius." TMien Anthony died in

365, aged one hundred and five, the deJert was already

studded with hermitages in every direction, and the second

great step in the development of monachism had been long

taken by Pachomiixs, who stands out in history at once as the

founder of the ccenobitic life amongst Christians and as the

autlior of the first formal monastic i-nle. '"^orn about 292,
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and converted to Christianity In carl}' manhood while

serving in the army, he was baptized on obtaining his dis-

charge, and at once adopted the ascetic life under the

direction of the hermit Paiiemon, with vhom he retired

to Tabennas, an island in the Nile, between Farshoot and
Dendarah. Here he began his new institute, whose dis-

tinguishing features were as follows. The monks were

distributed into cells, each of which contained three inmates,

known in tliis relation as tynce/li (the ijsual number in

other Egyptian foundations was two in each cell, while in

Syria the tenant had no partner). A large number of such

cells clustered near each other formed a laura, and each

such laura liad but one common place for meals and other

assemblies. Work and food were apportioned to each

inmate according to his physical strength, and such as

were permitted exceptional strictness in fasting were not

to undertake the heavier tasks of bodily labour. Their

dress was to be a close linen tunic, with a white goatskin

by way of upper garment, which they were not to lay aside

at meals or in bed, but only when they assembled for the

euoharist, when they wore their hoods only in addition to

the tunic. They were divided into twenty-four groups or

classes numbered according to the letters of the Greek

alphabet, into which they were distributed according to

their intellectual and spiritual proficiency, the least intelli-

gent being placed in class «, the letter of simplest form,

and the ablest in class ^, the most complicated. Each
group was subdivided into bands of ten and a hundred

under decurions and centurions, and all subject to the

Abbot, who was himself in turn, when the institution

spread and ramified, subject to the Superior (or Archi-

mandrite) of the mother-house ; while the finance of each

house was managed by a steward (oikovo/xos), who was simi-

larly accountable to the treasurer or steward at Tabennaj.

Their usual food was bread and water ; their luxuries, oil,

salt, and a few occasional fruits or vegetables, chiefly

pulse ; frugal meals which they ate in strict silence

—

sometimes broken by the voice of a reader, appointed to

recite lections from the Bible—each man so wearing his

hood or cowl as to hide his face from his companions.

They assembled twice daily for common prayer, and met
further for communion on Saturdays and Sundays. A
strict probation of three-years was imposed on postulants

for admission, during which they were confined to simple

tasks of labour, and were not permitted to enter upon
actual study till they had satisfactorily passed through

this term. Their work was tillage for their own immediate

wants, and weaving mats or baskets for sale, to procure

such necessaries as their direct labour was insufficient to

provide ; and, as time went on, other handicrafts were

practised in the cloisters, such as those of smiths, tailors,

boat-builders, tanners, and so forth. Pachomius induced

Lis sister to found a convent of nuns governed by very,

similar rules, and subject to the authority of a visitor

appointed by himself, as superior of the whole institute.

Such was the success of the Pachomian rule that before

the founder died (between 348 and 360) he had no fewer

than fourteen hundred monks in his own coenobium, and

seven thousand altogether under his authority. Nor was
its influence confined to Tabenn* and its dependencies.

Ammon carried the rule into the Nitrian desert, where

five thousand monks were soon collected ; Hilarion bore

it into Syria and Palestine, Eustathius of Sebaste into

Armenia, Ephraem Syri's into Mesopotamia, BasU the Great

into Cappadocia and Pontus (though a rule of Lis own
framing supplanted it later) ; and, above all, it was brought

by Athanasius himself into Italy, whence it spread over

the West till modified in various ways by subsequent legis-

Jation, and finally displaced by the Benedictine institute.

And such was its popularity, meetin^r as it did a need of

the time, that its votaries in Egypt alone amounted by

the 5th caiitury to more than a hundred thou-sand, of whom
three-fourths were men. This rule has come down to ua

in two very ditrerent forms : an earlier and probably ori-

ginal one, preserved for us in the Uisioria Laustaca of

Palladius, bishop of Helenopolis (367-430)—a great store-

house of details on Egyptian monachism, which is very

brief, and has been summarized above—and a much
longer recension, extending to 194 heads or chapters, pre-

served in a translation by Jerome, in whose time the

monks governed by it had increased to fifty thousand.

It had not, however, a complete monopoly, for there were

also similar rules in kcal use, going by the names of famous

ascetics such as Paphnutius, Macarius, and Serapion ; nor

was it uncommon to find communities wherein two or three

difi"erent rules were followed simultaneously by the various

inmates. The rule of Basil, however, proved to the

East what that of Benedict did to the West, in that it

practically absorbed or supplanted all its predecessors,

while, unlike the great Western reform, it has had no sub-

sequent competitors, and remains to this day the single

monastic code of the Oriental Church. This nile is

embodied in the Ascetic Sermons of Basil, and also in

two recensions, a longer and a shorter one, of the actual

provisions of his code, which are marked with not a little

of the shrewd practical sense, as well as lofty piety, which

characterized the founder,—being especially noticeable for

their discouragement of the solitary mode of life, and for

their recommendation of labour. The development of Orien-

tal monachism thus ceases with the BasiUan rule, and there

are only two seeming exceptions to this fact : the institu-

tion of the Accemeti (aKot/nTjTot), or "sleepless" monks
in the 5th century, for the purpose of keeping up unbroken

prayer day and night—a system copied much later in th«

West by the communities founded for "perpetual adora-

tion ; " and the erection, for these very monks, of the great

monastery of the Studium at Constantinople (named from
Studius, its founder), which was the Cluny of its time and

country, as a centre of tie more intellectual monastic life,

and as the model of stateliness in ecclesiastical ceremonial.

Greek monachism, as an' institute, has no history later than

the 5th century. The monks indeed constantly appear as

factors in the controversies of the centuries which followed,

at once the polemical and the political disputes showing

them equally fierce and eager partisans (notably in the

Iconoclastic controversy, which found them the most ardent

champions of images) ; but they cannot be said to have

exerted much influence upon society till a very late period

of their history, when they were instrumental in keeping

the national spirit and the national religion alive in Russia

when sufi"ering under the Tatar yoke, and they performed

a Uke service for Greece during the centuries of Turkish

oppression. It may further be added that, however

low the intellectual life of Eastern monasteries may appear

when judged by a Western standard, the clergy who are

trained in them, technically kco-svn as the "Black clergy,"

stand much higher in character, acquirements, and general

influence than the secular or "White clergy" of the parishes,

whether in Greece or in Russia,

It has been already mentioned that the bad side of

monachism. appears almost as early as its good side.

^ This great abbey, at the height of its prosperity, contained more
than a thousand monks, and the following list of its staff of ofBce-

beacers, due to Theodore the Studite, may be usefully compared with

the Western monastic hierarchy;
—

'H7ot'/ie»'os (abbot), vvceraKTiKin

(prior), oIkovS^os (treasurer), iTnarrjfiopdpxv^ (ceremoniarius), iTrtn]'

prjr/it (inspector), Kafonipxv' (precentor), Ta^idpxv' (seneschal), «X-
Xapi-nj! (cellarer), ipKr-njTdptos (refectioner), jSfiTTnipiot (sacrist),

d<ftvTrvLffT-^i (evigilator), voaoK6fj.oi (infii-marer). One or two of the

offices do not quite correspond in East and West, but the general

resemblance is close.

I
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WTiile the system won the admiration of all the most emi-

nent Christian teachers of the age which saw its birth and

early growth, and whde we are met by a still more remark-

able fact that from the time when monachism was fairly

established till we enter on the Middle Ages there are

but two or three names of distinction amongst the clergy,

whether as writers or administrators, to be found outside

the ranks of monachism, amongst whom the most famous

are Ambrose and Leo the Great, nevertheless, there is

a heavy account on the other side. Not only did the

institute speedily find itself caricatured by the Messalians,

Euchites, Gyrovagi, Sarabaites or llemoboth, Circumcel-

liones, and other companies of professed ascetics, wild in

doctrine, vagrant in habits, and turbulent in conduct, but

the more genuine societies had scarcely fewer faults in too

many cases. Lay in their origin, and for the greate-- part

of their earlier history having but rarely ecclesiastics

amongst them (a single priest ordained for each monastery

to minister to its inmates being the utmost allowed for a

considerable time), they were not subject to the same strict

inspection and discipline as the clergy, in case a whole

community chose to disregard its rule ; though of course it

was easy to deal with an offender who had the tone of his

monastery against him. The clergy were subject to the

direct control of the bishops, and many disciplinary canons

of councils laid down rules for their conduct ; but this was
not the case wth the monks for a considerable time—nor

indeed ever effectively in the East—and their lay character

gave them practical independence of any authority external

to their abbot. And, despite the stringency of the mon-
astic rule itself, which, even before actual vows began

to be introduced (probably on the recommendation of

Basil), always involved during compliance with it the

three engagements to the observance of poverty, chastity,

and obedience, which make up the staple of the monastic

principle, and though pains were taken to exclude unfit

apijlicants (such as criminals, slaves who had fled for rea-

sons other than ill-treatment, or persons who had kindred

dependent on them), while a long probation was exacted

from all who were accented, yet it was impossible that

more than a small proportion of the many thousands who
flocked in during the first enthusiasm for the new move-

ment should have had any real sympathy with the re-

straints and aspirations of such a mode of life. Severe

asceticism operates differently on different natures, and
while there are some whom it does but discipline and

refine there are more whom it tends to coarsen and to

brutalize, even apart from the many whom it is apt to

affect with morbidness, if not actual insanity. And it is

unquestionable that vast numbers of those who entered

on the monastic life came from the poorer classes, in

search of some less toilsome mode of existence than they

had previously led, preferring the contemplative societies,

wherein almost no labour, certainly none of a severe and
trying cast, was practised, to those where agriciilture and
other active employments, requiring more energy than mat
and basket weaving, were enjoined. Such men, unedu-

cated and undisciplined, were liable to be thro\\Ti entirely

out of gear by the complete revolution in their mode of

life,—especially when the community they joined was not

only contemplative, but situated in some place where the

ungrateful soil made tillage nearly impracticable, and the

vast numbers crowded together were far too numerous for

any tasks which could be assigned them. From the bosom
of such societies came not only single examples of exagger-

ated spiritual pride, bitter fanaticism, avaricious greed of

the scanty articles whose usufruct was permitted, fierce

sensuality, and wild religious delusions, but they gave
birth to companies like the poa-Kol, or " grazing monks,"
of Mesopotamia and Palestine, who roved about shelter-

less and nearly naked, as Sozomen and Evagrius tell us, in

the mountains and deserts, grovelling on the earth, and
browsing like cattle on the herbs they casually found ; and
to those fierce bands of Nitnan and SyTian ascetics who,
reared in the narrowest of schools, treated any divergence

from their own standard of opinion as a crime which they

were entitled to punish in their o-rni riotous fashion, two
instances of which have left an indelible brand on their

history—the murder of Hypatia in Alexandria, and that of

the patriarch Flavian at the Robber Synod of Ephesus. An
equally singular, but more sj:)oradic and temporary, form

of asceticism was that of the Stylites or Pillar-hermits

(o-TvAiVai, KLovlra.!.), who followed a fashion first set by

Simeon, a Syrian monk who spent almost half of the 5th

century on the summit of a column 60 feet in height.

This unwonted kind of austerity at first gave rise to strong

objections, even from hermits themselves, and a messenger

was sent to Simeon, bidding him in the name of a synod

of bishops to descend from his pillar, but with instruc-

tions to permit him to remain if he showed himself ready

to comply. Such proved to be the case ; and, having thus

assured themselves that he was not influenced by spiritual

pride, they left him to follow his own devices. And we
have the direct personal testimony of the wise and tem-

perate Theodoret that he exercised a strong and salutary

influence over the nomadic Saracen tribes, converting many
hundreds and even thousands to Christianity, besides being

the shrewd and trusted adviser, not only pf the peasants

who flocked to him for counsel, but of Arab princes, Per-

sian kings, and even Roman empercrs. He cannot be

judged, therefore, by ordinary standards, and it is more
than likely that a less extraordinary mode of life would
have given him less power for good ; but he is the only

eminent figure in the class to which he belongs, and the

fashion he set may be said to have died cut with his name-
sake, the younger Simeon, a century later. Even when
the healthier side of monachism a? it appeared in Egypt
and Syria is dwelt upon, and the fullest weight is allowed

to the contemporary pictures drawn by great Christian

writers cf the monasteries as schools of a philosophy truer

and purer than that of the Porch or the Academy, as

places where the equality and brotherhood, merely dreamed
of as unrealizable fancies in the cuter world, could be seen in

living action—where children, deserted by their parents or

other^vise orphaned, were carefully reared—where the sick

were lovingly tended—where caimness, piety, and self-for-

getfulness were the rule of ail,—it must be confessed that

the complaint of the Government, embodied in the hostile

legislation of the emperor Valens in 373, subjecting

monks to the conscription (which drew forth an indignant

protest from Chrysostcm), that monachism was injurious

to society and to the healthy condition of civil life bj

draining off so large a fraction of the population into the

backwater of the cloister, was perfectly well founded.

And no small part of the overthrow of Christianity in

Egypt and Syria by Islam is due to the practical with-

drawal of all the devout from family and public life, leaving

no spiritual energy to cope with the Koran in the towns

and villages whither the conauerinfr Arabs came to settle

and proselytize.

The history of monachism in the West is far more varied,

chequered, and interesting than in the East. It takes

its beginning from the visit of Athanasius to Rome in

340, during his second term of exile, when he brought

with him his Life of St Anthony, and pressed his example

on the Roman Christians who mourned as patriots, not less

than as devotees, over the lax and enervated habits of

society. The popular imagination was caught at onces

and not only was the basis of monachism successfully laid

in Rome itself, but Eusebius of Vercelli introduced it
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into northern Italy, where it was fostered a little later

by the illustrious Ambrose at Milan. From the very

beginning a marked difference shows itself in the spirit of

Western monachism as compared with the parent institute

in the East. Partly from dissimilarity of climate, but still

more from that of racial and national temperament, there

has always been less tendency in the West to either abstract

contemplation or severe self-torture, such as is equally

common to many of the Egyptian or S)Tian ascetics and

to the Jogis of Hindustan. Hard ^v•ork, with due inter-

vals for food and recreation, occupied all that part of a

Western monk's time which was not devoted to prayer or

study, and a careful apportionment of his duties through-

out the day gave each hour its appointed task to be ful-

filled, leaving very few loose ends of time to be wasted.

It is true that the Basilian rule aimed at this same end,

and that a very minute time-table forms a part of other

early Eastern codes ; but, as already remarked, the work

was neither hard enough nor abundant enough to provide

really healthy labour, or to occupy the mind sufficiently

to keep it from vague speculation or morbid brooding dur-

ing the hours of so-called toil. From this fundamental

unlikeness springs the broad distinction between the two

types of the monastic life, in that the West did not merely

provide shelter for such as felt unable to endure the storms

of the world, leaving secular society to take care of itself

as best it could, but, contrariwise, employed the cloister

far more as a training-school for the strong, as the stand-

point whence to work the lever which moved a world.

Even the more remotely secluded monasteries of the West,

instead of serving as refuges wherein the inmates might

effectually cut themselves off from all intercourse from

without, were rather military outposts and frontier forts

of civilization, which taught the arts of peace, the pro-

cesses of agriculture, and at least the rudiments of social

morality, to the rude and almost nomadic hunters and
forayers, of whom many of the wilder tribes in outlying

districts consisted. And if such v/as the case even where

the conditions seemed least favourable, it may readily be

understood what an ample field for exertion the more
settled regions provided.

It would Seem that it was some modification of the

Pachomian rule which first made its way into Europe,

but the interest excited by the movement led to variety

of choice on the part of the teachers who aimed at spreading

its influence in Italy. Thus, Urseus, abbot of Pinetum
(probably near Ravenna), translated the Basilian rule into

Latin, and it soon took root in southern Italy, where it

continued to hold its ground for a considerable time.

But a far more important part in the propagation of the

monastic institute in the West was taken by Jerome, who,

after spending a considerable time, beginning in 374,

first as a hermit in the desert of Chalcis, and later at

Constantinople, returned to Rome in 382, where he

was secretary to Pope Damasus. He acquired much
influence over a distinguished group of Roman ladies of

high social position, the most celebrated of whom are

Paula, and her daughters Blesilla and Eustochium, and
employed that influence in urgitfg the adoption of the

monastic life upon them. Blesilla died early, it was said

and believed in consequence of austerities pressed upon
her which her constitution was unable to bear ; and the

unpopularity which this report brought upon Jerome,

co-operating with the death of his patron Damasus and

other causes, drove him back to the East, whither Paula

and Eustochium also betook themselves, finally settling

down in Bethlehem, where the elder lady built three con-

vents, of one of which she was superior, while Jerome, who
similarly erected a monastery for monks in the immediate

vicinity, acted as chaplain and director to the community.

As the taste for pilgrimages had already become deeply

rooted, the convent at Bethlehem was ere long a favourite

resort of pilgrims, and exerted considerable influence in

prompting the erection of similar foundations in the

West. Quite another impulse was given to the further-

ance of monachism by Augustine. While, amongst the

many documents which have been ascribed to him, the only

one which is of the nature of a monastic code is his 109th

Epistle, addressed in terms of severe reproval to the nuns

of a convent he had himself founded at Hippo, but which

had fallen away from discipline, his personal example

gave rise to a new type of the common life, in that he

formed a sort of college of priests, who shared the episcopal

house with him, ate at a common table, and c6pied in

other particulars the observances of monasteries, but Tvith-

out losing their secular character. This was the origin of

the institute afterwards famous as the Austin. Canons, a

foundation of the 11th century. It is true that Eusebius

of Vercelli had anticipated Augustine by collecting the

clergy of his cathedral (and, as it would seem, the remain-

ing ecclesiastics of the city) into a common dwelling, but

the difference in his case was that he obliged them to adopt

the habit and style of monks, and thus was in no sense the

originator of a new institute. Another important contri-

bution of Augustine's to the history of the common life is

his treatise De Opere Monachorum, wherein he sets forth the

imperative need of making hard work an invariable factor

of the monastic profession, notably on the ground that

most of the monks in Africa came from the lower ranks

of society, such as freedmen, farm-labourers, and artisans,

who were spiritually injured by being raised into a grade

viewed with more general respect than that from which

they had sprung, while they were actuaUy subject to fewer

privations and lighter employment than they had been

accustomed to. And he adds that amongst other evil

consequences of this idleness was that they were found
tramping the country selling sham relics, which they

palmed off on the unwary, extorting money in other

fashions also, and bringing discredit on their profession

by their hypocrisy and vices—a picture only too faith-

fully repeated by the Mendicants a thousand years after

the date of this treatise. The 5th century was one of

rapid progress in the spread of monachism in the West.

Chief amongst those who helped to popularize it stands

the name of John Cassian (350-433), a monk of Bethlehem,

who made a long and careful study of the Egyptian

forms of monachism, of which he has bequeathed us valu-

able details in his De Institvtione Co!nobioi~um and Col-

lationes Patrum, the former of which is a treatise on the

monastic life, and indeed virtually a rule, though a some-

nhat prolix one, mainly derived from Macarius, while the

latter ia a record of the teachings of some hermits of the

desert of Scete. Both of these works exercised a powerful

influence in their own day, and the second retained its

repute much longer, having been warmly approved and.

recommended for study by Benedict, Bruno, Dominic,
and Ignatius Loyola, all four founders of celebrated orders.

Cassian fixed himself at Marseilles, where he founded a

famous monastery of which he was probably abbot, and
which was the centre whence monachism, uniting the

peculiarities of East and West, was propagated in southern

Gaul, and notably planted in the island of Lerins,

which became the seat of one of the most eminent
monasteries of the early Middle Ages. ' Northern Gaul
had received the institute earlier through the agency
of Martin, bishop of Tours (316-397), who founded
monasteries near Poitiers and in his own diocese, which
were soon thronged, so that his funeral was attended by
two thousand monks. Spain was even earlier in the field

than Gaul, but there is some obscurity as to the history
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of the introduction of monachism there, all that is certain

being that it had made its footing good before 380, the
date of a council of Saragossa (Cajsaraugusta) which for-

bade priests to assume the monkish habit. Still more
obscurity hangs over the first establishment of monachism
in Britain, as to which no trustworthy records have come
down to us, though all probability points to its importation

from Gaul in some variety of the Pachomian rule ; while

Germany did not receive the institute till the following

century.'

It must not be supposed, however, that the principle of

monachism met with no opposition in the course of its

progress. Apart from the opposition of those who disliked

it precisely for its merits, for its protest against the

dissolute morals and enervated habits of a luxurious and
rotting society, and for the manner in which it won to

itself many of the noblest and most promising of the

young and ardent of both sexes, and without taking into

account the more reasonable objections of statesmen, there

were not lacking warnings of the dangers attending

exaggerations of the principle of monachism, uttered by
some of its most eminent upholders. Augustine's sharp

censures have been already mentioned, and to them may
be added the decrees of the council of Gangra in 363,

or thereabouts, wliich anathematize those who adopt a
celibate life on the ground that marriage is evil, who wear
a peculiar dress as a mark of holiness, condemning such
as use ordinary clothing, or who desert their parents or

children dependent on them under the plea of desiring to

lead an ascetic life. So, too, the great Chrysostom, him-
self a warni advocate of monachism, found himself obliged

to teach his flock the sanctity of Christian family life, and
the truth that there was often as much selfishness as piety

in retirement to a hermitage from the cares and duties of

society. These arguments and decisions were, however,

aimed only at abuses and exaggerations of the monastic

idea. It remained for Jovinian and Vigilantius to assail the

actual principle. Their writings have not survived, and
we can judge of their arguments only from the account
given of them by their chief opponent Jerome, whose
eminent gifts, however, did not include either moderation
or controversial fairness, so that it is not safe to assume
that we have all their case before us. As regards

Vigilantius, he accurately represents the Puritan type of

mind protesting against the external part of the popular

religion of his day, often with good reason, but also show-

ing equal intolerance for harmless, if not useful, practices
;

so that his condemnation of monachism is only part of his

general objection to the temper of his time. But Jovinian's

objections seem to have gone deeper. He had been him-

self a monk (and indeed never resumed secular life), but
he disputed absolutely the thesis that any merit lay in

monachism, celibacy, fasting, and asceticism considered in

themselves, save in so far as they contributed to foster the

Christian temper and life, which might and did flourish

equally, he urged, under quite difl"erent conditionr^ while

it was by no means unfrequent for spiritual pride, if not

Manichjean error, to lay hold of those who devoted them-
selves to the ascetic profession. This was, in fact, going
very little further than Chrysostom had done, or than

Nilus did a short time later. But Jovinian's divergence

from "the standard of his day was not confined to jiractical

questions ; it extended to theological doctrines also, and
accordingly his strictures on monachism, probably more
incisive and less qualified than those of its other critics,

were involved in his condemnation as a heretic by synods

at Rome and Milan in 390. The reaction, of which he
may be regarded as the mouthpiece rather than us the

sole representative, was thus effectually crushed, and that

for centuries. And though Jovinian is undoubtedly mere

in accord than his opponents with the modern temper on

the. subject of monaciism, and while it may be allowed

that his teaching might have been a useful corrective in

Eastern Christendom, where family Ufe was all but over-

borne by asceticism, yet the impartial historian must
admit that his success • would have been an irreparable

misfortune for civilization in the West. Such a dispas-

sionate estimate of asceticism as his, if widely entertained,

would have been fatal to the spread of monachism, and
thus one of the most important conservative and statical

forces in the preservation of the older culture, one of the

most powerful dynamical forces in reducing the chaotic

materials of early mediteval society to order and coherence,

would have been lost to Europe; nor is it easy to conjecture

what eflfectual substitute could have taken its place. As
it was, the movement was not checked for a moment by
this partial reaction ; and not only did the older com-
munities thrive and spread during the 5th and early 6th
centui'ies, but new ones were established,—chief among
which stand those of Coesarius of Aries and of Donatus
of Besangon in southern Gaul, that of Isidore of Seville

in Spain, and the early Celtic code, of which only tradi-

tional fragments survive, but which seems in Britain to

have been strongly afi"ected by tribal infiuences, so that
a monastery was often recruited from a single clan, and
the abbacy became hereditary in the family of the chief-

tain, a fact which is noticeable even in the succession of

the abbots of lona, who for ten elections after Columba
were of his family in the tribe of Conall Gulban.i

But, swiftly as monachism spread in Europe during the
breaking-up of the Western empire, some of the causes
which hastened its progress also tended to its rapid de-

cay. The disturbed state of society, and, in particular, the
prevalence of petty warfare, drove many thousands of

persons to seek a quiet refuge in the cloister without any
more directly religious motive. When once there, they
found in every place sonie rule in force which was either

imported directly from Egypt or Syria, or else, like that

of Ccesarius, modelled on Eastern lines, and therefore

ill suited to the severer climate of Europe and the more
active habits of the people. The austerities were thus too
opjjressive for general observance, and the result was a
widespread neglect of rules which continued nominally in

force, while at the same time the very monks who had
ceased to keep them laid claim, to special sanctity on the
pretence of their strict way of life. The time was ripe

for a reform, or rather for a wholly new departure in

the shape of a rule devised to meet Western needs, and
not merely adapted more or less clumsily from Oriental
asceticism. The fitting man to accomplish this diiBcult

task appeared in the person of Benedict of Nursia, author
of the most famous of all monastic codes. Born of a
respectable family about 480, he adopted the ascetic life

at fourteen in a cave near Subiaco, not far from Rome,
where he remained for three years, at the expiration

of which he was chosen abbot of a neighbouring con-

vent, then in a very relaxed state. His rule proved
too stern for his new subjects, who attempted to poison
him, whereupon he resigned his ofiice and returned

to Subiaco, around which he soon erected twelve monas-
teries, each peopled by an abbot and twelve monks.
Fresh attempts on his life and on the discipline of his

society drove hira out again in the year 528, when he fixed

his dwelling at Monte Cassino, the place where his cele-

brated rule was drafted in the following year, and which
has ever since prided itself on its rank as the cradle of the

Benedictine Order and the premier abbey of Western
Christendom. The famous institute which, he devised

^ Adamufiii, ViL Cuhtmh,^ ed. Reeves.
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has a great surface likeness to the lule of Basil, which

alone has rivalled it in permanence, though far below it

in diffusion and, it may be added, in services to humanity.

Superior in flexibility and in the power of adapting itself

in new conditions of circumstance and society to S,ny rule

which preceded it (and indeed to most of those devised

later), the effect it produced in its own immediate day and

for several centuries- afterwards is almost incalculable.

Obedience, silence, humility ; worship, study, and work ; such

are the ideas and employments with which tliis code of seventy-three

chapters is occupied. It opens with a scnnonet or hortatory preface,

and then proceeds to define the existing classes of monks, as divided

into Ccenobites, Anchorets, Sarabaites, living by twos and threes

together without any fixed rule or lawful superior, and Gyrovagi,

vagrant tramps ~ho, even at that time, as more than a century

earlier, continued to bring discredit on the monastic profession. It

was one great aifn of the Benedictine reform to extirpate these two

latter classes, and the method adopted was the addition of a fourth

vow, that of "stability," to the three usual pledges. This fourth

TOW bound the monk to continuance in his profession, and even to

residence for life at the monastery in which ho was professed, unless

temporary absence or permanent transfer were permitted by the

authorities, and thus struck directly against the temper of restless-

ness and desire for change which were such powerful factors in

generating the irregular and wandering classes just named. Chapter

li. describes the qualities of an abbot, and also decrees that no dis-

tinctions of worldly rank or station are to be recognized amongst
the inmates of the monastery. Chapter hi. is one of those which
best enable us to estimate the foresiglit and good sense of Bene-

dict. It enacts that the abbot is to call the entire body of the

brethren together to deliberate oi any weighty matter, and not to

decide it till he has heard the counsel of even the very youngest

;

while in matters of less moment consultation with the elder members
suffices. Chapter iv. enumerates the instruments of good works,

BummM up in seventy-two pithy maxims, mainly Scriptural in letter

or spirit. Chapter v. is on the obedience of disciples. Chapter vi.

is on silence, recommending spareness and wholesomeness of speech,

but not laying down any hard-and-fast rules such as those of the

Trappists of a later day. Chapter vii. treats of humility, including

injunctions to the monk to confess his secret faults and thoughts to

the abbot, to do nothing but what the common rule or the example

of his seniors teaches, and to exhibit lowliness and meekness in out-

ward bearing as well as in the inward spirit; Chapters ix.-xx. are

coupled with directions about the performance of Divine service,

so far as relates to the recitation of the Canonical Hours, seven of

the day and one of the night. Chapter xxi. provides for the

appointment of deans (officers over ten monks) in large monasteries,

to be chosen by merit, and not by mere seniority. Chapter xxii.

prescribes rules for the dormitory, each monk to have a separate

bed with suitable coverings, and to sleep in his habit, and girded,

so as to be ready to rise at a moment's notice, and a light is to be

kept burning in the dormitory till morning. Eight chapters (xxiii.-

XXX.) then deal with offenders, a gi-aduated scale of penalties being

provided : first, private admonition ; next, separation from the

brethren at meals and recreation ; then scourging ; and, finally, ex-

pulsion in the case of hardened offenders, but not until tlie abbot

has used every means to soften and reclaim them. Even in this last

event, the outcast may be received again, and that thrice, on the

condition of forfeiting his seniority and descending to the lowest

place. After the third expulsion, return was finally barred. Chapter

xxxi. is on the character and duties of the cellarer, an important

officer in monasteries ; who was steward, and had the charge of all

the stores, and the responsibility of serving them out as needed
;

while the next chapter provides for the appointment of inferior

officers to take charge of the tools, clothes, and other goods belong-

ing to the monastery. Chapter xxxiii. prohibits anv monk to give,

receive, or keep aught as his own without leave of the abbot, who
is, however, bound to supply him with all necessaries. Murmuiing
at anything in the manner of distribution is censured in the next

chapter as a very grave offence. Chapter xxxv. ordains that the

brethren are to serve in the kitchen by turns, unless excused by
reason of sickness or some more important occupation, and that who-
ever is on duty on Saturday is to clean up for the week, and to

deliver all the cloths and utensils to the ccUarSr in good condition

for his successor in office. Chapter xxxvi. , while warning the sick

not to be impatient or exacting, gives caicfui directions for tla-ir

comfort. They are to be placed in an infirmary and to bo com-
mitted to the care of a competent attendant, are to be allowed baths
as often as is expedient, and a flesh diet to promote their recovery,

though against the rule for those in health. Old men and children

are also to be dispensed from the rigour of the rule, and they may
have their meals before the usual hours, instead of waiting for the

others. Chapter xxxviii. directs that reading aloud during meals
is to be practised, and that no conversation, even about the subject

of the reading, is to bo carried on by the brethren, who are to keep

silence, using sigr.s if they need anything. The reader is to be

appointed for a week, and to enter upon his duties on Sunday. He
is to b« allowed a little food before beginning his task, lest he should

become faint, and is to finish his meal afterwards along with the

kitcheners and waiters. And the readers are not to take turns of

duty in order, but only such persons are to bo appointed as can dis-

charge the office satisfactorily. Chapters xxxLx. and xl. prescribe the

daily rations of food and drink. Two meals are allowed, consisting

of two cooked dishes {puhncniaria), to permit a choice of food, lest

one or other dish should he unsuitable to any one, and a third dish

of fruit or young vegetables is granted as an occasional addition.

A pound of bread is to be served out daily for each, though the abbot

is empowered to increase the rations of such as had extra hard work

to do ; while the rations of children are to bo proportionably

diminished, and flesh-meat is forbidden to all except the sick and

weak, but there is no prohibition of any flesh save that of four-footed

beasts, thus leaving the use of poultry, eggs, and fish optional.

One pint of wine daily is allowed to each monk, but the hesitation

with which this is conceded is noteworthy ; and, while the prior is

empowered to increase the allowance if he judge it well, the brethren

are told that voluntary abstinence is the best course, and that where

a house is too poor to provide wine those debarred from it are not

to murmur. Cliapter xli. prescribes the hours for meals at different

seasons of the year, care being taken that both meals shall be taken

by daylight, without need of lamps. Chapter xlii. directs the monks
to assemble in the evening for a reading, preferably of the Collations

of Cassian, followed by compline, after which silence is to be strictly

observed, save for some necessary cause. Chapters xliii.-xlvi. im-

pose penalties for minor breaches of rule, such as coming late to

prayers or meals. Chapter xlvii. gives some further directions as

to Divine service, throwing on the abbot or his deputy the responsi-

bility of notifying the hour for it, and provides that no incompetent

person shall be set to chant or read. Chapter xlviii., although

brief, is one of the most important and characteristic in the rule.

It is on daily manual labour, and begins with the pithy axiom,
" Idleness is an enemy of the soul" (Oliositns inimka est animm).
It proceeds to enjoin that the brethren are to distribute the time
not already taken up with prayer, meals, and sleep, into periods of

manual labour or devout reading. From Easter till the 1st October
they are to work from prime till the fourth hour. From the fourth

till nearly the sixth hour they are to read. On rising from meal-
time after the sixth hour they are to rest in silence on their beds—
the familiar siesla of warm countries—but those who prefer to read

may do so, provided they disturb no one. Nones are to be said

about the middle of the eighth hour (2.30 P.M.), and then work is

to be resumed till evening. From the 1st October till the beginning
of Lent they are to read till the second hour, then to say terete,

after which to work till the ninth hour. At the ninth hour, they
are to leave off work, and after their meal to read spiritual books or
the Psalms. In Lent they are to read from the morning till tlia

third hour, then to work till the end of the tenth hour. And every
one is to have a book given out to him from the library at the be-'

ginning of Lent, which he is to read through ; while two senior

brethren are to go the rounds during reading hours to see that the
monks are actually reading, and neither lounging nor gossijung.

On Sundays all are to read throughout the day, except such as have
special duties to discharge ; and if there be any who either caniiot
or will not read or meditate, some task to keep them from idling is

to be assigned them. Sickly and delicate brethren are to be given
light work, suitable to their health. Chapter xlix. suggests, with-
out commanding, the adoption of some voluntary self-denial during
Lent, to be undertaken with the abbot's approval only,—austerities

without such sanction being denounced as vaiugloiious. Chapter
1. directs that brethren who work at a distance, so as to bo unable
to attend common prayer, are to recite the office where they may
ha])pen to be. Chapter li. prescribes that monks sent on an errand,
and expecting to return the same day, are not to eat while out,

unless they have special leave from the abbot. Chapter lii. gives a
few directions as to behaviour in the oratory. Chapter liii. contains
rules for the entertainment of guests. The most noteworthy pro-
visions are that the abbot is licensed to break his fast with the
guests, unless on a church fast-day, in order to bear them company
at meal-times ; that the kitchen for the abbot and guests is to bo
separate from the general kitchen, and served by the same two
bretliren for a yeai', to insure tliat no additional labour may fall on
the ordinary kitcheners through the unex]iectcd arrivals of strangers
needing to he fed ; that the guest-room be entrusted to a brother
(the hospitaller), and that no monk shall speak to or mix'with the
guests unless by special appointment—a very salutary regulation,

in view of the miscellaneous rout of visitors likely to apply for food
and shelter. Chapter liv. forbids monks to receive letters, tokens,
or gifts, even from their nearest kin, without the abbot's permis-
sion, or to give any such things to anotlicr ; and the abbot is em-
powered to transfer prc!'~nts to some person other than bini for whom
they were intended. Copter Iv. prescribes the dress, and, with
Benedict's usual good s>'i'sc, leaves it wholly in the abbot's dis-

cretion to provide clothin(_' suitable to the cliinato and locality.
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merely ruling that in temperate places a cowl and tunic, thick in

winter and thin in summer, witii a scapular (a sleeveless woollen
garment passed over the head, and falling down over the breast and
back) for work hours, as also shoes and stockings, all of the ordinary

country make and cheapest kind, shall suffice. Each monk is to

have a change of these garments, to allow of washing, and yet

another for use when sent on a journey, .to be of rather better

materials, and to be kept in the general wardrobe when not in actual

wear. The old clothes are to be given up when new ones are served

out, and are to be laid by in the wardrobe for the poor. A straw

mattress, blanket, quilt, and pillow are to be furuished for each

bed ; and in addition the abboc is to give every monk a knife, a

pen, a needle, a handkerchief, and tablets. Chapter Ivi. rules that

the abbot is to take his meals with the guests and strangers, with

the privilege, if guests be few, of inviting any of the brethren he

chooses, so long as some seniors are left in charge. Chapter Ivii.

prescribes that craftsmen .amongst the brethren are to work with the

abbot's permission, and if their work is to be for sale, those who are

entrusted with making the bargains are to deal honestly with pur-

chasers, and to sell rather below the current trade price. Chapter

Iviii. lays down the rules for the admission of new members. It is

not to be made too easy. The postulant is to be allowed to knock
for entrance in vain for four or five days, then to be biought into

the guest-room for a few days more, and so be transferred to the

novice-house, where he is to remain under the charge of a senior

monk for two months. If he persevere at the end of this time, the

rule is to be read over to him, and the option of departing or remain-

ing is to be offered. If he persevere, he is returned to the novice-

house for six months' further probation, after which the rule is again

read to him as' before, and yet a third time after a further term of

four months Not tiU he has surmounted this final ordeal can he

be admitted into the community, and before that is done he must
divest himself of his property, either giving it to the poor, or mak-
ing a deed of gift to tue monastery. 'Then he is allowed to sign the

act of profession, including the vow of stability, which he is to lay

with his own hand on the altar. Chapter lix. provides for the

dedication of young children, noble or poor, by their parents to the

monastic life, and requires a promise from the latter never to endow
the oblate with any property, directly or in trust, though they

may give to the monastery if they please and reserve the life-income

to themselves. Chapter Ix. regulates the position of priests who
desire to live in the monastery. They are to enjoy no relaxations

Of priority in virtue of their ecclesiastical rank, though the abbot

may assign clerical functions to them ; and a somewhat like rule is

laid down for clerks in minor orders. Chapter Ixi. provides for the

reception of strange monks as guests, and for their admission if desir-

ing to join the community. The abbot is enjoined to listen to any
criticisms such a guest may r ""er, and is empowered to give him, if

accepted as a new member, higher standing than that of his entrance,

bat is forbidden so to admit a monk of any known monastery with-

out the consent or letters commendatory of its abbot. Chapter Ixii.

rules that the abbot may choose a monk for ordination as priest or

deacon ; but the ordinee is to rank in the house from the date of his

admission, except when officiating, or if the community and the

abbot single him out for promotion by merit. If he misbehave, he
is tp be reported to the bishop, and if continuing to misconduct
himself, shall be expelled,— only, however, in case of obstinate dis-

obedience to the rule. Chapter Ixiii. lays down rules for the gradation

of rank in the community, and warns the abbot agaiiist arbitrary

government. Chapter Ixiv. allows the abbot to be chosen either by
the common consent of the whole community, or by a select electoral

committee ; and the lowest in standing may be chosen, if fit. In
the event of a bad choice, the bishop of the diocese, the neighbour-
ing abbots, or even the neighbouring laity, if having reason to think
the election made for the purpose of keeping up abuses, may annul
it and appoint another superior. Chapter Ixv. speaks of the mis-
chief occasioned in many monasteries by the rivalry of the provost

or prior with the abbot, and advises that no such officer be appointed
;

yet, if the circumstances of the place need one, the abbot may name
a brother to the post, but he is to be as entirely subject to the abbot
,»s any other monk, and may be admonished, deposed, or expelled

for misconduct. Chapter IxW. directs the appointment of a porter

to answer at the gate, and further recommends that every house
shall have its own well, mill, garden, bakery, and handicraftsmen,

to avoid the need ofintercourse with the outer world. Chapter Ixvii.

directs that no monk shall quit ,the cloister without leave of the

abbot, and that, on the return of any from a journey, they are to beg
the prayers of the community for any faults they have committed
during their absence, and are forbidden to speak of what they have
heard or seen outside. Chapter Ixviii. bids a monk who has received

a hard or impossible command to undertake it patiently and obedi-

ently. If he find it beyond his powers, he may mention the cause

quietly to his superior ; and, if the command is still persisted in, he
must obey as best he can. Chapter Ixix. forbids monks to uphold
or defend one another in the monastery, even their nearest of kin.

Chapter Ixx. forbids striking or excommunicating another, without
the abbot's authority, and provides that children until fifteen, shall

be subject to discipline from all the monks ; but any who shall

chastise those above fifteen witliout the abbot's leave, oi be unduly
severe towards the younger, shall be himself punishable by rule.

Chapter IxxL lays down that the principle of obedience is to prevail

throughout the community, not only towards the abbot, or hi3

officers, but from the juniors towards their seniors. Chapter Ixxii.

is a brief exhortation to zeal ; and chapter Ixxiii. a note to the efl'ect

that the Benedictine rule is not offered as an ideal of perfection, or

even as equal to the teachings of Cassian and Basil, but for mere be-

ginners in the spiritual life, who may thence proceed further.

It has been neces-sary to make this detailed analysis of

the rule, because no mere summary of its general scope

conveys an adequate notion of it ; and it plays so imports

ant a part in the history of European civilization that it

is expedient to obtain a clear idea of its details as well as

of its main outlines. The first peculiarity in it meriting

attention is the absence of any severe austerities. Plain

and bare as the food and lodging appear if tested by
modern notions, yet it is to be remembered that what is

called " comfort " is a wholly recent idea, and even still

scarcely familiar, it may almost be said, out of Great

Britain and its colonies. The scale of living appointed by

the rule secures a greater abundance of the necessaries of

life, not only than was at all common amongst the Italian

poor of the 6th century, but than is to be found amongst
the humbler peasantry of any European country at the

piesent day ; while even the excluded superfluities entered

but little into the habits of any save the very wealtl y.

Noxt, high thinking—the highest thought of the time—

•

was united with this plain living, as the considerable stress

laid upon reading attests. To this part of the code is due
the great service performed by the Benedictines, both in

the erection of schools, and in the preservation of almost

all the remains of ancient Latin literature which have

come down to us. It made it not only possible but easy

for them to become a learned order, and it is a very

imperfect estimate of the stride forward in this provision

which Milinan ma^s, when he views the injunctions as to

reading in the mere light of expedients to fill up time

somehow. If it were so, the hours for reading would
have been fewer, shorter, and more occasional, merely

rounding off the intervals between times of labour ; but they

are just as prominent and nearly as long as these. It is

true that Benedict, whose own education had been abruptly

broken off by his early retreat from Rome, did not speci-

fically enjoin the pursuit of learning on his monks; but

they borrowed the idea at once from his contemporary,

the celebrated Cassiodorus, the real founder of monastic

learning, of which his monastery of Viviers in Bruttium

is the first known school. But the most valuable feature

of the rule is -the position of dignity which it assigns to

work. It is scarcely possible to realize at the present day
the dishonour into which toil of aU kinds had sunk in the

days of Benedict. Not only had the institution of slavery

degraded many kinds of occupation, but the gradual

disappearance from Italy of the yeoman class, ruined and
exiled by the concentration of great estates {ladfundia),

or slain in the ceaseless battles of competitors for empire

or of barbarian invaders, left few save serfs and bondsmen
to till the soil, while the military habits of the invading

tribes led them to contemn any life except that of a

warrior. It is the special glory of Benedict that he
taught the men of his day that work, sanctified by prayer,

is the best thing which man can do, and the lesson has
never been wholly lost sight of since.

The new institute spread with even more astonishing

rapidity than the earlier monachism which it practically

supplanted in the West, and its history thenceforward is,

with one important exception, that of Western conventual
life for some centuries. Moreover, besides marking the
close of the first or tentative era of monachism, v'hen all

kinds of crude essays and experiments were bein? made,
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and being itself the beginning of a new and settled jrder,

it Las the distinction of giving greater dignity and .veigbt

to the female side of monachism than had been the rule

previously. Numerous and crowded as convents for

women were in the early church, there is little evidence

of their exercising any powerful influence as a factor in

the practical religious life of the time, and though a few

individual women of eminence, a Euphrosyne or a Macrina,

illustrate the annals of the common life in the East, yet

as a class the Basilian niins do not play at all so important

a part in ecclesiastical history as the spiritual descendants

of Scholastica, sister of Benedict; for the same flexibility

and comparative gentleness of his rule which made it

healthier for men than its precursors were still more

effective when dealing with the more sensitive organization

of women. Accordingly, the Benedictine nuns offer a

far greater variety of type than their Eastern sisters, and

exerted a much more visible influence upon society, even

before those newer forms of the organization of women's

work in the church were devised which have given it

much additional importance. Further, whereas the most

serious and well-founded objection alleged against mona-

chism is that by parting large companies of men and

women irrevocably from each other, and treating this

severance as an indispensable condition of the highest kind

of life, it has tended to throw discredit on marriage and

the family, and so to weaken society, which is based on

family life alone, a strong counter-plea can bo put in for

the Benedictines. Not merely are they free, as already

remarked, from the anti-social tendencies of Oriental

monachism, which actually did disintegrate society in

Egypt, but their institute was the one corrective in the

early Middle Ages of those habits and ideas which tended

to degrade the position of women. The cloister was not

alone the single secure shelter for women who had no
strong arm to rely on j but it provided the only alternative

profession to marriage, and that one recognized by public

opinion as of even higher distinction, and opening to

women positions of substantial rank and authority, less

precarious than the possession of' temporal estates, which
might only serve to attract cupidity, and so invite attack.

The abbess of a great Benedictine house was more than

the equal of the wife of any save a very great noble ; and,

as single women were thus not obliged to look to wedlock

as the only path to safety and consequence, they were

enabled to mate on more equal terms, and were less likely

to be viewed as the mere toys or servants of the stronger

sex.

But the special eminence of the Benedictines, in which
they were without even the semblance of rivalry till the

Jesuits arose, is that they were a missionary, civilizing, and
educational body. It is true that the first successful efforts

to convert the barbarian conquerors of the empire somewhat
precede their entrance on that field of labour, and Ulfila

amongst the Moeso-Goths, Valentinus in Bavaria, and Sever-

inus in Austria had achieved much even before Benedict

was born ; but their work needed to be taken up on a larger

scale, and by a permanent organization not liable to be

imperilled by the death of any one missionary or group of

missionaries. And the task of laying the very foundations

of civilized society, apart from the question of religious

conversion, was as yet quite unessayed. It was as teachers

of what for those times was scientific agriculture, as

drainers of fens and morasses, as clearers of forests, as

makers of roads, as tillers of the reclainJed soil, as archi-

tects of durable and even stately buildings, as exhibiting

a visible type of orderly government, as establishing the

superiority of peace over war as the normal condition of

life, as students in the library which the rule set up in

every monastery, as the masters in schools open not

merely to their own postulants but to^ the children of

secular families also, that they wen their high place in

history as benefactors of mankind. No doubt there was
another side to this picture, even before the order began

to deteriorate collectively ; but the good actually effected

far exceeded the evils which may have accompanied

it. The Benedictine institute was carried to Sicily by

Placidus in 534 ; to France by Maurus, Simpliciu.s,

and their companions in 543 ; to Spain at a somewhat

later and uncertain date ; but did not touch any of tho

Teutonic countries till the very end of the century. That

work was chiefly accomplished by another agency, that of

the Celtic monks, themselves disciples of a Christianity

presumably carried to Ireland from Gaul, and following

a rule seemingly adapted from that of Pachomius. The
early history and constitution of Irish and Scottish

monachism are too obscure to be set do^^n with any con-

fidence, but it is at least clear that it was mainly tribal

in organization, and even less subject to episcopal authority

than the Eastern and Italian forms. The same holds gopd

of the Welsh communities which survived the Saxon
invasions of Britain. Legend is abundant, trustworthy

record is scanty, and only a few facts can be rescued from

oblivion. Amongst them may be included the introduc-

tion into Scotland of a s]iecies of monachism resembling

that of Augustine, by Ninian, first missionary of the

southern Picts, who borrowed his institute from Martin

of Tours, and set up a cathedral, a house of canons, and

a school of learning at Wliithorn {Candida Casa) in

Galloway before the close of the 4th century, himself

dying, it is thought, about 432 (^Elred, Vit. Nin.). The
foundation of the second model of Welsh monachism
(the first has gone below the horizon of history) is

ascribed to the bishops Germanus of Auxerre and Lupus
of Troyes, who visited Britain in 429 to combat the

prevalent Pelagianism, itself a form of opinion. due to a

British monk. They are alleged to have been, directly or

through their disciples, founders of great monasteries and
schools at Hentland on the Wye, at Llantwit, Llancarvan,

Docwinni, Bangor, Whitland, kc. ; while among the more
famous names connected with these and similar houses

may be mentioned Asaph, David, Illtut, Dubric, Cadoc,

Gildas the Wise, and Kentigern, the last-named being a

zealous missionary. But Ireland was the true stronghold

of Celtic monachism, and before the close of the 5th

century was already thickly planted with religious houses.

Armagh, Clonard, Aran, Lismore, Cluain-ednech, Clonfert,

and, above all, Benchor or Bangor, the famous abbey of

Comgall, on the coast of Down, near the entrance of

Belfast Lough, are some of the more conspicuous founda-

tions ; and there are numberless stories recorded of the

learning, the austerities, and the miracles of their inmates.

The chief interest they have for the student of ecclesiastical

history lies rather, however, in the colonies they sent forth

than in their home operations, and it is to tho great

foundation of Columba (521-597) at lona, the hiv-e of

missions and home of Western learning, more than
to any Irish monastery, except Bangor, that the Celtic

raid on heathenism is mainly due. The rule of Columba

'

resembles the Benedictine in prescribing three kinds of

employment—prayer, work, and reading ; while under the
last-named head not only Scripture but all attainable

secular learning was included, and it is al.so certain that the
work of copying MSS. in a careful and beautiful fashion,

which became so important a part of monastic occupation,

reached maturity first at lona. It remains only to say in

this connexion that the discipline of lona, apparently
borrowed from Irish use, made the abbot su]ireme, not

' Publislied by Dean Ticevcs in C'oUon's VisHalinn of Dcrry, p. 109,
and in anotlier form by H.iddnn ami Stubbs, Councils, 4;c.,ii, p. 119.
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merely over his monks, as in other rules, but over bishops

also, whose office vas simply that of ordaining such as

were to be promoted to holy orders ;
i they had nc

territorial jurisdiction as rulers, because the monastery,

not the diocese, was the primary local unit in Celtic Chris-

tianity, and thus a great founder or abbot was of more
account and power than a bishop. Another famous pupil

of Irish monachism, Columbanus, trained at Benchor along

with his companion Callus, exercised a powerful influence

on the religious life of his time (543-615), not only

as the foimder of important monasteries at Luxeuil,

Fontenay, and Bobbio, and as scholar and missionary, but

also as the author of a rule, more- severe both in its pro-

visions and in its penalties than the Benedictine, with

which it disputed for a considerable time the first place,

and which it might very probably have displaced, had not

the Benedictine institute, as of Italian origin, found that

favour at Kome which a Celtic code, bearing more than

one trace of divergence from Latin usages, could scarcely

expect. With the mention of another prominent name in

the Lst of distinguished Celtic reformers and mission-

aries, that of Fursey, abbot of Lagny near Paris (c 650),

we close this sketch of the Celtic movement in the 6th

and 7th centuries, merely adding that its extent and
influence may be partly estimated from the number of

monasteries founded in England and various parts of the

Continent by Irish monks, and the list of Celtic saints

recoverable from the difierent martyrologies and similar

records. The former amount to more than one himdred

;

the latter to nearly three hundred.

Eeturning to the Benedictines, the most important event
in their history aftei the consolidation of their institute

was the favour they received from Gregory the Great,

himself once a monk, who set himself to reform monastic
discipline, then at a very low ebb save where the new
foimdation was at work. He enacted several regulations

for the better government of monasteries, such as pro-

hibiting the admission of any persons under eighteen,

exacting two years' novitiate, enforcing inclosure, visiting

relinquishment of monachism with imprisonment for Life,

and fin?lly, in the Lateran synod of 601, exempting
monasteiies in all cases from the jurisdiction of bishops (a

measure due, it appears, to episcopal misconduct and
oppression rather than to monastic ambition), thereby

abolishiUh^ tre measure of control which the eighth canon

of Chalc.1 1 : an ) the legislation of Justinian I. in 535
had left !( the ha'nds of the diocesan, and leaving only

the still surviving check, that the bishop's consent was
required tnr the erection of any new monastery. The
mission oi the monk Augustine to England in 596 was,

however, destined to produce more immediate and for-

tunate results than this piece of legislation. It brought
Latin monachism into a part of Britain whence Welsh
monachism had been long extirpated, and though little

success attended the original foundation at Canterbury,

yet two other houses were destined to be the cradles of

great things. Jarrow-on-Tyne, founded by Benedict Biscop,

trained the illustrious Bede, to whom is due the monastic

school of York, which in its turn sent cut Alcuin to recon-

stitute European learning under the fostering hand of

Charlemagne; Nutcell in Hampshire reared Boniface to be

the apostle of Germany, and founder of one of the most
celebrated and powerful monasteries of the Middle Ages,

that of Fulda. Nevertheless, decline set in very soon,

' So Bede telU us: '* Habere autem solet ipsa insvia rectorem

semper abbatein presbytenira, cujus juri et omnis provincia et ipsi

etiam episcopi, online inusitato, debeant esse subjecti, juita exemplum
primi doctoris illlos, qui non episcopus sed presbyter extitit et mona-
chns " {Hist. Eccl., iii. 4) J though, after all, the principle is precisely

that of the Benedictine rule as ai)plied to priests.

and the Sth century was a time of deterioration amongst
both the seculars and the regulars. To amend the former,

Chrodegang, bishop of Metz, instituted in 760 an order

of Canons Regular, living by a rule carefully based on and
adapted fronL the Benedictine, with the bishop as abbot,

the archdeacon as prior, and with a general Likeness in all

the details of community life, except that there was no
obligation to poverty, and the canons were allowed to

enjoy any private property and such fees as they might
receive for the performance of rehgious rites. This ride

became extremely popular, was sanctioned by the coun-

cil of Aix-la-Chapelle in 816, and was adopted in most
cathedrals of France, Germany, and Italy within fifty

years after, besides making some way in England also.

It prevailed till the institute of the Austin Canons was
substituted for it. And, as regards the laxity amongst
regulars at this time, there is extant a very interesting

letter from Bede addressed to Ecgberht, archbishop of

York, calling his attention to the excessive number of

monasteries in northern England which were conducted
without a rule, and were often merely fictitious institutions,

founded by laymen with the object of obtaining charters

of privilege which would exempt them from civil and
military burdens,—such laymen then assuming, without
warrant, the title and powers of abbots, and filling their

houses either with monks expeUed from their own societies,

or with lay retainers induced to receive the tonsure and
promise obedience. Bede calls on the archbishop to con-

vene a synod and institute a visitation for the correctiou

of these abuses. The cause of the decLine of the monasteries

is to be sought in their popularity, which brought them
great estates and other kinds of wealth,, leading to the

relaxation of the vow of poverty, which was interpreted

as merely forbidding individual property ; in the growth
of pluralities ; and in yet another cause which at first does
not seem to lead in the same direction^the growing
custom of ordaining monks, hitherto laymen, to fit them
better for missionary work. But this led, not only to

much more intercourse with the society of a' lax and
turbulent age than suited with claustral rules, but to
ambition, as it became customary to fill several sees with
monks from certain abbeys. The declension, notably in

the habits of the superiors of wealthy houses, had become
very marked, when a reformer arose in the person of a
second Benedict, of Aniane in the modern department of

the Herault (750-821), who, in gratitude for an escape
from drowning in the Ticino in 774, adopted the mon-
astic life, and changed his name Witiza to that of the
great Nursian monk But he accounted the Benedictine
rule too easy, and adopted instead the severest practices

of Eastern monachism. He quitted the house of Seine,

where he had been professed, and betook himself with a
couple of companions to Aniane, where by 782 he had
built a monastery for a thousand monks, with depend-
ent cells, and collected a considerable library, paying
special attention to the acquisition of the rules of the
different monastic bodies both of East and West. He was
transferred by his warm patron, the emperor Louis the
Pious, to an abbey built for him near Aix-la-Chapelle,

whence he acted as in some sense a superior-general and
inspector of all the Benedictine houses, and drew up a
harmony of all the rules he had collected to aid him in

the task of reform. What he actually efl'ected was the
practical alx)lition of most of the competing codes, so as
to leave the Benedictine in nearly sole possession, and to

procure the enactment of a large body of canons in the

council of Aix-la-Chapelle before mentioned, which laid

down detailed provisions for the government of monasteries,

whose very minuteness made them vexatious and ulti-

mately intolerable, so that the reform lasted scarcely two
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generations from its inception. Parallel -with the time of de-

clension and partial reform just described was the rise and

decay of the noble and far-sighted school-system projected

by Charlemagne, and entrusted to the superintendence

of Alcuin. Its relation to monachism as distinguished

from the history of education, is that one of its main

features was the capitulary of 7S9, which directed that,

besides the primary school attached to each monastery,

all the more important ho''-es were to found and open

secondary ones also, with a higher range of subjects, even

if such schools were interior or claustral, and only for

the junior monks and novices, not exterior and free to the

general public. Several of these schools rose to consider-

able efficiency and repute, notably those of Fulda, St Gall,

Tours, and Rheims, discharging to some extent the

functions of universities. But the weakness of the later

Carolings involved this plan in the troubles which ended

in the break-up of the empire of the Franks, and the 10th

century saw the end of it. In England monachism shared

the common destiny of decay. It had been marked during

the period knoivn as the Heptarchy by a degree of royal

favour unparalleled elsewhere ; for it may almost be said

that the number of kings, queens, and persons of royal

race who here betook themselves voluntarily to the cloister

—and not under political compulsion, as often in con-

temporary France—exceeds the aggregate of those in all

other countries. Yet it is likely that the fashion set in

this wise helped to fasten decay, by in'ducing many persons

to adopt the monastic life with little taste for its restric-

tions ; and it is certain that secularity (chiefly manifesting

itself in costly dress), riotousness, and drinking had become

frequent amongst the English monks of the 8th and the

early part of the 9 th century. The decay was further

precipitated by the spread of the institute of Chrodegang,

which thinned the supply of recruits to monachism proper,

as the easier life of canons regular was preferred. The

same cause affected the convents of nuns, for an order of

canonesses was established about this time on similar lines.

The one bright spot in the history of 9 th century mona-

ctism is the conversion of Sweden by Anskar, a monk
trained in the famous house of Old Corbie in Picardy,

which, albeit Benedictine, had been mainly planted by a

colony from the stricter Columbanian house of Luxeuil,

and had thus kept the traditions of a purer time almost

unimpaired.

The 10th century—emphatically the "Dark Age" or

"Age of Lead"—was the time when monachism, both in

East and West, touched its lowest point. Three causes

contributed to this in the West :—first may be placed the

raids of the Northmen ; next, the growth of the feudal

system, converting abbots into secular lords in virtue of

the lands held by their monasteries being chargeable with

feudal obligations ; and lastly, the seizure and impropria-

tion of monastic revenues by kings, princes, and bishops.

The last of these causes was at work in the East also,

further complicated, as we learn from the decrees of a

council held at Constantinople in 861, by the founda-

tion of monasteries intended from the first merely as

sources of pecuniary advantage to the founders; although

the success of Greek monks in the conversion of Bul-

garia, Moravia, and, somewhat later, • southern Russia,

showed that the cloister had not become quite efl'ete

even under the conditions of the Byzantine emoire in

that era

What the state of things was in the West, even at the

outset of the 10th century, may be learned from the

language of the council of Trosley, near Soissons, in

909*. It speaks of the ruin of many abbeys by the

heathen, and of the disorderly condition of many which

survived. Monks abandon their profession
;
married lay

abbots, with guards and hunting retinue, occupy the

cloisters of monks, canons, and nims ; and the rules are

univErsally disregarded. But, as constantly before, so

thien, reformers were at hand. Berno first abbot of Cluny

in France, Dunstan in England, and, somewhat later,

Anno archbishop of Cologne in Germany, undertook,

and to a considerable f>:tent effected, the work of reform.

Only the first of these, however, calls for special notice

here ; and it will suffice to say that Berno, after having

been abbot of Beaume, was set by William the Pious,

duke of Aquitaine, over his new foundation of Cluny in

910, where he speedily initiated a reform of the Bene-

dictine rule, whose very name, and even the memory
of the reforms of Benedict of Aniane, had been forgotten

in nearly all the su-called religious houses of the time.

This new rule is the first example of the establishment of

an order within an already existing order, of which it still

formed part, many subsequent instances of which occur

later. It was stricter than the original code in several

particulars, notably as regards fasting and silence ; and it

laid especial stress on liturgical splendour. Cluny became
the head of a large number of dependent houses, and,

under the government of Berno's successors, Odo, Aymard,
JIajolus (who refused the papacy), Odilo, and Hugh I.,

rose to great eminence, but was nearly brought to ruin

by Pontius, abbot in 1109, who was soon deposed, and
succeeded by Hugh, II., and then by Peter the Venerable,

who completed the work of drafting the statutes of the

new order, begun long before, but not finished, by his pre-

decessors. In his time (1093-1156) the Cluniacs spread

over not only the whole of France, but had houses in

Italy, Spain, England, Palestine, and in Constantinople

itself, and the " Arch-Abbot," as he was called, had more
than 300 churches, colleges, and monasteries under his

authority. It is enough to say, with regard to Dunstan's

reforms in England, that they were directed to two objects:

the substitution of monks for secular canons, and the

introduction of the Benedictine rule, till then practically

unknown in England, into the monasteries,—for the mona-
chism introduced by Augustine belonged to an earlier

type.

The 11th century is noticeable for several events in the

history of monachism ; first of which stands the foundation

of the Order of Camaldoli by Romuald, early in the 1 1 th

century, a strict community of hermits, living by the

system of an Eastern laura of detached cells; but this

society has never been of much importance. The Order
of Vallombrosa, founded by John Gualbert in 1039, is

more remarkable, as being the first to introduce the

grade of " ky-brothers," which plays so large a part in

later monastic annals,—the object being at once to open
tl)o cloister to a class previously barred by the obligation

to recite the office in choir, which necessitated a certain

degree of education, and to lighten the strain on the

choir-brethren by relegating the rough work of the monas-
tery to an inferior grade of inmates, thus securing more
time for reading and meditation for the cultured monks.
A series of struggles between bishops and abbots in this

century in respect of monastic jurisdiction—the practice

having constantly vacillated in de.spite of Gregory the

Great's decision 400 years earlier—issued mainly, though
not wholly, in favour of exemption, and the reforms pushed
everywhere rehabilitated monachism in popularity. The
gi-eat stimulus given to the spirit of ecclesiastical dis-

cipline and energy by the Hildebrandine movement con-

tinued not only during the reign of Gregory VII., but for

a considerable time after : amongst its results were the

Order of Grammont, founded in 1074, but not transferred

to the place whence it is named till 1124; the far more
celebrated and influential Carthusians,, a peculiarly ascetic
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community, established by Bruno at the Chartreuse, near

Grenoble, in 1084, which still boasts that it is the only

order which has never been reformed on the ground of

deviation from its original institute : and the Order of

Fontevraud, founded for both monks and nuns (more

strictly, canons and canonesses) by Robert of Arbrissel in

1100. Regarding the last named two remarkable facts

may be cited : that the founder in 1115 entrusted the

superior-generalship of the whole institute to the abbess

of the nuns ; and that he provided that new abbesses

sho'uld always be elected from secular women, as having

more practical knowledge of affairs and capacity for ad-

ministration than women trained in a cloister. There is

yet one order more belonging to this period of new
foundations, of higher note than most—that of the Cister-

cians, foxmded by Robert of Molesme in 1098 at Citeaux,

near Dijon. This society, chiefly famous as that to which

Bernard of Clairvaux belonged, carried its asceticism into

a region whence the other monastic bodies had banished

it, that of Divine service. The barest simplicity in build-

ings, church furniture, and worship was enjoined by the

rule : plain linen or fustian vestments, iron chandeliers,

brass or iron censers, no plate save a chalice and a tube

(and those of silver rather than of gold), no pictures, stained

glass, or images, and only a few crosses of painted wood,

and the most rigid simplicity in chanting,—such was the

ceremonial code with which they challenged the costly ritual

of Cluny. A more durable innovation was the institution

of " General Chapters," to which every abbot of a Cistercian

house had a right to be summoned to share in the delibera-

tions held at the chief establishment, and which he was
even bound to attend, that, while each dependent house

thus obtained a representation in the parliament of the

order, it could be called on to render to the central authority

an account of its own doings. The Austin Canons, already

mentioned, were probably founded at Avignon about 1061,

and the Order of Pr^montre by Norbert in 1120. This

society was simply a stricter body of Austin Canons, stand-

ing towards them much as Cluny did to the Benedictines.

But there are yet two other institutes of this active period

which differ from all previous foundations. So far, the new
orders are merely modifications, more or less sweeping, of

the original Egj'ptian system, but the crusades gave birth to

two entirely unprecedented forms of monachism :—the Mili-

tary Orders, of which the most celebrated are the Templars,

the Hospitallers, and the Teutonic Knights ; and convents

of women, affiliated to these orders, who were appointed to

serve in the lazar-houses, hospitals, and similar institutions

attached to them, and whose rule, for the first time in

monastic history, was drawn up on a distinctly active and

not a contemplative basis. Work of the sort had been done

long before, but only as a casual accident, not as the primary

object of a community.

The military orders arose in a inore accidental lashion

<han any other variety of monachism, being due to tbi-

desire felt to lessen the perils which attended pilgrimage

to Jerusalem, then almost as much part of the religious

craving of Christendom as the hajj to Mecca is with devout

Moslems. The Templars were at first designed only as an

armed escort to protect the visitors from attack, and the

idea of permanent guardianship of the Holy Places did rot

shape itself till later; wliil^ the Hospitallers (afterwards

famous as Knights of Rhodes and of Malta, as the main

bulwark of Christendom against the Turks, and as main-

taining the police of the Mediterranean against all pirates

and rovers), borrowed the first idea of their institute from

the knightly order of St Anthony of Vienne, founded in

Da,uphin6 about 1095, and devoted themselves originally to

tending- sick pilgrims at Jerusalem. The Teutonic Knights

(late from the third crusade, and owe their foundation • to

the sufferings of the duke of Swabia's army at the siege

of Acre, as it would seem that the Hospitallers were either

unable or unwilling to supply the needed assistance. These
knights, when at last the Eastern crusades were abandoned,
turned their arms against the heathen of Prussia, which
they conquered, as also Livonia, Courland, and Pomerania,
besides keeping the Slavonic enemies of Germany in check
by frequent raids into Lithuania and Poland, holding their

ground as a sovereign order for three centuries, till the
Reformation brought about their fall. The common char-

acteristic of all these orders was the union of the seemingly
incompatible qualities of the monk and the soldier in the

same persons, of the convent and the barrack in the same
house. But the contrast was uot so sharp to medijeval

eyes as it would be to modern ones ; for while knighthood
was surrounded with religious ceremonies and sanctions on
the one hand, and on the other the feudal rank of bishops

and abbots made them in some sense military chiefs, occa-

sionally even taking the field in person, there was no great

difficulty in accepting the permanent combination of what
was often found casually united. The military ofders passed
away when their work was ended : the Templars, as the

victims of a great crime, closed by a ghastly tragedy ; the
Hospitallers, and those Spanish and Portuguese orders which
were enrolled as regiments against the Arab invaders of the

Peninsula, though titularly still existing, yet really ceased

to be more than a name when the Moslem power in Europe
was finally broken. But the active organization of women
was a more fruitful germ, and has never since ceased to

put forth new developments, varying with the noticed wants
of each period. To this epoch belongs also the beginning
of that policy of the Roman see of utilizing the monastic

orders, won over by special privileges and exemptions, as a

body of supporters—almost a militia—more to be relied on
than the secular clergy, and thereby the seed of conflict

between seculars and regulars, destined to work much evil

later, was sown, and also the beginning made of that dena-

tionalization of monachism which tended from the first to

its unpopularity and decay.

It was found that a new order was the best safety-valve

for enthusiasm wliich might become dangerous if dis-

couraged, but which could be made a valuable ally if

allowed to take shape in a fresh society, hoping to surpass

all its precursors ; and it is worth remarking that the one

occasion when this wise policy was departed from, when
Peter Waldo vainly sought in 1 179 recognition and sanction

from Pope Alexander III. for his proposed institute of

mission preachers, gav'e rise to a sect (the Waldenses)
which is still existing, and which has given trouble to the

Roman Church quite disproportionate to its numbers and
influence. The Carmelites, founded by Berthold of Calabria

on Mount Carmel about 1180, and incorporated under rule

by Albert, Latin patriarch of Jerusalem in 1209, were the

last order of importance which sprang up at this time; for

the Gilbertines, an English order founded at Sempringham
in Lincolnshire in 1148, curious chiefly for their double

monasteries for men and women; the Beguines, c. 1170
(who are, however, notable for their semi-secular and

parochial organization, whence many later active bodies

have borrowed hints); the HumLliati, c. 1196; and the

Trinitarians, for the ransom of captives amongst the Moors
and Saracens, founded by John de Matha and Felix de

Valois in 1197, never rose to great influence or popularity,

though the Servites, an order of the year 1223, became
powerful in Italy. This period of rapid multiplication

was quickly followed by one of equally rapid decay,

the first to show clear tokens of degeneracy being the once

rigid Cistercians, who never recovered their old moral foot-

ing, and who, it may be mentioned, were accountable for

much of that hatred of the Church of the Pale in Ireland
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by the natives, Tvliich, given fresh fuel by the Reformation,

has lasted to the present day.'

Yet another fresh departure in the history ot monachism,

in some respects the most momentous of all, was taken in

the 13th century by the institution of the Mendicant Orders,

or Friars. Pope Innocent III, in the 13th of the 70

constitutions or canons he promulgated at the Lateran

council in 1215, had expressly forbidden the foundation

of any new orders, bidding all who desired to embrace

the monastic life -join some approved community, and

similarly directing that such as desired to found new

houses should take their rule and constitution from one of

the recognized societies. But circumstances were too strong

for him, and this very pope was destined himself to sanction

two of the most remarkable societies which the Latin

Church has ever produced. The time was an anxious one.

The speculative activity of the age, coupled with the abuses

in the church, was multiplying sects, formidable in numbers,

and still more from the contrast their austere mode of life

presented, not only to that of the secular society of the day,

but to that of the ecclesiastics, notably those of rank,

whose pomp and luxury gave rise to the first faint stirrings

of a revolutionary spirit amongst the commons, which the

great pope, who was then the most conspicuous figure in

Europe, did not fail to observe. No efi'ectual weapon of

resistance seemed at hand ; the parochial clergy, yielding

to the difficulties which an isolated rural life throws in the

way of intellectual efi'ort (far graver then than even now),

had almost everywhere sunk into sloth and incapacity ; the

monastic orders were content, in the better instances, with

maintaining their own internal discipline, and had no surplus

energy for external work, while in the worse examples (as

in that of the Cistercians, just referred to) they served

rather as beacons of warning than as patterns for imitation
;

and, in short, there was an ever-increasing mass of home

mission work to be done, and no one to do it

But the two men who were to do it were already at

hand in the persons of Francis Bernardone of Assisi and

Dominic Guzman of Osma. The ruling idea in the mind

of the former was the elevation of poverty to the first

place amongst Christian graces, as the most obvious way

of conforming the life of a Christian to that of the founder

of his faith ; the more intellectual Spaniard dreamed of

an aggressive body of skilfully-trained preachers, able at

'once to grapple with the subtle dialectic of the enemies of

the established creed, and to appeal in clear and homely

language to the uneducated, amongst whom the Albigenses

and other sectaries were making considerable conquests.

Francis, the poet and devotee, in renouncing even the

scantiest provision which the strictest orders of his time

secured for their members, and bidding his followers to

live on alms daily begged, taking, in the most literal sense,

' There is a very curious letter from Arnulf, bishop of Lisieux, to

Pope Alexander in. (Ij 59-1181), asking him to dissolve the Benedictine

abbey of Grestain ia that diocese, and to draft its inmates into other

>iOuses, which illustrates both the kind of abuses which were sometimes

found and the desire of the authorities to suppress them. He charges

the monks with lack of charity and hospitality, in that they reserved

even the broken scraps from the common table as perquisites for their

private friends ; that they habitually quarrelled, and w-ounded one

eaother with their knives, being preveTited from homicide only by the

knife-blades having no point ; that one monk had actually murdered

the cook, who had complained of his visits to the cook's wife ; that the

abbot did not provide for tlie daily wants of the community, but allowed

the monks to roam abroad, picking up food for themselves as best they

mi"ht ; that some of them had caused the death of a sick woman by

plunging her into ice-cold water under pretext of working a miraculous

cure • tliat the abbot was frequently absent on pretence of business,

but really living a loose life ; that he had been thus two years in

England, till recalled by the bishop, who was forced to send him away

again, after appointing a deputy ; that this deputy, when drunk, had

•wounded two of tlie monks, who thereupon munlered him ; so that the

house was practically past reformation, and ought to be dissolved.

no thought lor the morrow, appealed to the popular

imagination, always ready to kindle at the sight of genuine

self-sacrifice ; Dominic, with not less insight as a thinker

whose first care was for doctrinal orthodoxy, as that of

Francis was for personal piety, saw that there was a

demand ready to spring up for more exact and intelligent

religious teaching than could then be had, save in a few

great cities. The occasion which urged him to the task

he undertook is noteworthy. He had long been a canon

of Osma, the strictest and sternest member of an ascetic

community, when in 1203 he had to go on a-journey with

his bishop, which brought them into the very midst of the

Albigenses in the county of Toulouse, where they saw how
jiowerless the clergy were to contend against their rivals.

On their road home the bishop and Dominic met the

three papal legates returning discomfited from Languedoc,

but attended with as much pomp as a triumphal progress

would have justified. Dominic rebuked them sternly, tell-

ing them that it was not by splendid retinues and costly

garb that the heretics won their converts, but by zealous

preaching, by humility, by austerity, and by at least

seeming holiness. Both the new founders sought and

obtained at Eome, after some difficulty, the approval of

their new institutes, and that in the very year 1215 which

had seen the formal prohibition of all fresh orders.

Francis speedily returned to his home, but Dominic, whose

idea had by this time expanded from that of converting

merely the Albigenses of Provence and Languedoc to that

of influencing the whole world of nominal Christians and

outer heathen, settled himself in Kome, where the pope

appointed him to the important office of Master of the

Sacred Palace, which has ever since been held by a

Dominican, and carries with it the authority of chief

censorship of the press. The two new foundations

borrowed from each other, Francis copying Dominic's

scheme of itinerant preachers, and Dominic imposing on

his disciples the mendicant poverty of Assisi. These two
particulars, the total absence— at any rate at first—of such

endovnnents as had proved a snare to the older societies,

and the substitution of itinerancy for inclosure, are the

features which distinguish the friars from the monks who
preceded them. The Franciscan institute was' a bold

attempt to democratize the church ; Dominic's Friar

Preachers, though recruited freely from men of a humble
grade, have always had somewhat more of an aristocratic

tone about them, due to their intellectual calling ; they

have held a high place in Christian art, counting amongst
them such names as Fra Angelico and Baccio della Porta

;

and their reputation for orthodoxy and for a purer type

of moral theology than the Jesuit one has always stood

high. They also count amongst their members the two
most eminent divines of the Middle Ages, Albertus

Magnus and Thomas Aquinas, and they have been fruitful

in producing zealous missionaries ; but the one great blot

on their career is that they have been the directors and
officials of the Inquisition ever since the formal constitu-

tion of that tribunal as a permanent organization. The
Franciscans, less distinguished for mental triumphs than
their competitors, have yet some famous names, chief of

which are Duns Scotus and Roger Bacon-—for Bonaven-
tura, though set by the Franciscans as the " Seraphic

Doctor" in competition with Aquinas, the "Angelic
Doctor " of the Dominicans, is scarcely entitled to very

high intellectual rank—and at one time they seemed likely

to establish as firm a hold on the university of Oxford as

the Dominicans did on that of Paris. The swiftest success

and popularity attended the two new oiders
;
privileges

and exemptions were showered on them from Rome

,

•wealth, in despite of their vow of mendicancy, was
emulously thrust upon them by the laity ; and, above all.

I
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a remarkable and widespread religious revival, a dead-lift

to ministerial efficiency in every direction, repaid their

early labours, while they had between them almost a

monopoly of the popedom for nearly two hundred years.

And one peculiarity of their organization gave them a

degree of strength which no other orders possessed. Each

monastery of tie older societies was practically isolated

and independent of all others, unless it were itself a

dependent priory or cell belonging to a greater house.

Some societies had, it is true, general chapters, but these

were rare, and at best only effectual in establishing a

certain uniformity of practice in all houses of the same

rule. ' But the Friars, like the Templars and Hospitallers of

an earlier day, and like the Jesuits of a later one, were

enrolled in something of military fashion, under a superior-

general, with wide powers, who directed and controlled

their actions from one central point. Every group of

neighbouring friaries was formed into a congregation,

under a local head or provincial, and he was always in

direct communication with the general, so that a common
government united the whole body into a compact mass.

But their very success was fatal to their character. The
vow of poverty was the first part of their institute to

break down. Even before they began to be counted

amongst the richest orders of Christendom, there is

indisputable evidence— that of Bonaventura, himself

general of the Franciscans—that the mendicant system

was working nothing but mischief. He tells us, writing

while the order was still very young, and within fifty

years of the founder's death, that it was even more en-

tangled in money cares and business concerns than the

endowed communities, precisely because there were no
funds available to fall back on in emergencies ; that the

brethren, discouraged from work by mendicancy, were

habitually idle ; that they roamed about in disorderly

fashion under pretext of questing ; that they were such

brazen and shameless beggars as to make a Franciscan as

much dreaded by travellers as a highwa^nnan ; that they

made undesirable acquaintances, thus giving rise to evil

reports and scandal ; that conventual offices had to be en-

trusted to untried, unspiritual, and incompetent brethren

;

that vast sums were lavished on costly buildings; and that

the friars were greedy in the pursuit of burial fees and of

legacies, so that they encroached upon the rights of the

parochial clergy. If such were the mischiefs at work before

the first zeal had begun to cool, it may readily be gathered

how entire A\'as the failure at a later time. Indeed, as

regards the Franciscans, not only did they endeavour to

evade the stringency of their institute even in their

founder's lifetime, but the whole society was soon divided

into two hostile camps, one of which desired to adhere

closely to the original rule, while the other was content to

fall in with the habits of the "possessioners," as they had
been wont contemptuously to name the endowed orders.

And what is very curious in this connexion is that the

friars who were loyal to the principle of poverty broke

away for the most part from the church, forming new
sects, such as the Fratricelli, or attaching themselves to

elder ones, like the Beghards and the Apostolici, which

handed on in secret the Gnostic traditions of the third

century, apparently stamped out in the crusade against

the Albigenscs, while those who openly disregarded the

will of their founder remained steadfastly in the Latin

church. No order, except the Benedictines, has had so

many branches and reforms as the Franciscans ; amongst
which it will suffice to name the Capuchins, the Jlinims,

the Observants, and the Recollects ; while the Poor

Clares, the nuns of the institute, have also divided into

Clarissines and Urbanists. The institution of Tertiaries,

seculars affiliated to the order as honorary members, while

continuing to live in the world, and adopting a certain

modified daily rule, was a powerful factor in the success

and strength of the order, and was adopted, but with less

conspicuous results, by the Dominicans. The rivalry of

these two great bodies with each other, prolonged with

much bitterness for centuries, and their disputes with the

parochial clergy, whom they long displaced in general

repute and influence, belong rather to general church

history than to the annals of monachism, and may be

passed by with this brief allusion ; while it suffices to say

that all the support they, and the other less important

communities of the same kind, such as the Carmelite and
Austin Friars, received from the popes, whose most effective

allies they were in every country where their houses were

found, was not able to avert their decline in general

estimation ; and there is no figure in later mediajval

literature on which the vials of contempt and indignation

are so freely poured as on the begging friar, and that, ;'

must be said, deser\-edly.

As the 13th century is the apogee of later monachism,
so the decline begins steadily at the very outset of the

14th (which is' also the date of ordination becoming the

normal custom for choir-monks, instead of the exception,

as formerly), continuing down to the crash of the Reforma-
tion. ^ The great schism of the West, the rise of the

Wickliffites and Lollards in England, and of the body
later kno\\Ti as Hussites in Bohemia, could not fail to act

injuriously on the monastic orders ; and, though the

creation of fresh ones continued, none of those founded

during this era were influential, and few durable. It

will suffice to name some of the more prominent :—the

Olivetans in 1313, who were rigid Benedictines ; the nuns
of Bridget of Sweden in 1363, who followed a rule compiled

from those of Basil and Augustine ; the Hieronymite

monks in 1374; the Brethren of the Common Life,

founded by Gerard Groot in 1376, who did much for

education and in home mission work, but are chiefly

famous now in virtue of one member of their society,

Thomas a Kempis; the Hieronymite Hermits in 1373-1377;
the Minims in 1435; the Barnabites, a preaching and edu-

cational order, in 1484; the Theatins (a body of Clerks

Regular who aimed at little more than raising the tone of

clerical life, made but slight pretension to austerity, and

are, indeed, mainly noticeable as having suggested to Igna-

tius Loyola several points which he adopted in regulating

the mode of life to be pursued by the members of his

institute) in 1524; and the Capuchins in 1525,

In the Reformation era itself the monastic bodies had
sunk so low in the estimation of even the rulers of the

church that one clause in the report of the committee of

cardinals appointed by Pope Paul III. (a body composed

of Sadolet, Contarini, Reginald Pole, Giberti, Fregoso,

Badia, Aleandro, and Caraffa, afterwards Paul IV.),

delivered in 1538, was worded as follows :

—

"Another abuse ivliich needs correction is in the religious orders,

because they have deteriorated to such an e.xtent that they are a
grave scandal to seculars, and do the greatest harm by their

example. We are of opinion that they should be all abolished,

not so as to injure [the vested interests of] any one, but by forbidding

them to receive novices ; for in this wise they can be quickly done

' The language of Nicolas de Clamenges (1360-1440)—rector of the

university of Paris, known as tlie " Doctor Theologus "—in his treatise

De Corriipto Ecdcsiw Slatii, paints the moral decay of the monastic

bodies, and especially of tlie Mendicants, in the very darkest colours.

He not only charges them with waste, idleness, gluttony, drunkenness,

and profligacy, but alleges the condition of convents of nuns to be such

that there was little practical difference between allowing a girl to take

the veil and openly consigning her to a life of public vice. And the

Iievdatio7is of Bridget of Sweden (1302-1373), approved by the coun-

cils of Constance ami B.asel, and by Popes Urban VI., Martin V., and
Paul v., fully confirm the darkest features of this testimony as regards

the religious houses of the 1 Jth ce»tur>.
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away with without wion^ to tiny onf , ana good religious can be put

in their place. At present we think the best thing to be done ia

to dismiss all the unprofesscd youths from their monasteries."

As this formal document showed the current of high

ecclesiastical opinion, so the lay view took expression in

the Epistolx Obscurorum Virorum of Ulrich von Hutten,

which was to the Dominicans of the 16th century almost

what the Provinciates of Pascal were to the Jesuits of the

1 7th ; while they came also under the more delicate scalpel

of Erasmus's wit. Not that the objections were wholly

new, for it is evident from Thomas Aquinas's defence of

monachism against its detractors that they were nearly all

used in the 13th century. The interests involved were,

ho«ever, too vast and complicated, the supposed impolicy

of an admission on so large a scale of the charges alleged

against monachism by the men of the New Learning too

serious, to allow of any such sweeping measure of reform

as that proposed by the cardinals being carried out. A
certain amount of discouragement shown towards the older

societies ; the enactment of some partial corrections by

the council of Trent, not touching any principle whatever,

but apparently saying something because public feeling

looked for something to be said ; and, above all, the crea-

tion of a new type of order, the famous Company of

the Jesuits (1534), represent the total action taken by

the Roman Church during the actual crisis of the Refor-

mation. Apart from such direct revolts from the Latin

obedience as those in Bern, Zurich, Denmark, and Sweden,

which at once involved the monasteries in the general

overthrow of the old system of things religious, the most

remarkable proceedings in the reaction against monachism

were those taken in England, at a time when no breach

with the Roman Curia was thought of. So far back as

the 13th century Kings John and Edward L, and yet

again in 1337 Edward III., had confiscated the "alien

priories," as those houses were called which were depend-

encies of foreign monasteries, and the last named let out

their lands and tenements until the peace with France in

1361, when he restored their estates; and similar raids were

made on them both in his reign and in that of Richard II.

Henry IV. showed them more favour; but in 1410 the

House of Commons proposed the confiscation of all the

temporalities held by bishops, abbots, and priors, petition-

ing the crown to employ their revenues in paying a

standing army of knights and soldiers, in augmenting the

incomes of some of the nobles and gentry, m endowing a

hundred hospitals, a;id in making small yearly payments to

the secular clergy. This fact attests the unpopularity

of the church and the religious orders at the time, and,

though the large scheme was dropped, yet in 1416 parlia-

ment dissolved all the alien priories, and vested their

estates in the crown. They were for the most part

applied to ecclesiastical purposes ; but some portion, at

any rate, passed into private hands, and was permanently

alienated. Hence there was nothing to create surprise,

much less opposition, when Cardinal Wolsey in 1523

obtained bulls from the pope authorizing the suppression

of forty small monasteries and the application of their

revenues to educational foundations, on the plea that

these lesser houses were quite useless, and not homes of

cither religion or learning, whereas a learned clergy was

imperatively needed to combat the new religious opinions

which were making rapid way. And that the monasteries

had been subject to serious vicissitudes all along appears

from the fact that only about one half of all the founda-

tions known to have been made in England were in

existence at the date of the dissolution. There is little

reason to trust the charges of immorality brought against

the monks when Henry VIII. had once resolved on the

pillage of the monasteries, seeing how the path opened

by Wolsey could bo follow.cd up. The characters of the

king himself, of Cromwell, his chief agent in the disso-

lution, and of Layton, Legh, and others of the visitors

appointed to inquire into the condition of the houses, arc

si'ch as to deprive their statements of all credit ; and,

besides, the earlier Act of dissolution, granting the smaller

monasteries to the king, limits the charges of misconduct

to them, expressly acquitting the larger houses. Never-

theless, when the appetite for plunder had increased with

the first taste of booty, accusations of precisely the same

sort were brought up against the great monasteries,

though in no instance has any verifiable proof been pre-

served. ' But there can be no reasonable doubt (especially

"in view of the visitations of Archbishop Warham and other

pre-Reformation prelates), that the religious houses, viewed

simply as corporate estates, had been very badly managed

for a considerable time, were heavily encumbered, and a

weight round the neck of financial progress in England

;

and that, as spiritual agencies, they had mainly outlived

their usefulness, so that, lamentable as were the circum-

stances of their destruction, and scandalous as was the

waste of the property seized, there is little reason to sup-

pose that any practical benefit would have flowed from

their continuance, whatever might have been the advantages

of an honest and economical measure of reform, or even of

transfer to other purposes on the principle of cy prcs.^ •

The negative evidence of the effeteness of the older

orders supplied by their very small share in the counter-

Reformation, which lay virtually in the hands of the

Jesuits alone, is reinforced by the reports made by the

emissaries of -the new company to their superiors, which

attest that the accusations of the German reformers against

both the secular and regular clergy on the score of ignor-

ance and dissoluteness were only too well founded.

Accordingly several new societies were instituted during Later

the latter half of the 16th century, aiming at putting newsocieiie.

wine into the old bottles of the Carmelites, Cistercians,

Augustinians, Dominicans, and Benedictines ; but none of

them proved of much importance. A larger measure of

success attended some established on an active basis, such

as the Fathers of Christian Doctrine, a catechizing order

erected by Pius V. in 1571 ; two communities for tending

the sick, one founded in Italy by Camillo de' LeUi in

1584, the other, the Brothers of Charity, by John of

God at Granada in 1538, but not formally sanctioned till

1572; and still more prosperity attended the Ursuline

Nuns, a community chiefly devoted to the education of

young girls, founded at Brescia by Angela de' Merici in

1537, and confirmed by Paul III. in 1544. Yet, with the

single exception of the Jesuits, no new society could be said

to have laid hold in any degree of the popular mind, nor
were the attempts to revivify the elder bodies continued.

It remained for two newer still to rehabiUtate the waning
respect for monachism of all kinds, and that by borrowing
one chief feature of the Jesuit organization, the abandon-
ment of that principle of isolation from the outer world
which lies at the root of true monachism.' Of these the

' A full examination of the case against the monasteries will bi.

found iu Dixon, History of the Church of England, vol. i. pp. 324-
383.

- The number of houses suppressed and overthrown by the two Acts
of 1536 and 1538 was as follows:—186 Benedictine houses, 173 Augus-
tinians, 101 Cistercians, 33 Dominican, Franciscan, Carmelite, and
Austin friaries, 32 Prcemonstratensians, 28 Knights Hospitallers,

25 Gilbertines, 20 Cluniacs, 9 Carthusians, 3 Fontevraud, 3
Jlinoresses, 2 Bonhommes, 1 Brigittii.- ; total, 616. Their aggregate
revenues were valued at £142,914, 128. 9d. annually.

' Soon after the Jesuits rose into note and popularity, a very curious
and little known extension of their institute was made in Flanders.
Two English Ladies, acting with the sympathy and counsel if not at
the recommendation of F. Gerard, rector of the Jesuit college at
IMge. founded a community which they named Jesuitesses, adopting
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first was the Oratory, foiinded by Philip Neri in 1 55S, but

not approved by authoirity till 1577, and copied inde-

pendently bj Cardinal de Berulleat Paris in IGll.- There

were no vows imposed on the members of this society,

though they lived under rule, and they employed them-

selves in doing all kinds of clerical work under episcopal

supervision. The Italian house is chiefly celebrated as

having included the famous Cardinal Baronius amongst

its earliest recruits ; but the French one held a high place

in the religious revival of the 17th centj.iry, well-nigh

rivalling the Benedictines of St !Maur in learning (with

such representatives as Simon, Thomassin, IMorin, and

Malebranche), and the reformed Cistercians of Port-Royal

in piety, though sharing with the latter the reproach of

Jansenism. But the second was far more influential, and

has been fruitful ever since in the works of its copyists as

well as in its own. It was the institute of the Sisters

of Charity, established by Vincent de Paul in 1634, on

the lines of the ancient community of the Hospitaller

Nuns of St Augustine, but with some remarkable modi-

fications, not only in respect of the vows, which were only

yearly and inward, but in the spirit of their discipline, as

formulated in his own memorable words,—" Your convent

must be the houses of the sick
;
your cell, the chamber of

suffering
;
your chapel, the parish church

;
your cloister,

the streets of the city, or the wards of the hospital
;
your

rule, the general vow of obedience
;
your grille, the fear

of God
;
your veil to shut out the world, holy modesty."

The original scheme of Francis de Sales for the Nuns of

the Visitation, founded in 1610, was almost identical;

but the opposition was then far too strong, and he was

forced to make them a cloistered community. Vincent's

order of Mission Priests, more commonly known as Lazar-

ists, was also a successful and useful institute, though

not vjnng in the extent of its influence with the other,

which, as has been implied, has powerfully afl'ected the

organization of many of the active communities which

have since been formed. No religious body did more to

enable French monachism to bear up against the general

obloquy it encountered during the 16th, 17th, and early

18th centuries,—a temper on the part of the public due

to more than one cause. In the first place, the wars of

religion had done much to harden and coarsen the feelings

on both sides, and rigid adherence to the extreme positions

of Catholics or Huguenots, as the case might be, was set

far above any gentler and higher ideas. Next, the monas-

teries of both sexes had all but universally fallen into the

patronage of the crown (in virtue of the concordat of

Bologna, between Pope Leo X. and Francis I.), and were

jobbed away as apanages for a dissolute nobility, who
squandered the revenues, and suflfered discipline to become
relaxed, often to the generation of serious scandals. This

malversation operated in two ways. It made, the monas-

teries hard and bad landlords, grasping closely all the

feudal privileges and monopolies which they continued to

enjoy, a proceeding which bore hard on the tenants and
labourers, so that the monks shared to the full the unpopu-

larity of the nobles (precisely as was the case in Germany,
during the Peasants' War of 1525) ; and the evil repute of

the nile autl org.inization of the famous comp.iny, and taking the three

usual vows, but, \vitli a bold disregard of precedent, not only omitting

the customary vow of inclosure, but actually sending the members of

the society out as itinerant preachers. Their object was to train a

body of emissaries for tlie Roman Catholic mission in England, who
might obtain entrance and escape the incidence of the penal laws in a

manner impracticable for men. They had considerable success for a

time, and Mrs Ward, their projector, obtained some .degree of papal

approval, and became ** mother-general " over more than 200 of these

female preachers in the various -colleges of the society. But after an

existence of about eighty years it was suppressed by Pope Urban VIII.

in 1630.

the convents—of whose real cnaracter we get at least one

trustworthy ghmpse in the account of the abbey of Mau-
buisson which Angelique Arnauld reformed—-'came home
to all the Huguenots and their friends, because both before

and after the legal continuance of the edict of Nantes they

were used (according to a very early application of monastic

houses not yet obsolete) as prisons, where Huguenot women
and girls were shut up in order to bring about their conver-

sion, forcibly if necessary, but somehow in any case. And
there is evidence to show that the Huguenots resented this

policy most bitterly, not only on polemical grounds, but be-

cause they were firmly persuaded that the morals of their

wives, daughters, and sisters were in no less peril than their

faith in such places. When to this sentiment is added the

hostility of the Jansenists to the school of opinion v.hich

had persecuted them, razed their famous house of Port-

Royal, and Uterally flung the bones of its deceased members
to the dogs, it will be easy to judge how powerful were

the forces mustering for the overthrow of monachism, and
how little even such stern reforms as De Ranee's at La
Trappe, which has always had a marked attraction for

soldiers, could do towards abating the danger. Nor were
there wanting public scand^s and cases before the law-

courts which helped to fan 'the rising flames of hatred.^

Another cause which contributed much to the decay of

discipline and of practical religion in monasteries of both

sexes was the custom which prevailed throughout the 16th,

17th, and ISth centuries, of dispo"sing of the younger

members of poor but noble families in the cloister as a

safe and reputable provision, without any regard to the

vocation of those so dedicated, and merely because the

sum which sufficed to secure permanent admission was
much smaller than that necessary to purchase a commis-

sion or public office for a son, or to provide an adequate

dowry for a daughter.^ At the Revolution, the religious Suppres-

houses, amounting (without reckoning various minor colleges ^J""
p'

and dependent establishments) to 820 abbeys of men and 'j

255 of women, with aggregate revenues of 95,000,000 livres, monas-
were suppre'ssed by the laws of 13th February 17C0 andteries.

18th August 1792. In Germany the storm had broken
somewhat earlier, if not quite so violently. The Thirty

Years' War had wrought much mischief to not a few of the

religious houses, without taking into account the great

number which had been destroyed in the territories of the

Protestant princes ; and when the death of Maria Theresa
in 1780 left her son Joseph II. free to act as he pleased,

he dissolved the Mendicant orders, and suppressed, in despite

of the personal remonstrances of Pius VI., the greater number
of monasteries and convents in his dominions. In Italy,

despite the multiplication of new institutes, the process

of decay continued throughout the 17th century, and one

most remarkable testimony to the fact appears in the

report of the Venetian ambassadors at Rome in 1650 to

their government of an interview they had with Pope
Alexander VII.

^ One of these is interesting, as settling a point ^hicb has been
often disputed,—the existence of those monastic dungeons lino^\^l by
.he name of " in-pace," familiar to the readers of Marm\(nt. It is the
condemnation of the abbot of Clairvaux by the parlement of Paris In

1763 to a fine of 40,000 crowns for causing the death of a prisoner tn
an "in-pace."

° This worked much evil in France, but produced perhaps even
greater mischief in Germany, where what were styled "Noble Abbeys"
were not uncommon, entrance to which, save in the inferio- "apacity
of lay-members, was barred against all who could not prove patrician

descent and a certain number of armorial quprtcriugs. A relic of this

survives in a few secular Stiftnngcn. (Protestant and Catholic) for noble
canouesses in Germany; and the notion was at any rate as respectable

as that which holds good in some communities even now, where women
who can pay a certain sum at entrance are admitted as choir-sisters,

while those who cannot do so must accept the humbler position of lay-

si .'ters.
''
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"The PoatilT . . . began by saying that for some time past the

Apostolic See, considering not tlie abundance only, but ths super-
fluity of religious institutes, had become convinced that P.)me of
them, degenerating from the first design of their founders, had
lapsed into a total relaxation of discipline, and that it was just as
advisable for the church as for the laity to adopt the expedients
used by wise husbandmen when they see that the multitude of
branches has impoverished their vines instead ofmaking them more
fruitful. That a beginuing had been made in that matter by sup-
pressing some orders ; but this was not enough. ... A great
number of very small convents had been suppressed, . . . and
it was proposed to continue the work by proceeding to the final

abolition of certain others which, by their licentious mode of life,

filled the world with scandal and murmurs. . . . That he proceeded
slowly, because he desired, in a matter of so much importance, to
obtain the good-will of the secular princes. . .

." The remarks
closed with a recommendation to the republic of Venice to suppress
the canons of San Spirito and the Cruciferi in their city, and to
apply their revenues towards defraying the cost of the war in
Candia. {Ranke, Die Rom. Pdpste, App. No. 129.)

But the policy thus indicated was not carried out by
Alexander VII. 's successors, and there is evidence that
things did not mend as time went on. The emperor
Francis I., in his character of grand-duke of Tuscany,
caused an edict to be published at Florence in 1751,
forbidding the clergy to acquire property in mortmain,
and issued together with it a paper of instructions pointing
out the grave social disadvantages of enriching artificial

families, such as convents, colleges, and the like, at the ex-

pense of natural families. And the menace implied in these
documents was carried into operation by the suppression
of several convents of nuns, for which the reluctant con-

sent of the pope (Benedict XTV.) was extorted. When
Francis died in 1765, and was succeeded in Tuscany by
his brother Peter Leopold, the latter began his reign with
what may be styled a formal.act of war against the Roman
Curia, by declaring the bull In Ca'na Domini nuU and
void in Tuscany, and forbidding its recognition 'or publi-

cation there. At once he was beset with appeals from
priests and nuns, caUing his attention to several grave
abuses in the church, and notably to moral scandals of the
most serious kind in the convents of nuns, especially those
under the direction of the Dominicans, accusations which
were fortified witl; fuU details of time and place. The
result was that Leopold caused a scheme of ecclesiastical

reform to be drawn up in 1770, containing stringent

enactments for the abatement of monachism, for the
suppression of all small convents of mendicants, and for

the exclusion of monks and friars from the direction of

nunneries, which were to be subject in all spiritual

matters to the ordinaries only. And the Jansenist bishop
of Pistoia and Prato, Scipio de' Ricci, upon entering on
his diocese in 1780, at once began to inquire into the

scandals which raged in the Dominican nunneries of his

jurisdiction, especially in Pistoia,^ the result being that he
excommunicated the Dominican friars, and prohibited
them from officiating. The pope at that time was Pius
VI., an ardent devotee, warmly in favour of mona-
chism generally, and of the lately suppressed Jesuits in

particular, so that he took up the cause of the friars

(though their evil repute had prevailed for 150 years),

and issued a brief of censure agains,t Ricci. He laid

it before the grand-duke, who nTote a strong remon-
strance, accompanied with proofs furnished by Ricci, and
informed the pope that unless the brief were promptly
withdrawn, and the convents obliged to submit to

the ordinary's jurisdiction, he would himself reform at

his ow-n discretion every religious house in Tuscany.
Accordingly, the brief was retracted, and Ricci was given
full liberty to repress the disorders complained of. There
is not any similar evidence forthcoming as to the condition

^ A^ to which documentary evidence will be found in the Appendix
to De Potter's Li/e of Scipio dc^ Ilicci.

of the monasteries in other parts of Italy; but Tuscany is

likely, from local causes, to have been above, rather than

below, the average moral level. Against this general

tendency to monastic decay may be set the foundation of

the Passionists in 1725, and of the Redemptorists or

Liguorians in 1732; but these two institutes, though pious

and respectable, have never exerted much influence.

There is little to chronicle in regard to the later annals

of monachism in Spain and Portugal. Peter of Alcantara,

as reformer of the Franciscans of the latter country in

the middle of the 16 th century, and his more famous

contemporary, Teresa, as reformer of the Carmelites in

Spain, are eminent figures in the annals of their time; but

they cannot be said to have produced any permanent

effect on the fortunes and tone of their several institutes,

far less upon the common life in general. The stamping

out of all varieties of opinion, at any rate in respect of

outward expression, by the Inquisition in the Peninsula

makes the evidence scanty and vague; but the fact that

Portugal took the lead in 1759 in striking at the Jesuits,

then the most eminent and powerful of the orders, though
far surpassed in mere wealth and numbers throughout

Western Europe by the Franciscans, and that its policy in

this respect was quickly followed by Spain, attests the

growth of a hostile feeling by no means likely to have
been limited to the great company. In fact, if popular

rhymes and proverbs may be trusted, the charges current

against the religious orders in Spain do not seem to have
difi'ered from those alleged elsewhere, whatever may havp
been the amount of truth in them. And the testimony of

Blanco White, always to be trusted on matters within his

experience, is decidedly adverse.

The terrible crash of the French Revolution, which
aflfected, directly or indirectly, every country in Europe,
was not least influential in its incidence on monachism.
On the one hand, the actual destruction which it brought
upon the religious houses of France was adopted as part of

the revolutionary programme in all countries where such
institutions were stiU intact ; and, on the other, there was a
considerable measure of improvement brought about in

not a few places by the fear of public opinion, while the
new institutes which continued to spring up were all but
invariably active, both founders and the sanctioning

authorities recognizing that any society seeking to make
its footing good must needs first "prove its capacity for

practical usefulness. In France itself the laws which
abolished all religious communities were relaxed by con-

nivance in favour of the Siste.-s of Charity even under
the Terror and the Directory; while in 1801 a decree of

the Consular Government, issued by the Minister of the
Interior, authorized Citizeness Duleau, former superior of

that society, to revive it by taking young women to train

for hospital work ; and various other active communities
were restored by Napoleon in 1807. Further revivals

took place at the Restoration, the most celebrated of

which was the Dominican, owing to the talents and elo-

quence of Lacordaire and the group he gathered round
him; but Benedictines, Carthusians, Trappists, and other
societies of the older tj-pe were not slow to avail them-
selves of the opportunity to return and to found anew,
amidst a poverty which recalls the original institution,

their abbeys and priories. But they met with little favour
under the Orleanist monarchy, and the Second Empire was
their time of most security and progress. Since its fall,

they have again been actively discouraged by a strong
party in the Republic, and their position remains pre-

carious. France has been, further, the chief seat of the

many new societies founded for some especial department
of charitable work, the most characteristic example of

which is perhaps that of the Little Sisters of the Poor,



MOKACHISM 715

who house and tend aged invalids. As a broad general

rule, nearly every post-Reformation institute is styled, not

an "Order," but a "Congregation"; but the only dis-

tinction which can be drawn between these two names

i3 that "order" is the wider, and may include several

congregations wdthin itself (as the Benedictine order,

for example, includes the congregations of Cluny and

of St Maur), while a "congregation" is a simple unit,

complete in itself, and neither dependent on another

institute nor possessed of dependent varieties of its own.

Another distinction drawn between the elder and younger

societies is that the former are said to make " solemn

vows," the latter only "simple vows." The difference

here is not in the matter of the vows, which are usually

the same in all cases, nor even in the ceremonies attending

their utterance, which may also be alike, but in the

superior binding efficacy of the solemn vows in Roman
canon law, which rules that they so bind the member to

his society, and the society to each member, that neither

can sever the connexion, so that only the pope can dissolve

it, and that in rare and exceptional cases alone. And it

may be added that>the term "religious" is restricted in

the Latin Church to communities whose institute has been

formally approved by the Roman see, and whose vows

are for life, and not merely renewable,—^a principle which

excludes the Sisters of Charity, for example, from the use

of this title. By the laws of France, and of some other

countries, ILfe-vows are invalid and even prohibited, but

when they make part of the original institute, such dis-

approval by the civil power is not held to reduce them to

the canonical level of temporary vows.

Returning to the history of Western monachism, the

fall of the religious houses in Spain dates from the law of

21st June 1835, which suppressed nine hundred monasteries

at a blow j and the remainder had but a short respite, as

they were dissolved on 11th October of the same year. In

Portugal, where a bias against the Roman Curia has been a

traditional part of patriotism ever since the revolution of

1640, when the pope sided with Spain against the house

of Braganza, there was Little feeling to protect the

monasteries when it happened that the crown wanted
their possessions, and they were all suppressed by the

decree of 28th May 1834. No European country had so

many religious houses as Portugal in proportion to its

population and area, and the number of the foundations

dissolved in 1834 exceeded 600. In Switzerland, a con-

siderable measure of suppression followed the war of the

Sonderbund in 1847 ; while in Italy, the last country

where monachism had remained almost unmolested, an Act
was passed in the Sardinian Parliament on 7th July 1866
for the suppression of monasteries within the Piedmontese

dominions, and for the confiscation of their property.

The measure was extended to the whole of Italy after the

unification of the kingdom ; the orders were expropriated

in 1873 ; their houses were declared national property, and
were put to secular uses, no exception being made in

favour of San Marco at Florence, of Assisi, of Vallom-

brosa, or 6ven of Monte Cassino itself.^

On the other hand, several Roman Catholic societies

have attained considerable success in the United States

and Canada, thus in some degree recovering for the

principle they represent part at least of the ground lost in

Europe ; while in three religious communions outside the

pale of the Latin obedience—the Evangelicals of Germany,
the Reformed of France, and the Church of England—the

organization of women for charitable and religious .work
on the lines of various old institutes has been actively

carried out. The Deaconesses of Kaiserswerth, founded
by Pastor Fliedner in 1836, derive part of their rule, and
even of their dress, from the Dames de St Augustine,

themselves lineal descendants of the first Hospitallers of

the crusades, and have ramified into several countries

;

the Strasburg and Miihlhausen Deaconesses derive theirs

partly from the Flemish Beguines and partly from some
points in the Jloravian organization, itself handed down
from those seceding Franciscans to whom the Unitoi

Fratrum really owes its originj while the various Anglican
communities, of which there are several, have borrowed
freely from different sources, according to the preference

and knowledge of each founder. Some attempts at

reviving the common life for men also have likewise been
made, but none on any large scale ; only one has as yet

exhibited any signs of vitality, a preaching order at

Cowley, near Oxford, which has obtained some footing in

England, and has even been able to spread to America.

Bibliography.—The bibliography of ilonachism is excessively
copious, and it is impracticable to indicate more than a few of the
most important and trustworthy books. General:—Hospinianus,
Dc Monachis Libri Sex (Geneva, 1659), bitterly hostile, but a copious
and trustworthy record of facts; Helyot, Histoire dcs Ordrcs Rdi-
gicux (8 vols., Paris, 1714-1721), and again (as Diclionnaire dcs
Ordres Rcligicux), with continuation by Badiche (4 vols., Paris,

Migne, 1860),—this book has itself a copious catalogue of works
on its subject prefi.xed ; Alteserra, AscelicSn, sive Originum Rci
Monastic-ss Libri Decern (Paris, 1674) ; Holstenius, Codex Regularum
(3 vols., Kome, 1661) ; Jlontalembert, Moines d'Occide'^it (7 vols., Paris,

1860-1877) ; Dugdale, Monasticon Anglitaniim (edited by Caley,
Ellis, and Bandinel, 8 vols., London, 1846) ; Kosweyde, Vitx Patrum
(Lyons, 1617). Special :—Benedictines—llaLillon, Acta SS. Ordi-
nis S. Bencdidi (9 vols., Venice, 1733) ; Cluniacs—Harrier, Biblio-

theca Cteniocensi* (Paris, 1614); Cistercians—Gaillardin, Lcs Trap-
pistes (Paris, 1844) ; Besoigne, Histoire de FAbbayc de Port-Royal
(8 vols., Cologne, _1752-56) ; Dominicans—Touron, Histoire dcs

Hommcs Illustres de I'Ordrc de Saint Dominique (6 vols., Paris,

1743-49) ; Franciscans—Sedulius, Historia Scra/Mea (Antwerp,
1613) ; Wadding, Annales Minorum (20 vols., Rome, 1731-94).

(R. F. L.)

* The total number of monasteries, &c., suppressed in Italy down to

the close of 1882 was 2255, involving an enormous displacement of

property and dispersion of inmates. And yet there is some reason to

think that the state did but do roughly and harshly what the church
should have done more gradaially aud wisely ; for the judgment passed
on the dissolution by Pius IX. himself, in speaking to an English

Roman Catholic bishop, was :
*' It was the devil's work; but the good

God will turn it into a blessing, since their destruction was the only
reform possible to them." (Cited by Rev. R. R. Suffield in Modern
Review, voL ii. p. 359/ April 1881.)

Chronological Table of Monastic FotrNHATioNS.

The religious communities wmcn have been formed at various times in the Western Church amount to many hundreds, and receive fresh
accessions alm:st yearly, while some among them have been suppressed, absorbed, or suffered to die out. Ko official list of those actually
lu existence and recognized by authority is published ; it is thus impracticable to enumerate them accurately, especially as many of
them are only local varieties or branches of identical rules and institutes, and there are not a few cases where a once celebrated and powerful
order has practically disappeared from view, though, as still lingering in one or two houses, not definitely extinct. The following table,

however, gives the more remarkable foundations in chronological order, some of the earlier dates being only approximate, and even a few
later ones uncertain, for the historians oftei. vary as to the exact year, sometimes giving that of the first attempt at organisation, and
EOinetiiiics that of the final approval by authority.

Date.

250
320

363
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Date.

) Name.

529

540-570
563
590
641

rco
910
1013
1039

1061(?)

1074

10S4
1095

1100(?)

1100

1119(7;

1120

1140

1148

1156

1156

1158
1102
1170

1191
119l5<7)

1197

1198

1200(7)

1203
1209

1212
1212

Monks of Lerins

Benedictines, or Black
Monks

Welsh Monks
Monks of lona
Monks of Luxeuil
Nuns Qater CDHonesses) of
NiveUes

Canons Regular
Benedictines of Cluny .

Onlei of Camaldoli
Or\ier of Vallombrosa . .

.

Founder.

Austin or Black Canons .

Order of Grummont

Carthusians
Order of St AnUiony of
Vienne

Cistercians ,

Cmciferi (suppressed, 1656)
Order of FontevTaud

1214(?)

1215
1215

1218

1221
1223
1231

1241
1251

1271

1290

129P

1313

1350(?)

1305
1363

1366

1368(?)

1378-77

1376

1390(7)

1395
1408

1408

1425
1429

Knights Hospitallers of St
John

Templirs (suppressed in

I5l3)

Knights of St Lazams
Canons Regular of Pre-
montr6

Trappists

Gilbertines.^

Knights of Alcantara

.

Hermits of St William, or
White-Mantles

Knights of CSlatrava
Knightsof St BennetofAviz
Knights of Santiago of the
Sword

Begiiines b

Teutonic Knights
Humiliati (suppressed, 1570)
Trinitarians

Houoratus of Aries .

,

Benedict of Nursia ..

Dnbric, Illtut, David
Coluniba
Coluiiibanus
Ituberga, wife of Pip-
pin of Landen

Chrodegang
Bemo
Romuald
John Oualbert

Place.

Stephen

Bruno .

Gaston .

.

0)
Robert d'Arbrissel

Gerard CRaymond du
Pay, first Grand
Master)

Hugh de Payena

(?)

Norbert

Knights Hospitallers ofthe
Holy Spirit

Penitents of St Mary Mag-
dalene

Franciscans
Carmelites

Nuns of St Clare
Order of Val-des-Ecoliers .

.

Canons Regular ofthe Holy
Cross

Hermite of St Augustine ..

Dominicans
Hermits of St Paul

Order of St Mary of Mercy,
or Mercedarians

Franciscan Tertiaries

Sei-vites

Sylvestrines
-Canons Regular of St Mark
AusUp Brothers of Peni-
tence

Celestines

j3rey Sisters (Hospitallers)

Hospitallers of the Charity
of our lady

Olivetans

Cellites, or Alexian Brothei's

Jesuates
Brigittine Nuns, or Order
of St Saviour

Brigittine Knights
Observants, or Franciscans
'of the Strict Observance

Hieron>'niite Monks

Hermits of St Jerome ....

Brothers of Common Life.

.

Fesulan Mendicants of St
Jerome (suppressed, 1668)

Hieronymite Nuns
Congregation ofthe Lateran
Congregation of St Justina,

or Reform of Monte
Cassino

Canons Regular of St
Saviour

Bemardins
Order of Bursfeld, or Ger-
man Benedictine Reform

Rotrou II., count of
Perche

Gilbert of Sempring-
ham

Suero, and Gomez, de
Barrientos

William de Malaval .

Sancho III., of Castile
Alfonso I., of Portugal
Ferdinand II., of Leon

Be^a, or Lambert le

Begue
Heinrich Walpot
(?)

John de Matha and
Felix de Valois

Guy of Montpellier .

.

o
Francis Bemardone .

Albert, titular patri-

arch of Jerusalem
Francis and Clara . .

.

William cf Paris . .

.

Theodore de Celles .

Giovanni Bono
Dominic Guzman ...

Eusebias, archbp. of
Strigonia

Jayme I., of Aragon

Francis
Buonfiglio Monaldi
Sylvester de' Gozzolini.
Alberto Spinola
Innocent IV

Pietro Morone (Pope
Celestine V.)

(?)

Guy de Joinville ....

Bernardo Tolomei of
Siena

(?)

Giovanni Colombini .

.

Bridget of Sweden. . .

.

Bridget of Sweden. . .

.

Paoletto de Foligno .

.

Pedro Ferrando Pecha
de Guadalajara

Pietro Ganibacorti or
Gambacurta

Gerard G root

Carlo de Montegransli

Maria Garcias
Uartolommeo Colonna
Ludovico Barbo

I. of Lerins,
France.

Monte Cassino,
Italy.

Wales.
lona, Scotland.
Anc;,'ray, France.
Nivelles, Ilan-

ders.

Metz.
Cluny, France.
Camaldoli, Italy.

Vallombrosa,
Tuscany.

Avignon (?).

Mount Moret,
Liuioges.

Near Grenoble.
Vienne, Dan-

phin6.
Molesme, Bur-
gundy.

Jerusalem (?).

Fonte\Taud, Poi-
tiers.

Jerusalem.

Pi-

Stephen Cioni of Siena

Martin Vasi
Johann Rodius

sga .

tdiua

Jerusalem-

Jerusalem.
Premontr6,

cardy.
La Trappe,

France.
Sempringham,

Lincolnshire.
St Julian, Ciudad

Rodrigo,
Pesoara, Italy.

Calatrava, Spain.
Evora, Portugal.
Compostella,

Galicia.

Liege.

Acre, Syria.
Milan.
Meaux, Paris.

Montpellier,
France.

Germany.

Assisi.

Mount Carmel,
Palestine.

Assisi, Italy.

Chaumont,
France.

Clair-Lieu, Bel-
gium.

Cesena, Italy.

Bologna.
Buda-Pesth,

Barcelona.

Assisi.

Florence.
Osimo, Italy.

Mantua.
Marseilles.

Sulmona, Italy.

France andFlan-
ders.

Paris.

Sieca (?), Italy.

Aix-la-ChapeUe(7)
Siena.

Wadstena,
Sweden.

(?).

Bruliano, Italy.

Villaescuda,
Castile.

Pis?.

Deventer,
Holland.

Fiesole, Italy.

Toledo.
Rome.
Padua.

niceto, Siena.

Near Toledo.
Abbfynf St Mat-

thias, Treves.

Date.

1431

;43C(?)

1433
1435

1443

1444

1453
14S4

1493
1303
1524

1523

1531

1532

1533

1537
1533

1554(?)

155S
1568
isri

1578
1579
1584

15SS
158&

1594

1595

159G

160S

1609

1610

1611
1611
1615

16ir

1617

iGisr

1621

1624
1624

1625
1629

1639

1640

1641
1641

1643
1643
1G45
1C50

1653

1655

1660

1661
1663
1678

1679

1684
1686

Name.

Mitigated Carmelites, or
"BiUettes"

Congregation ofStAmbrose
ad Nemus

Oblate Nuns
Minims, or Hermits of St

Francis
Daughters of St Martha

(Ht'spitallers)

Augustins of the Lombard
Congregation

Madelonettes
Barnabites, or Clerks Regu-

lar

Filles Repenties
Annonciades
Theatins

Founder.

Pope Eugenius IV,

(?)

Capuchins, or Reformed
Franciscans

Clerks -Regular of St Ma-
jolus of Pavia, or *'So-

maschi

"

Recollects, or Strict Fran-
ciscans

Barnabites of St Paul . . .

.

Jesuits

Ursulines
Brothers of Charity
Jesuitesscs (suppressed,

1631)
Oratnrians
Discalced Carmelites
Fathers of Christiaa Doc-

trine
Feuillants

Oblates of St Ambrose . . .

.

Latin Monks of St Basil .

.

Clerks RegiUar, Ministers
of the Sick

Clerks Minor
Discalced Augustinians .

.

Congregation of Picpus . . .

.

Discaiced Trinitarians . . .

.

Notre Dame de St Paul . .

.

Jacobins, or Reformed Do-
minicans

English Institute of B. V.
Mary

-Nuns of the Visitation

French Ursulines
French Oratorians
Canons Regular of St

Saviour
Hospitaller Nuns of St

Cliarles

Pauline Congregation of
the Mother of God

Nuns of Cal vary
Congregation of Benedic-

tines of St Maur
Hospitaller Nuns of the
Charity of Our Lady,

Lazarists
Nuns ofOur Lady of Refuge

Beligienses de la Croix
Sisters of Charity

Order of Mercy

Sisters of the Blessed Sacra-
ment

Bartholomites, or Clerks
Secular of Common Life

Nuns of the Good Shepherd
Order of (Jur Lady of Char-

ity and Refuge
Eudists, or Mission Priests
Daughters of Proviuence .

.

Sulpicians
Sisters of St Joseph

Benedictine Nuns of Per-
petual Adoration

Betblehemites

Hospitaller Nims of St
Thomas of VUlanova

Union Chr6ticnne
Reformed Trappists
Brothers and Sisters of the

Child Jcsos
Daughters of Providence .

.

Sisters of the Presentation
Ladies of St Cyr

Rome (?).

Milan.

Rome.
Vincennes, Paris,

Beaune, France.

Pavia.

Bishop de Boppart .. Metz.
Pope Innocent VIII." Rome.

Jean Tisserand Paris.

Queen Jeannede Valois Bourges, France.
Giovanni Pietro Ca- | Theate or Chieti,

raf[;i(PopePaulIV.) . Italy.

Matteo di Bassi Pisa.

Frances of Rome ....

Francis de Paola . . .

.

Nicolas Rolln, chan-
cellor of Burgundy

Gregorio Rocchi ,

Girolamo Emiliani ....

(!) .••

Giacopo Antonio Mo-
rigia

Ignatius Loyola/'. ....

Angela de' Merici . .

.

John of God
An Englishwoman,
named Ward

Philip Keri
Theresa
Pope Pius V

Jean de la Barri^re .

Carlo Borromeo
Pope Gregory XIII. .

Camillo de' LeUi . ,

.

Agostino Adomo . .

.

Thomas dAndrada
(Thomas de Jesue)

Vincent Mussart

Juan Baptista Garcias

Madeleine d'Escou-
bleau de Sourdls

Jean Michaelis

Mary Ward

Jeanne Fran^oise de
Chantal

Marie Lhuillier
Cardinal de BeniUe .

.

Founier de Matain-
court

Joseph Calasanza

Antoinette d'OrUans
Didier de la Cour . . .

.

Simone Gauguin
(Mother Frances of
the Cross)

Vincent de Paul
Marie Elizabeth, de
Ranfain

M. Guerin
Vincent de Paul and

Louise Legras
Antoine Yvan and
Madeleine Martin

Antoine Lequien . . .

.

Bartholomew
hauser

Madeleine Lamy
Jean Eudes

HoU-

Jean Eudes
Madame de Polallion
Jean Jacques Olier .,

Henri Maupas du
Tour

Catherine de Barr6
(Mechtilde du St-
Sacrement)

Pierre de Betanconrt

Ange Le Proust

Pere Vachet
Armand de Ranc6 . . .

.

Nicolas Bar^e

Madame Morel

Marie Poussepin
Madameile Maintenon
and Louis XLV.

Pavia.

Spain CO.

Milan.

Montmartre,
Paris.

Brescia, Italy,

Granada.
Flanders.

Rome.
Avila, Spain.
Rome.

Feuillans,

Frauce.
Milan.
Rome.
Rome.

Genoa.
Talavera.

Franconville-
sous-bois, Paris.

Val de Pe&as,
Spain.

St Paul, France.

Paris.

St Omer, France.

Annecy, Savoy.

Paris.

Paris.

Lorraine.

Nancy.

Rome.

Poitiers.

Verdun, Prance.

Paris.

Paris.

Nancy.

Roye, Picardy.
Paris.

Aix, Provence.

Marseilles.

Salzburg.

Caen, France.
Caen.

Caen.
Paris.

Paris.
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France.

Paris.

Guatemala, C
America.

Lamballe,
France.

Charonne, Paris.

La Trappe.
Paris.

Charleville,

France.
Sainville, France.
Versailles.
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out on the most magnificent scale. The gaming establish-

ment is now in the hands of a joint-stock company -with a
capital of 15,0^0,000 francs. None of the inhabitants of

Monaco have access to the tables ; and their interest in the

maintenance of the status quo is secured by their complete
exemption from taxation, and the large prices paid for

their lands. Gambling-tables were set up at Monaco in

1856; but it was not till 1800, when M. Blanc, expelled
from Homburg, took possession of the place, that Monte
Carlo began to be famous.

A temple of Heracles Jlonoecug was built on the Monaco head-
land at a very early date, probably by the Greeks of Massilia.
Monoeci Portus or Portus Herculis is frequently mentioned by the
later Latin writers. From the 10th century the place was associated
with the Grimaldi, a powerful Genoese family who held high offices

under the republic and the emperors ; but not till a much later

date did it become their permanent possession and residence. In
the beginning of the 14th century it was notorious for its piracies.

Charles I. (a man of considerable mark, who, after doing great ser-

vice by sea and land to Philip of Valois in his English wars, was
severely wounded at Crecy) purohased Mentoue and Koccabruna, and
bought up the claims of the Spinola to Monaco. The princes of
Monaco continued true to France till 1524, when Angustin Grimaldi
threw in his lot with Charles V. Honore I., Augustin's successor,
was made marquis of Campagna and count of Canosa, and people
as well as rulers were accorded various important privileges. The
right_ to exact toU from vessels passing the port continued to be
exercised till the close of the 18tn century. Honore II., who re-

newed the alliance with France in 1641, was compensated for the
loss of Canosa, &c. , with the duchy andpeerage of Valentinois and
various lesser lordships ; and duke of Valentinois long continued
to be the title of the neir-apparent of the principality. The Na-
tional Convention annexed the principally to France in 1793 ;

restored to the Goyon Grimaldis by the Treaty of Paris in 1814, it

was placed by that of Vienna under the protection of Sardinia.
King Albert of Sardinia took the opportunity of disturbances that
occurred in 1848 to annex Mentone and Koccabruna ; but this
high-handed proceeding was condemned by the protocol of 1856,
and Charles III. (born 1818) entered upon his full rights. With
the transference of Nice to France in 1860 the principality passed
again under French protection.
See Charles de Venasques, GenalogUa tt hietorica Grim/Mlte gentii arbor

[really the work of Honore II.).

MONAGHAN, an inland county of Ireland in the
province of Ulster, is bounded. E. by Armagh, S.E. by
Louth, S. by Meath, S.W. by Cavan, W. by Fermanagh,
and N. by Tyrone. The area is 318,806 acres, or 498 sq.

miles. The north-western part of the county is included
in the great central plain of Ireland ; but in the south-east

there is an uprising of Lower Silurian rocks. The surface is

irregular, although none of the lulls are of great elevation.

The principal range is that of Slievebeagh, a rugged and
barren tract extending into Fermanagh, its highest summit
being 1254 feet above sea-level. Formerly much of the
country was under forest, but it is now very bare of trees,

except in the many demesnes of the nobility and gentry.

The scenery is redeemed from monotony by the large num-
ber of small lakes and streams. The lakes number in all

nearly 200. The principal rivers are the Finn, which rises

near the centre of the county and passes into Fermanagh,
and the Blackwater,which forms the boundary with Tyrone.
The Ulster Canal passes the towns of Monaghan and
Clones, affording communication between Lough Neagh
and Lough Erne. Eskers occur at several places. There
are seams of unworkable coal in the south-west of the

county. The limestone is not only abundant and good,

but from the position of the rocks it can be obtained at

very small expense in working. Freestone and slates are

quarried in considerable quantities. TLe other minerals

include lead ore, antimony, fuller's earth, marble, and
manganese; but the quantities obtained are inconsiderable.

Climate and Agriculture.—Partly owing to the large proportion
of bog and water the climate is Bomowhat moist. The soil in the
more level portions of the county is very fertile where it rests on
limestone, and there is also a mixed soil of deep clay, which is capa-
ble of high cultivation ; but in the hilly regions a strong retentive
clay prevails, which could be made productive only by careful drain-

ing and culture. Spade husbandry generally prevails. The most
common manure is a compost of lime and burned turl' mould.
Marl is abundant, but is little used, and gypsum also is found.

The number of holdings in 1881 was 17,849, of which as many as

10,784 did not exceed 15 acres in extent, and 2870 of these did not
exceed 5 acres ; 6454 ranged between 15 and 50 acres, and only 24
were above 200 acres. The area of arable land was 278, 755 acres, ot

87 per cent of the whole, while 5258 were under plantations, 7580
bog and marsh, 5239 barren mountain land, and 21,582 water, roads,

and fences. The following table shows the areas under the differ-

ent crops in 1850 and 1882 :—
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within the church, towaras the end of the 2d century

and during the 3d, opposed the doctrine of a hypostatic

Logos (hypostasianism) or of an independent personal sub-

sistence of the Divine Word. It is usual (and convenient)

to speak of two kinds of monarchianism,—the dynamistic

and the modalistic. By monarchians of the former class

Christ was held to be a mere man, miraculously conceived

indeed, but constituted the Son of God simply by the in-

finitely high degree in which he had been filled with Divine

wisdom and power. This view was represented in Asia

Minor about the year 170 by the anti-Montanistic Alogi,

so called by Epiphanius on account of their rejection of the

Fourth Gospel; it was also taught at Rome about the end

of the 2d century by Theodotus cf Byzantium, a currier,

who was excommunicated by Bishop Victor, and at a later

date by Artemon, e.5Communicated by Zei:)hyrinus. About

the year 260 it was again propounded within the church

by Paux of Samosata (q.v.), who held that, by his unique

excellency, the man Jesus gradually rose to the Divine

dignity, so as to be worthy of the name of God. Modalistic

monarchianism, conceiving that the whole fulness of the

Godhead dwelt in Christ, took exception to the " w tordi-

natianism " of some church writers, and maintained ibat the

names Father and Son were only two difi"erent designations

of the same subject, the one God, who " with reference to

the relations in which He had previously stood to the world

is called the Father, but in reference to His appearance in

humanity is caUed the Son." It was first taught, in the

interests of the "monarchia" of God, by Praxeas, a con-

fessor from Asia Minor,in Rome about 190, and was opposed

by Tertullian in his well-known controversial tract. The

same view—the " patripassian " as it was also called, because

it implied that God the Father had suffered on the cross

—

obtained fresh support in Rome about 215 from certain

disciples of Noetus of Smyrna, who received a modified

support from Bishop Callistus. It was on this account

that Hippolytus, the champion of hypostasian subordinatian-

ism, along with his Adherents, withdrew from the obedience

of Callistus, and formed a separate community. A new and

conciliatory phase of patripassianism was expounded at a

somewhat later date by Beryllus of Bostra, who, while hold-

ing the divinity of Christ not to be tSi'a, or proper to Him-

self, but irarpiKTj (belonging to the Father), yet recognized

in His personality a new irpotrmvov or form of manifestation

on the part of God. Beryllus, however, was convinced of

the wrongness of this view by pElGEN (q.v.), and recanted

at the synod which had been, called together in 244 to

discuss it. For the subsequent history of modalistic mon-

archianism, see Sabellihs.

MONASTICISM. See MoN.\cmsM.
MONASTIR, BiTOLiA, or Toli Monastir, a city of

Macedonia, now the chief town of the Turkish vilayet of

Roumelia, is situated at a height of 1880 feet above the

sea, in a western inlet of the beautiful, fertile, and many-

villaged plain which, with a breadth of about 10 miles,

stretches for 40 miles eastward from Mount Peristeri

(7714 feet high) to the Babuna chain. It is embosomed

in rich masses of foliage, and crossed by a rough-channeled

mountain stream, the Drahor, which joins the Czerna or

Karasu, a tributary of the Vardar. The military advan-

tages of its position at the meeting-place of roads from

Salonica, Durazzo, Uskiub, and Adrianople led the Turks

about 1820 to make Monastir the headquarters of the

Roumelian corps d'armee. Since then its general and

commercial importance has greatly increased. A consider-

able amount of gold and silver work (especially clasps and

filigree) is made by the local craftsmen. The population

is about 40,000.

Monastir—so called from the monastery of Bulcova (The Becohes),

Bome himdred feet up the slope of Peristeri—is identified with the

anricnt Heraclea Lvncesti." on the Egnatian liVay ; and its Wshopric

is still called the bishopric of Pelagonia from the ancient name of

the plain. In 1833 the town was the scene of the massacre of the

Albanian beys

MOXBODDO, James Btonett, Lord (1714-1799),

author of works on the Origin and Progress of Language

(published in 1773), and Ancient Metaphysics (1779), was

one of the most marked characters in Scottish literary

circles in the 18th century. He was born in 1714 at

Monboddo in Kincardineshire, studied at Aberdeen and

Groningen, and quickly took a leading position at the

Edinburgh bar, being made one of the Lords of Session

in 1767. Many of his eccentricities, both of conduct and

opinion, appear less eccentric to the present generation

than they did to his contemporaries; though he seems to

have heightened the impression of them by his humorous

sallies in their defence. He may have had other reasons

than the practice of the ancients for dining late and per-

forming his journeys on horseback instead of in a carriage.

His views about the origin of society and language and the

faculties by which man is distinguished from the brutes

afforded endless matter for jest to the wags of his day;

but readers of this generation are more likely to be sur-

prised by the scientific character of his method and the

acuteness of his conclusions than amused by his eccentri-

city. These conclusions have many curious points of con-

tact with Darwinism and Neo-Kantism. His idea of

studying man as one of the animals, and of collecting facts

about savage tribes to throw light on the problems of

civilization, bring him into contact with the one, and his

intimate knowledge of Greek philosophy with the other.

In both respects Monboddo was far in advance of his

neighbours. His happy turn of Virgil's line

—

"Tantse molis erat humanam condere gentem"

—

might be adopted as a motto by the Evolutionists ; and

Neo-Kantians would find it hard to believe that he published

his criticism of Locke in 1773. His studied abstinence

from fine writing—from " the rhetorical and poetical style

fashionable among writers of the present day "—on such

subjects as he handled confirmed the idea of his con-

temporaries that he was only an eccentric concocter of

supremely absurd paradoxes. He died, 26th May 1799,

at the advanced age of eighty-five.

MONCTON, a town of the Dominion of Canada, in

"Westmoreland, New Brunswick, 89 miles by rail north-

east of St John, is a port at the head of navigation on the

Petitcodiac, and the seat of the workshops and general

offices of the Intercolonial Railway. The population,

about 1200 in 1871, was 5032 in 1881 ; the growth of

the place has been favoured by the establishment of sugar-

refining factories, and factories for cotton and brass and iron

wares since the Canadian Parliament in 1S79 adopted a

policy of protection. For the year 1881-82 the exports

amounted to__864,817, and the imports to $252,571.

MONDONEDO, an ancient city of Spain, 27 miles

north-north-east from Lugo, in the province of that name,

is situated on the Sixto, a smaU tributary of the Masma,

on the Atlantic side of the Cantabrian chain, in a sheltered

site surrounded on all sides by considerable hills.- The

population in 1878 was 10,112. The principal buildings

are the cathedral, a Corinthian structure of the 17th

century, an ex-convent of Franciscan- friars of Alcantara,

which is now used for a theatre and a public schnol, and

the civil hospital. The industries, which are unimportant,

include lace-making, linen-weaving, and leather n;anu-

facture.

According to local tradition, the hishopric of Dumium, neai

Bracra, was transferred to San ilartin de Slondoiiedo (three leagues

from Mondofiedo) in the 8th century ; it was brought to Mondofiedo

itself by Dofia Urraca in the beginning of the 12th century ;.
lor

about sixty years prior to 1233 the see was at Rihadeo. After having
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been '.or nearly a century and a half in the hands of the Moors,

llondonedo was recaptured by Ordono I. in 858 ; and the Christian

possession was made permanent by Alphonso III. in 870. It was

taken by surprise by the French in 1809.

MONDOVt, a city of Italy, in the province of Cuneo,

15 miles east of Cuneo and about 55 west of Genoa by

rail, was formerly the chief town of the Sardinian province

of Mondovi, and between 1560 and 1719 the seat of a

Piedmontese university. The central quarter occupies the

summit of a hill 1670 feet high, and contains the hexa-

gonal piazza, a citadel erected in 1573 by Emanuel Phili-

bert, the cathedral of St Donatus, a spacious episcopal

palace, and the statue of Beccaria, who was a native of

the town. At the foot of the hill along the banks of the

EUero (a tributary of the Po) lie the industrial ana

commercial suburbs of Breo, Borgatto,Pian della Valle,

and Carassone, with their potteries, tanneries, marble-

works, &c. The mansion of Count San Quintino in Plan

della Valle was the seat of the printing-press which from

1472 issued books vrith the imprint ;MonsRegalis; and in

modern times the Ducal press founded by Emanuel Phili-

bert has acquired a great reputation. The population of

the town was 9637 in 1871, with the suburbs 11,958;

that of the commune 17,726 in 1861, and 17,902 in 1881.

Breo is identified with a certain Colonia Bredolensis ; but Mon-
dovi proper—Mons Yici, Mons Regalis (Monteregale), or Vicodunum

—probably did not take its rise till about 1000 A.D. The bishopric

dates from 1388.

MONEY
1. Definition and Functions of Money.—The precise

definition of Money is a question presenting no small

difficulty, and it has been complicated by the attempts of

some writers to define the term so as to lend support to

their favourite theories. The real difiiculties of the subject

are, however, chiefly connected with paper-money, and as

that side of the question has been dealt with in the article

Banking {q-v.) it will here be sufficient to adopt the clear

and careful description of money given by a distinguished

American economist as being "that which passes freely

from hand to hand throughout the community in final dis-

charge of debts and full payment for commodities, being

accepted equally without reference to the character or credit

of the person who offers it and without the intention of the

person who receives it to consume it or enjoy it or apply it

to any other use than in turn to tender it to others in dis-

charge of debts or payment for commodities." ^ In this

passage the essential features of money are plainly set forth,

though, as is frequently the case in economics, particular

cases hard to bring within the description may be found.^

The functions which money discharges in the social

organism are—at least in the opinion of aU writers worth

noticing here—clearly manifest. The most important is

that of facilitating exchanges. It is not necessary to dwell

on the great importance of this office. The mere consider-

ation of industrial organization shows that it is based on

the division of employments ; but the earliest economic

writers saw clearly that division of employments was
rendered ).ossible only by the use of a medium of exchange.

They saw that the result of increasing specialization of

labour was to bring about a state of things in which each

individual produced little or nothing directly adapted to

satisfy hij own wants, and that each one was to live by
exchanging his products for those of others. They saw,

moreover that this was not feasible without some object

which all would be willing to accept for their peculiar pro-

ducts, for otherwise, the difficulty of getting those together

whose wa its were reciprocal would bo a complete hindrance

to the (le-.elopment of exchange, which alone made division

of labour possible. A second function hardly inferior in

importanrB to the one just mentioned is that of affording

a ready means of estimating the comparative value of dif-

ferent commodities. Without some common commodity as

a standard of comparison this would be almost impossible.
" If a tailor had only coats and wanted to buy bread or a
horse, it would be very troublesome to ascertain how much
bread he ought to obtain for a coat or how many coats he

' F. A. Walker, Money, Trade, and Industry, p. 4.

' For further information as to the discussions relative to the proper
definition of " Money," the reader may consult J. S. Mill, Prin. of Pol.
Econ., B. iii. ch. 12, § 7; Jevons, Money, pp. 248 sq.; '&. de
Laveleye, Marchi Monllaire, pp. 226 sq. ; and especially Mr H.
Sidgwick's articls "What is Money?" in the Fortnightly Review
(April 1879), also his Principles of Political Economy, pp. 231 sq.

should give for a horse
; "

' and as the number of com-

modities to be dealt with increased the problem would be-

come harder, " for each commodity would have to be quoted

in terms of every other commodity." Indeed it may be

reasonably maintained that the idea of general value could

not be forined without the existence of money, and all that

is known of savage races tends to bear out this view.* The
adoption of some one commodity renders the comparison

of values easy. "The chosen commodity becomes a common
denominator or common measure of value in terms of which

we estimate the values of all other goods," * and thus money,

which in its primary function renders exchanges possible by

acting as an intermediate term in each exchange, also makes
exchanges easier by making them definite. Another func-

tion of money comes into being with the progress of society.

One of the most distinctive features of advancing civiliza-

tion is the increasing tendency of people to trust each

other. Thus there is a continual increase in relations of

contract, as may be seen by examining the development of

any legal system. Now a contract implies something to

be done in the future, and for estimating the value of that

future act a standard is required ; and here money, which
already acts as a medjr.m of exchange and as a measure of value

at a given time, performs a third function, by affording an
approximate means of estimating the present value of the

future act, and in this respect may be regarded as a standard

of value, cr, if the phrase be preferred, of deferredpayments.^

Some viTiters att.ibute a fourth function to money, inas-

much as they regard it as being a means of easily storing

up value. Doubtless it does supply this need, which is a
specially pressing one in early civilizations owing to the
insecurity which then exists, but with the progress of

settled government the need becomes less extreme. Other
forms of investment grow up, and the habit of hoarding
money becomes unusual. It is therefore better to regard
the functions of money as being only three in number, viz.,

to furnish^(l) the common medium by which exchanges
are rendered possible, (2) the common measure by which
the comparative values of those exchanges are estimated,
and (3) the standard by which future obligations are
determined.

2. CausesivTiich Determine the Value of Money. Quantity
of Money needed hy a Nation.—The problem of the deter-
mining causes of the value of money is a particular case of
the general problem of values, but there are circwnstances
which render the inquiry more than usually complicated.
Before considering these it will be well to deal with a use
of the phrase "value of money" which ias led to much oour

» Mill, Prin., B. iii. ch. 7, § 1.

'

* W. Bagehot, Economic Studies,^^'- •^243. » Jevons, Money, p. 6.
For an ingenious argument against the use of the terms '

' mea.sure
"

ar " standard " of value, see F. A. Walker, Money, pp. 4 sq., 1" and
Klmey, Trade, and Industry, pp. 27 sn., 60 sq. The shorter title ia
uniformly used here for his larger treatise.
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fusion. In mercantile phraseology the value of money
means the interest charged for the use of loanable capital

Thus, when the market rate of interest is high money is

said to be dear, when it is low money is regarded as cheap.

Whatever may be the force of the reasons in favour of this

use, it is only mentioned here for the purpose of excluding

it. For our present subject, " the value of a thing is what

it will exchange for ; the value of money is what money
will exchange for, or its purchasing power. If prices are

low, money will buy much of other thinf^ and is of high

value ; if prices are high, it will buy little of other things,

and is of low value. The value of money is inversely as

general prices, falling as they rise and rising as they falL" ^

Now in the general theory of value it appears that the

proximate condition which determines it is the equatiorr

between supply and demand ; and this is clearly the case

with reference to money. These terms, supply and demand,

.

need, however, some elucidation. Let us consider what is

meant by the supply of, and demand for, money. The
supply of a commodity means the quantity of it which is

offered for sale. But in what shape does the sale of money
take place ? By being offered for goods. " The supply of

money, then, is the quantity of it which people are wanting

to lay out;" or, to put the point more concisely, it is "all

the money in cimilation at the time." Again, to take the

case of demand,—the demand for a commodity is the pur-

chasing power offered for it." Demand in the special case

of money consists of all the goods offered for sale. There

is, however, a peculiar featxire in the case of money which

arises from its position as the mediimi of exchange, viz.,

that money is, so to say, in a " constant state of supply

and demand," since its principal service is to act as the

means of purchasing conmiodities.' From this it follows

that the factors which determine the value of money within

a given time are : (1) the amount of money in circulation,

and (2) the amount of goods to be sold. On closer exami-

nation it will, however, appear that there are other elements

to be taken into account. In the first place, th^ quantity

of money is not by itself the sole element on the supply

side. In some instances a coin will not circulate more
than two or three times in a year, while another coin may
make hundreds of purchases. In determining the value of

money these varying rates of circulation have to be con-

sidered, and by taking an average we may establish the

existence of a fresh element to be estimated, namely, the

average rapidity with which money does its work, or, to

use Mill's expression, "the efficiency of money." On
the side of demand, again, it is not the quantity of commo-
dities that is the determining element, but the amount of

sales, and the same article may, and generally does, pass

through several hands before it reaches the consumer.

From this it follows that (if the consideration of credit in

its various forms be omitted) the value of money is inversely

as its quantity multiplied by its efficiency, the amount
of transactions being assumed to be constant. This formula

requires, however, some further explanations before it can

be accepted as a fuU expression of the truth on the subject.

It must be noticed that it is not commodities only that are

. exchanged for money. Services of all kinds constitute a

large portion of the demand, while the payment of interest

on the various forms of obligation requires a large amount
of the circulating medium. The potent influence of credit

also must be dwelt on. This latter force is the main element

to be considered in deahng with variations of prices ; but

» Sim, Prin., B. iil ch. 8, § 1.

' For a clear statement of this, see J. E. Caimes, Leading PrincipUs,

part i. ch. .2.

' The leading exception to this is in the case of money which is

hoarded for an indefinite period, and is therefore vithdiawn from cir-

culation.

16-26

so far as it is 'basei on a deposit of metaUic money it may
be looked on as a means of increasing the efficiency of

money, and therefore as coming within the formula given

above. In its other aspects it lies outside the range of

this article. Some interesting conclusions may be deduced

from the results we have arrived at. One of these is that

the "increased development of trade," or "expan^on of

commerce," of itself tends to lower not to raise prices

;

for, by increasing the work which money has to do while

the amount remains the same, it raises its value.* Another

consequence is that a large addition may be made to the

money in a country without any effect being product on
prices. This is evident, since money only acts on prices

by being brought into circulation ; therefore, if the money
which is added to the national stock is not used in this

way, prices will remain unaffected.

We have now sufficiently considered the proximate con-

ditions which determine the value of money ; the next step

is to inquire : What is the ultimate regulator of its value ?

The value of freely-produced commodities is—according to

the ordinary theory of economists—determined by their
" cost of production," or, where the article is produced at

different costs, by the cost of production of the most costly

portion. We have now to consider how far this theory

applies to the special case of money. Gold and silver, the

principal materials of money, are the products of mines,

and are produced at different costs ; therefore the cost of

'the part produced at greatest' cost ought to determine their

value. This theory is, however, true only under certain

conditions—namely, that competition is perfectly free, and
that there are accurate data for computing the cost of pro-

duction, and even then it is true only " in the long ran.'

Moreover, cost only operates on value by affecting supply.

"The latent influence," says Mill,* "by which the values

of things are made to conform in the long run to the cost

of production is the variation that would otherwise take

place in the supply of the commodity." From these con-

siderations it follows that cost of production does not so

influentiaJly affect the value of money as some writers have
supposed. In former periods it was a common proceeding

on the part of the state to either restrict or stimulate coin-

age and mining for the precious metals. At all times the

working of gold and silver mines has been rather a hazard-

ous specidation than a legitimate business. " When any
person undertakes to work a new mine in Peru," says Adam
Smith, ^ "he is imiversally looked upon as a man destined

to bankruptcy and ruin, and is upon that account shunned
and avoided by everybody. Mining, it seems, is considered

there in the same light as here, as a lottery, in which
the prizes do not compensate the blanks ; " aad all subse-

quent experience confirms this view. With regard to the

adjustment of supply to meet an altered cost of production,

the difficulties are, if po^ble, still greater. The supply

of money is so large compared with the annnal production,

that any change can operate but slowly on it^ value. The
total stoppage of fresh supphes from the mines would not

be felt for some years in the increased value ; and an in-

creased amount of production, though more rapid in its

operation, takes some time to produce an effect " Hence
the effects of all changes in the conditions of production of

the precious metals are at first, and continue to be for many
years, questions of quantity only, with little reference to

cost of pi-odnction."
' On these grounds it is apparent that

cost of production is not, for short periods, the controlling

force which governs the value of money, and even for long

* This view, which seems to most persins s par&doz, is WfJl put by
.\dam Smith, Wealth of Nations, p. 81 (ed. M^Culloch) j also by X
E. Caimea, Essays on PoUlual Ecoiumy, p. 4.

» Prin., B. iii ch. 3, § 2.

• ir«o7M ofXaiums, p. 78 (ed. U'CnBoch).
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periods the speculative nature of the industries connected

with the prediction of money renders the cost of produc-

tion an element very hard to ascertain. Another considerar

tion which gives a peculiar feature to the problem of money-

^alue is that in the case of other commodities a change in

cost of production affects value without any actual change

in the supply. The knowledge that a commodity can be

produced at a lower cost will cause a reduction in its value.

This is not true of mcmey. Either the quantity or the

etEciency of money must be altered to change its value.

This is, of course, a result of its position as the circulating

medium. When all these circumstances are taken into

account it becomes- clear that the most correct way to

regard the question of money-value is that which looks on

supply and demand, as interpreted above, as the regu-

lator of its value for a limited time, while regarding cost

of production as a force exercising an influence of uncer-

tain amount on its fluctuations during long periods. Where
the coinage of a state is artificially limited, the value of

its money plainly depends on supply and demand as we
have interpreted it.

The nekt question which arises is : What quantity of

money does a nation require 1 What amount of the circu-

lating medium is necessary for the proper working of the

indiistrial organism ? To this puzzling problem the earlier

economists gave answers in the shajje of definite formulae.

Thus, Sir W. Petty was of opinion that the amount of coin

required by a country was one-half the rent of land, one-

fourth the amotmt of building rent, and one fifty-second

part of the annual wages of labour. Locke's view was that

one-fiftieth of labourers' wages, one-fourth landowners'

revenue, and one-twentieth of traders' yearly returns, was
the proper amount. Modern statisticians, however, though

having command of. much greater resources, decline to

attempt a quantitative answer, and content themselves

with indicating the conditions which the problem involves.

In- fact we must first examine the work which money has

to perform, and this depends on several conditions. The
first of these is the population ; cseieris paribtis, twice as

many people will want twice as much money. The second

is the amount of transactions ; for, if the amount of busi-

ness done is doubled, the amount of money must be also

doubled, urdess at the same time some improvement in credit

is introduced. The eSiciency of money is a third element

which affects the quantity needed, and this is largely

dependent on the habits of the people and the facilities for

communication. Other elements which can be- only briefly

indicated are—" the degree in which credit exists between

man and man ; the amount of travelling which takes place

;

and the commercial andbankingorganizationwhich exists." ^

Another factor which requires to be estimated is the extent

to which habits of hoarding exist ; for all money hoarded

13 withdrawn from- circulation, and therefore increases the

total amount needed. The habits of sa-ving in the rural

districts of France remarkably exemplify this element in

the question. Again, the existence of barter does away
with the use of so much money as would be required to

carry on the exchanges effected by barter. The custom
of paying wages in kind has a similar effect. This bare

statement shows how insoluble the question is. When we
contemplate the matter from an international point of

view, the amount needed, after allowance is made for the

cost of transporting goods, is plainly that which will keep

a country's prices at a level -with those, of. the countries

with which it has commercial relations.^ For otherwise

the country would have an excess either of importation or

of exportation, which would necessitate a flow of money to

the country whose prices were lower than the general level.

< F. A. Walker, Money, p. 73. = lb.,.j>.57.

This, then, is the condition which determines comparative

prices between different countries ; and, prices being bo

determined, the quantity of money needed to keep up those

prices depends on the conditions above indicated. In the

case of England reliable statistics tend to show that the

gold in circulation was, in 1872, about XI 05,000,000, and

the note circulation £43,000,000. In any Continental

country the amount would probably be proportionally much
greater, owing to the fact that there is in England a greater

development of credit.

3. Uarly Foi-ms of Currency.—Up to the present we have
considered money as being fully established and properly

adapted to fulfil its various functions. We have now to

trace the steps by which a suitable system of currency was

evolved from a state of barter. It is important for a right

understanding of the question to grasp the fact that ex-

changes took place originally between groups, and not

between individuals. This explains the slow growth of

exchanges, as each group produced most of the articles

necessary for itself, and suck acts of barter as took place

were rather reciprocal presents than mercantile exchanges.

Such is actually the case at present among modem savages.

" It is instructive to see trade in its lowest form among
such tribes as the Australians. The tough greenstone

valuable for making hatchets is carried hundreds of miles

by natives, who receive from other tribes in return the

prized products of their districts, such as red ochre to paint

their bodies -with ; they have even got so far as to let

peaceful traders pass unharmed through tribes at war, so

that trains of youths might be met, each lad with a slab of

sandstone on his head to be carried to his distant home
and shaped into a seed-crusher. When strangers visit a
tribe they are received at a friendly gathering or cor-

robboree, and presents are given on both sides. No doubt
there is a general sense that the gifts are to be fair

exchanges, and if either side is not satisfied there -will be
grumbling and quarrelling ; but in this roughest kind of

barter we do not yet find that clear notion of a unit of

value which is the great step in trading." ^ This vivid

description of what is going on at present among lower

races enables us to realize the way in which money came
into existence. When any commodity becomes an object

of desire, not merely from its use to the persons desiring it,

but from their wanting it as being readily exchangeable

for other things, then that article may be regarded as rudi-

mentary money. Thus the greenstone and ochre are on
their way to being promoted to the position of currency,

and the idea of a " unit of value " is aU that is needed to

complete the invention. " This higher stage is found among
the Indians of British Columbia, whose strings of haiqua-

shells worn as ornamental borders to their dresses serve

them also as currency to trade -with,—a string of ordinary

quality being reckoned as worth one beaver's skin." * These
shells, therefore, are in reality money, inasmuch as they
discharge its functions.

Oa a re-view of existing savage tribes and annient races of more
or less civilisation we are sui-piised at the great variety of objects
which have been used to supply the need of a circulating medium.
Skins, for instance, seem to be one of the earliest foi-ms of money.
They are to be found at present among the Indians of Alaska' dis-

charging this service, while accounts of leather money seem to show
that their use was formerly more general. As the hunting stage
gives place to the pastoral, and animals become domesticated, the
animal itself, instead of its skin, becomes the principal form of cur-
rency. There is a great mass of evidence to show that, in the most
distant regions and at very different times, cattle formed a currency
for pastoral and (sarly agricultural nations. Alike among existing
barbarous tribes and in the survivals discovered among classical

nations, sheep and oxen both appear as units of value. Thus we
find that at Rome, and through the Italian tribes generally, "oxen
and sheep formed the oldest medium of exchange, ten sheep being

' E. B. Tylor, Anthropolocjij, pp. 281-282.
* Tylor, loc. cii. » Whyniper, Alaska, p. 285
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reckoned equivalent to one ex. The recognition of these objects. as

jmiversal legal representatives of value, or, in othei.words, as money,
may be traced back to the epoch of a purely pastoral economy. "

'

The Icelandic law bears witness to a similar state of things ; while

the various fines in the different Teutonic codes are estimated in

cattle. The Latin word pecunia (pecus) is an evidence of the earliest

Koman money being composed of cattle. The EngUsh/e« and the

famous term feudal^ according to its most probable etymology, are

derived from the same root. IJi a well-known passage of the Iliad ^

ths value of two different sets of armour is estimated in terms of

oxen. The Irish law tracts bear evidence as tp the use of cattle as

one of the measures of value in early Irish civilization.^ Within
the last few years it has been prominently brought before the public

that oxeil form the principal wealth and .the circulating medium
among the Zulus and Kaffres. On the testimony of an eye-witness

we are assured that, "as cattle constitute the sole wealth of the

people, so they are their only medium of such transactions as involve

exchange, pajTnent, or reward."* We find that cattle-rents arS

paid by the pastoral Indian tribes to the United States Government.'
From the prominence of slavery in early societies it is. natural to

suppose that slaves would be adopted as a medium of exchange, and
one of the measures of value in the Irish law tracts, cumhal, is said

to have originally meant a female slave. They are at present applied

to this purpose iil Central Africa, and ako in New Guinea. On
passing to the agricultural stage a greater ;iumber of objects- are

found capable of being applied to currency purposes. Among these

are corn—used even at present in Norway—maize, olivd oil, cocoa-

nuts, and tea. The most remarkable instance of an agricultural

product being used as currency is to be found in the case of tobacco,

whiph was adopted as legal tender by the English colonists in North
America. Another class of articles used for money consists of

ornaments, which among all uncivilized tribes serve this purpose.

The haiqua-shells mentioned before are an instance, cowries in

India, whales' teeth among the Fijians, red feathers among some
South. Sea Island tribes, and finally, any attractive kinds of_ stone

which can.be easily worked. Mineral products, so far as tfiey do
not come under the preceding head, furnish another class. Thus
Bait was used in Abyssinia and Mexico, whUe the metals=—a pheno-
menon which will require a .more careful examination—have sue*

ceeded in finaDy dtiving'all their inferior competitors out of the
field, and have become the sole substances' for money at present.

4. Metallic . Forms of Money. 'Their Superiority over

other Substances. Special Adoantages of Silver and Gold.—
The use of metals as a form of money can be traced far back
in the history of civilization, but, as, it is not possible to

ascertain the historical order of their respective adoptions

for this purpose, we will take them in the order of their

value, beginning with the lowest. Iron, judging from the

statement of Aristotle, was extensively employed as currency.
One remarkable instance of this- which at once occurs to the

mind is the Spartan money, which is clearly a survival of

the older system that had died out among the other Greeks,

though by modern writers it has been attributed to ascetic

policy. In conjunction with copper, iron formed an early

Chinese currency, and till recently it was a subsidiary

coinage in Japan. Iron spikes are used in Central Africa,

while Adam Smith notices the use of nails for money in

Scotland.* • Lead has also' served as money, as it does at

present in Burmah. Copper has been more widely employed
than either of the previously-mentioned metals. Its use in

China as a parallel standard •with iron has just been men-
tioned. The early Hebrew coins were chiefly composed of

it, while down to 269 b.c. the sole Eoman coinage was
an alloy of copper. Till a very recent period it formed the
principal moneyof some poorer European states (as Sweden),
and was the subsidiary coinage of the United Kingdom till

the present bronze fractional currency was introduced. Tin
was not so favotirite a material for money as copper, but
the early English coinages were composed of it, probably on
account of the fertile tin mines of Cornwall, and in later

times halfpence and farthings of tin have been struck. The

' Mommsen, Bist. of Rome (Eng. trans.), i. p. 203.
' The episode between Diomede and Glaucns in the 6th book.
'' Maiae, Early Bislonj of Institutions, Lect. vi. ; Brehon Law

Tracts (ed. Iry Drs Hancock and Eichey).
' Kev. H. Dugmore, quoted by Maine, op. at., p. 143.
' F. A. Walker, Money, Trade, and Industry, p. 22.
• Wealth ofKations, p. 11.

next metal which comes into notice is silver, which up fo

the last few years was the principal form of money; and

even stiU is able to dispute the field with its most formidable

rival It formed the main basis of Greek corns, and was

introduced at Rome In 269 B.C.. The medtseval'moYieywas

principally composed of silver, and its position in recent

times will have to be subsequen'tly noticed rnore at length.

Gold, "which is the most valuable of the metals widely used

for monetary purposes, has been steadily gain ing ground

with the growth of commerce. The earliest trace of its use

in common with that of silver is to be found " in the pictures

of the ancient Egyptians weighing in scales heaps of rings

of gold and silver." ' The only other metals used for money
—platinunt and nickel—may be easily disposed of. The
former of these was coined for a short time by the Russian

Government, and then given up as unsuitable. The latter

is only used as an alloy.

The examination of .the forms of currency, both metallic

and rion-metaUic, in which we .have been engaged leads to

certain, definite conclusions as to' the- coulrse which the

evolution of currency is pursuing. It- appears (1) that the

metals tend to supersede all other forms of money among
progressive peoples, and (2) that certain metals tend to

supersede the others. From this we are led to consider the

qualities which are desirable in the material of money, and
to conclude that the presence or absence of .those qualities

is the reason of the adoption or rejection of any given

substance.

(1) In the first place, it is necessary that the material ot

money should be desirable, or, in other words, possess value y

and to this condition all the commodities 'we have reviewed

conform, for otherwise they would never have attained the

position of being a medium of exchange. This quality,

then, is not the reason for the preference of some forms over

others. (2) The second requisite clearly is that the value

of the article shall be high in proportion to its weight or

bulk, or, to put the same truth in another way, it is requisite

that it shall be portable. Want of this quality has been a
•fatal obstacle to many early forms of money retaining their

place. Skins, com, and tobacco were found very difficult

to transfer from place to place. Iron and copper too
sufiered from the same defect, while sheep and oxen, thougli

moving themselves, were expensive to transfer. ' (3) It is

further desirable that the material of money shall be the
same throughout, and that one imit shall be equal in value
to another. This is a reason for rejecting the 'widespread

currency composed of cattle, as the difi'erence between one
and another head is of course often considerable. The
metals possess a particular advantage in this respect, as,

after being refined, they are abnost exactly homogeneous.

(4) A fourth requisite is that the substance used as money
can without damage be divided and, if needed, united again;

here also the desired quality is peculiarly-possessed by the
metals, as they are easily fusible, while skins or precious

stones sufi'er greatly in value by division, and it need hardly
be added that the same is the case with regard to animals.

(5) Money must also be durable. This at once removes
from the articles suitable for money all animal and many
vegetable substances. Eggs or oil will not keep, and conse-

quently soon lose their value. Iron, too, is liable to rust,

which, combined with its low value, is a reason for its dis-

use as currency. (6) Money should be easily distinguishable,

and there should be no trouble m ascertaining its value.

This condition is one of the reasons why precious stones

have never been much used as money, their value being hard
to estimate. The same objection applies to most non-
metaUio currencies, and is only obviated even in' their case

by the process of assaying. (7) The last condition which

Tylor, p. 283.
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appears desirable for the money material is, that its value

shall be steady. This, however, is of but slight importance

in early societies, and it is only as deferred payments become

a prominent feature of industrial Life that this requisite is

much needed. It is enough for the other purposes of money
that it shall not vary within short periods, which is found

to be a feature of metals, and especially of silver and gold,

while corn especially varies widely in value from season to

season. From the foregoicg examination of the requisites

desirable in the material of money it is easy to deduce the

empirical laws which the history of money discloses, since

metals, as compared with non-metallic substances, evidently

possess those requisites in a great degree. They are all

durable, homogeneous, divisible, and recognizable, and in

virtue of these superior advantages they are the only

substances now used for money by advanced nations. Nor
is the case different when the decision has to be made
between the different metals. Iron has been rejected

because of its low value and its liability to rust, lead from

its extreme softness, and tin from its tendency to break.

Both these metals, as well as copper also, are unsuitable

from their low value, which hinders their speedy transmission

BO as to adjust inequalities of local prices.

The elimination of these metals leaves silver and gold as

the only suitable materials for forming the principal currency.

Of lata years there has been a movement towards the

adoption of the latter as the sole monetary standard, silver

being regarded as suitable only for a subsidiary coinage.

Indeed this question, which is reserved for subsequent

discussion, may be regarded as the principal matter of

controversy in the field of metallic currency. The special

features of gold and silver which render them the most

eidtable materials for currency may here be noted. " The

value of these metals changes only by slow degrees ; they

are readily divisible into any number of parts which may
be reunited by means of fusion without loss ; they do

not deteriorate by being kept ; their firm and compact

texture makes them difficult to wear ; their cost of pro-

duction, especially of gold, is so considerable that they

possess great value in small bulk, and can of course be

transported with comparative facility ; and their identity

is perfect."* The possession by both these metals of all

the qualities needed in money is more briefly but forcibly

put by CSintillon when he says that " gold and silver alone

are of small volume, of equal goodness, easy of transport,

divisible without loss, easily guarded, beautiful and brilliant,

and durable almost to eternity."^ This view has even been

pushed to an extreme form in the proposition of Turgot,

that they became universal money by the nature and force

of things, independently of all convention and law, from

which the deduction has been drawn that to proscribe sUver

by law is a violation of the nature of things.^

5. Coinage: its Advantages, and the Pi-incipal Qwstions

connected therewith.—The development of monetary systems

has now been traced down to the establishment of metaCic

currencies. These, in the early stages of their existence,

passed by weight. The Hebrew records bear witness to

this fact, as also do the Greek ^Titers. Aristotle, for ex-

ample, after indicating the circumstances which led to the

invention of currency, proceeds to point out that it was

"afterwards determined in value by men putting a stamp

npon it, in order that it may save them from the trouble

of weighing it."* There are two distinct stages in the

' Ency. Brit. (Sth ed. ), art. "Money,'" vol. xv. p. 417.

> W S. Jevons in the Con<em;70rary ^ei-ie'U', JnT:uary 1881. See also

Lord Liverpool, Coins of the Realm (Bank of England reprint), p. 10.

> See Cairnes, Logical Method of Pol. Econ., p. 131, note
; and for

an application of the argument to Bimetallism, see E. do Laveleye,

Fort. Rev., July 1881.
* Pol. L 9 8. The whole passage is worthy of quotation, as

showing how clearly Aristotle conceived the primary function of

introduction of coining. In the first, only the quality or

fineness of the metal is denoted by the stamp, no attempt

being made to fix the weight. In other words, the stamp

acts as a kind of hall-mark. The Chinese cubes of gold

may have been the earliest money. Herodotus attributes

the first use of coined gold and silver to the Lydians,* while

in another passage he mentions that the first Greek coinage

was at yEgina, by Pheidon of Argos.' The second step

was to certify the weight as well as the fineness of the

metal, thus completing the invention. The necessity of

preventing any interference with the coin after it> had been

stamped led to the adoption of a regular form, and, though

hexagonal or octagonal coins are to be found, the received

shape of a coin is that of a flat circle, each side of which is

stamped, as well as in many cases the edge. By this con-

trivance all persons into whose hands the coin came had a

guarantee as to its quality and quantity, and we may reason-

ably infer that the great improvement In coinage among
the Grecian colonies was the efl'ect, and also in some degree

the cause, of the expansion of their commerce in the 6th

century B.C. From Greece the art of coining spread to

Italy, being introduced by the Greek colonists in Lower

Italy. Since then coinage as an art has always existed in

the more advanced societies. The progress of invention,

however, does not end with the introduction of the art of

coining, since a number of practical questions arise with

reference to the best system to be adopted, which for a

protracted period present great difficulties to those who are

called upon to solve them. One of these, before touched

on, is : What is the best shape for coins ? The answer has

finally been in favour of the circular, but square and oblong

pieces are also to be fotmd.' Closely allied with this is

the question of the most suitable limits of size. The in-

ferior limit is plainly fixed by the convenience of those

using the coins. They ought not to be so small " that

they can be easily lost, or can with difficulty be picked

up." * Instances of violations of this principle occur in the

case of the English threepenny piece and the American
one-dollar gold piece. The superior limit is a more difficvdt

point. Its determination turns partly on the difficidty of

coining large pieces, and partly on the facilities which such

large coins as the American gold double-eagle give for im-

proper treatment. It is an easy process to drill holes,

which can be concealed by hammering, while in some cases

the coin has been sawn in two, and the interior gold

removed, the outside surfaces being soldered together, while

platinum is put in the midst to maintain the weight. As
a general rule it may be laid down that no gold coin much
larger than the English sovereign, or silver one at all larger

than the half-crown, should be issued. Another considera-

tion to be borne in mind when determining the proper
size of coins is the relative amoimt of wear which takes

place. Experience proves that large coins are less Worn
than small ones. " According to experiments made at the

mint in 1833, the loss per cent, per anntmi on half-crowns

is about 2s. 6d., on shillings, 4s., and on sixpences, 7s. 6d."
This restilt has been confirmed by other inquiries. From
this it follows that the larger coins are less expensive, but
their size is limited by the fear of their being tampered
with. Again, the character of the stamp to be impressed

money : 5i6 Trpbs rds dWa^ds to(ol)t6*' ri ovvidevro irpis <T^ds

Xfieiar (CpLeTuxflpinr'ov irp6s ri fqv, ofoi/ aiSripos sa! ifryvpm, »S» tin
Toiovrov ^Tepov, rb p.h irpCiTov ojtXJjs bpiddiv i^^'yidu kuI arafffjn^^ -ri

5^ TtXevTacof xal xopafT-^pa iiri^aWdpruiy, lya diroXOa^ rijs /ierpj^trcojt

' Herodotus, i. 94.

' /J., vi. 127. See also for a discussion of Pheidon's coinage,
Grote, Ilisl. of Greece, ii. pp. 319 sq. (c'abinet ed.).

' An instance of the latter is the itzibu of the Japanese coinage,
which is an oblong flat piece of silver.

* Jevons, Money, p. 165.
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is a matter requiring much care. The objects aimed at

in imposing the stamp are (1) to prevent the coin being

counterfeited, and (2) to prevent any of the metal being

abstracted. The former of these objects can be best at-

tained by making the device such as can be obtained only

by povperful and expensive machinery. The most improved

methods must be adopted, and the greatest pains taken to-

have the device perfectly executed. The latest improve-

ment in the process of coining is the introduction of the

knee-joint press. The latter difficulty is best obviated by

using special care iu marking the edges of the coins. Ancient

coins were issued with unstamped edges which presented

no impediment to clipping, but modern coins, at least those

of any size, are protected iDy the edge being milled or by a

legend being inscribed roimd it. The combination of milled

edges with a raised legend v/ould be a still more effectual

means of protecting the coinage from interference.

Another matter of importance in the process of coining

is the nature and proportion of alloy to be used. The
necessity for some mixture arises from the fact that gold

and silver are both naturally soft, and, to obviate this, cop-

per has been mixed with them, so as to produce a harder

substance. The Austrian ducat is the nearest approach to

purity among the principal coins of Europe, being com-

posed of seventy-one parts of pure gold to one of alloy.

The English gold coins are eleven-twelfths pure gold, while

the silver ones are thirty-seven-fortieths pure silver. The
origin of the difference is purely historicaL The general

gold proportion is nine-tenths gold to one-tenth alloy, while

in some coinages the proportion of silver to alloy is nearly

five to one, the countries composing the Latin Union
having adopted that proportion in order to reduce their

smaller silver coins to tokens. Copper is the usual material

for alloying, but the Melbourne mint used silver for some
time. It is this silvery alloy that accounts for the yellow

appearance of many Australian sovereigns. They, however,

are rapidly disappearing, as it is profitable to melt them
down It has been mentioned above that the wear of

small Coins is greater than that of large ones, and it

may be added here that the wear of coins in general is an
important question in connexion with their legal circula-

tion. The English sovereign is believed to remain above

the least current weight for from fifteen to twenty years.

For the technical processes of coining, &c., reference may be

made to the article Mint.
The next topic to be considered is : Who should issue

money? In the earlier stages of currency the question

was not so prominent, but the establishment of coining

brought it forward. In Greece each city being autono-

mous claimed and exercised the right of freely coining as it

desired, the coins t)eing, of course, received in other cities

only at their real value. The consequences of this system

were generally beneficial. The Greek coins were usually

op to their nominal value, as debased coinage was unable

to circulate beyond the place of issae, and therefore ex-

tremely inconvenient to the members of the state issuing

it.* Under the Roman republic private persons were

probably allowed to bring metal to be coined, though the

coins seem generally to have had the name of one of the

consuls for the year on them. Under the empire the

doctrine became established that the right of coining be-

longed exclusively to the emperor, and till the fall of the

Western empire thi? was acted on. After the establish-

ment of the various barbarian kingdoms, each sovereign

assumed the privilege of coining, a right which in France

was extended to or rather usurped by the principal nobles.-

la England the king alone coined silver.^ At present the

* See Lenonnant, Contemp. fi.ev., February 1879.
> Hallam, Middle Ages, L pp. 205-206.
• Lord Liverpool, Coins of the Jieafffi, ch. v.

control of the operations ot the mint is completely in tJie

hands of the executive ; and, until recently, no queslio! on

theoretical grounds as to the propriety of this method has

ever been raised.^

In close connexion with the right of coining comes

the consideration as to the proper persons to bear tho

expense of the process. At first sight the answer seem.-

plain enougL • Coins are a mannfaotured article quite

as much as plate, and are rendered more valuable by

being assayed, weighed, and certified. It appears there

fore quite proper that those who bring metal to be

coined should bear the expense of the coinage, or, in

other words, should give up a part of the metal to the

mint, thus paying for the service rendered to them in the

same manner as those sending letters pay the poalJ de-

partment for their transmission. This course has been

usually adopted. England, however, has taken a difll'erent

line. In order to encourage the coining of the preciom

metals, no charge was made at the mmt beyond that in

volved in the necessary delay in the opera tion , and this La

at present the case with gold. Though this arrangement

was originally introduced in obedience to the prejudiced of

the mercantile system which regarded gold and silver ao

being peculiarly wealth, it may be defended on reasonaLlp

grounds: for (1) the expense of the mint is very small

compared with the amount of com turned out, and (2) th»

coins produced are used by the nation, and therefore their

expense may quite fairly be defrayed from the national

revenue. Again, as the profit on the silver coinage (owing

to circumstances to be subsequently discussed) is large,

that may be set off against the free coinage of gold. The
charge levied on coining, if confined to the expenses in-

curred, is called brassage ; if it is anything above that cost

it is known as seigniorage, which latter term is also used

to denote both kinds of charge. The effect of seigniorage

(using the term in its more extended sense) on the value

of coins is to lower them, in fact, as Tooke has put it,

seigniorage is always a kind of debasement, unless accom-

panied with limitation.* If the same quantity of metal be

in circulation there will be a greater number of coins, and
therefore nominal prices will be higher. It is, however,

possible that the increased prices may check the produc-

tion of the precious metals, thus making the value of the

metal higher than it would otherwise be. Whether this

will happen or not depends on the actual conditions of

production, and is incapable of being predicted. One
advantage which undoubte'dly results from a charge on
coinage is that it checks the tendency to nielt coin when
exported, for where a seigniorage is imposed coins are

more valuable than the uncoined metal by the amount of

the seigniorage. It therefore becomes the interest of the

holder not to melt down the coins, as in doing so he loses

the extra value given by the coining. Another factor in

the expense of currency is the loss which arises from the

wear and tear which money undergoes, and the consequent

cost of replacing the light or missing pieces. The last ami
largest item is the interest on the total amount of money in

use. To take the case of England, the value of the metallic

currency is estimated at about £ 1 30,000,000. The interes*;

* " We may take as an example the function (which is a monopoly
too) of coining money. , . . No oae, even of those most jealous of state

interference, has objected to this as an improper exercise of the powers

of government. " Mill, Princ, B. v. ch. 1, § 2. But see, for objections,

H. Spencer, Social Statics, pp. 400-402, and J, L. Shadwell, System oj

Pol. Econ., p. 264.
' Tooke, Hist, of Prices, i. 121 sq. It is impossible, however, to

agree with Tooke that uncoined bullion would be higher iu value

thjin coin when a seigniorage is charged on the latter. He seems to

ignore the fact that the value of the precious metals is partly depend-
ent on their use as currency, and that the seigniorage represents a

tax levied on the extra value resulting from the use of the metal as

money.
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on this at 5 per cent, wouldamount to £6,500,000. This ap-

parently heavy charge is justified by the fact that it is desir-

able to have a currency possessing, or at least based on, value.

The expense of a metallic currency is, however, combined

with its weight, a strong reason for the great developments

of representative money and credit in modern times, -with

the result that gold and silver are hardly ever used in large

domestic transactions, all such payments being made by

cheques, which are cleared off against one another. For a

full account of the modern organization of credit, see the

article B.\nking.

6. Historical Outline of Depreciations.—The earliest sys-

tems of currency whose progressive debasements it is possible

in any degree to trace are those of the various Greek states,

though even here many details remain in obscurity. The

lloman currency system is comparatively better known

;

while for the medieval currencies from the time of Charle-

magne (800 A.D.) elaborate materials are available, which

naturally increase ia bulk and precision as we approach

more modern times. The general treatment of the history

of coins belongs to Numismatics (?.«.); but the history

of monetary depreciations is important in connexion with

the theory of money as illustrating the value of sound

economic knowledge.

Until coinage became a state function a continued debase-

ment was impossible, since it was open to any one to refuse

the money offered in payment if it was not up to the proper

s-tandard. When, however, coinage became a function of

government strong motives for debasement soon presented

themselves. (1) The cost of coinage falling on the state,

and being generally defrayed by a seigniorage, led to the

idea that this seigniorage could be made more profitable

by making it larger, while the existence of any deduction

reiled the injustice of a charge exceeding the expense

incurred in the operation of coining. (2) The position of

most Governments was that of debtors, and as a debasement

favoured all debtors at the expense of all creditors it was

only natural that rulers, ignorant of the ultimately ruinous

effects of a series of debasements, should seek to relieve

themselves without exciting the odium incurred by the levy

of heavy taxes. A more pressing case than the foregoing,

and one where more justification exists, is that of a severe

social crisis, when large numbers of the community are

burdened with debt, and a depreciation of the monetary

standard seems the simplest mode of escaping from so

critical a situation. \V'hateVer may be the inducements

to enter on the perilous course of tampering with the

monetary standard, a long experience has incontestably

proved its disastrous effects. One'of the great causes of
the weakness of France during the " hundred years' war "

was the extremely debased state of its currency, and the

dread of further reductions in the value of the coins.'

Lord Macaulay has given a graphic picture of the evils

which England suffered from its depreciated silver currency

towards the end of the 17th century.^ And a debasement
brought about by design possesses a further element of evil

by creating a belief that similar devices will soon be again

resorted to. So manifest are the evils that result from
debasement that it may be reasonably hoped that all civil-

ized Governments have abandoned the practice for ever;

though, unfortunately, similar bad effects are produced by
the over-issue of inconvertible paper currencies, and tliis is

still an e.xpedient adopted under the pressure of difficulties.

" It is proper to observe that coins may be debased in

three different ways—(1) by diminisning the quantity or

weight of the metal of a certain standard of which any coin

of a given denomination is made
; (2) by raising the

nominal value of coins of a given weight and made of a

' J. E. T. Rogers, U'slorkal Gleanings, i. p. 97,
" nist. of En J., sK xii.

metal of a certain standard, that is, by making them current

or legal tender at a higher rate than that at which they

passed before
; (3) by lowering the standard or fineness of

the metal of which coins of a given weight and denomina-

tion are made, that is, by diminishing the quantity of pure

metal and proportionally increasing the quantity of alloy." ^

The last of these methods is the most dangerous, since the

detection of it is more difficult, as it is so much easier to

discover the weight than the fineness of the metal in a coin
;

but all of them produce the same results and are adopted

for the same reasons.

Greek Depreciations.—The first debasement of coinage known to us

on good evidence is that of the Athenian coinage by Solon in 594 B.C.*

In order to obviate the severe distress of that period in Attica, he

reduced the (quantity of silver in the coins more than 25 per cent., so

that 138 new dracAmm (the standard Athenian coin) were only equiva-

lent to 100 pieces of the older coinage. This proceeding was perhaps

justilied by the critical state of things previously existing, and was a

decided success. It is probable that another debasemeut of the

gold coinage took place at Athens in 408 B.C. during the strain ol

the Peloponnesian War, though doubts have been cast on the realitj

of this debasement." It may, however, be said that generally ths

Greek cities fairly maintained the standard of money, though some

states were notorious for dishonesty in this respect. The existence

of an electrum, coinage is no proof of a tendency to debasement,

since it was regarded as a separate substance, and issued at its cost

value, allowing for the expense of coining. As remarked before, this

comparative honesty in relatjon to the coinage may be partly

explained by the small extent of the Gieik states, so that a debased

coinage was unable to circulate beyond the boundaries of the

issuing state.
' The keen perceptions of the more advanced Greek

thinkers and their teachings on this subject may have also con-

tributed to the same result."

lloman Depreciations.—The earliest Roman coinage was com-
posed of an alloy of copper (ms), and this continued unaltered

up to the time of the First Punic War. Silver was introduced in

269 B.C., the proportion between it and the older ?opper being

fixed at 250:1.' The copper currency was first debased during the

Punic wars at the most critical period of the Hannibalic mva-
sion— "the Romans had debased the silver and copper coin, raised

the legal value of the silver currency more than a third, and issued

a gold coinage far above the value of the metal."* Soon after this

period the copper money, whose successive debasements are recorded

by Pliny,' seems to have been reduced to the position of a sub-

sidiary currency, so that it is noi really a case of debasement of

the standard. The silver denarius which at first was ^i of a

Roman pound, had been debased to -^th of a pound. In 91 B.c.

a number of plated denarii were issued at the rate of one for every

seven silver pieces issued. This proceeding, which was simply for

political purposes, was proposed by Drusus, but in 84 B.C. a proposal

for calling in these plated pieces was passed, and was extremely

popular. It is probable that a slight debasement took place under
Sulla, and one of the Cornelian laws seems to state the so-called

Jiat theory of money." The denarius was lowered under Nero to

5*3 th of a pound, while the later period of the empire is a scene of

continual tampering with the currency. The gold aureus was at

first ^jth of a pound, but at the time of Augustus it was only -^th,

while under Constautine it had come to be only -fyd. The com-
parison of Hellenic with Roman monetary history seems to show
that a considerable number of small states, all issuing coin?, are

' less likely to meddle with the standard than the mint of a single

large empire. It also proves the value of an acquaintance with
monetary theory, if we can judge by contrasting the views of the
Greek thinkers with those of the Roman lawyers." A few words of

caution may here be added against the danger of a careless com-
parison of values, as expressed in ancient or even media;val money
w-ith those of modern times. It is extremely hard to accept the

' Lord Liverpool, Coins of the Jiealm, p. 37.
* Grotc, Hist. ofOreeee, part ii. ch. IL
' lb., vol. iii. p. IIG, note 1.

' For a full discussion of this point, see Lenormant in Coniemji.

Rev., February 1879.
' Moramseu, Ilist. of Rom. (Eng. trans.), i. p. 458.
« Ii., ii. p. 173.
» H.Jf., xxxiii. ch. 13.
" Mommsen, iii. pp. 413-414 ; Lenormant, op. cit.

*' Compare, for instance, the passage previously cited from Aristotle

with the following :
— "Quia non semper nee facile concurrebat ut, cifm

tu baberes quod ego desiderureni, invicem haberem quod tu acciparo

velles, electa materia est cujus publica ac perpetua sestimatiu dlfflcul-

tatibi's peruiutationum jequalitate quantitatis subveniret ; eaqu«

materia forma publica pervussa usura dorainiumque non tam ex

substantia praebet quam ex quantitate."—Paulus, Dig., xviii. 1, 1.
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prices given ty any ancient Tn'iter^ since tae varying factors neces-

sary to be estimated are so many, viz., (1) the weight of the coin,

(2) its purity, (3) the value of the monetary metal at the time,

(4) the value of the commodity sold in relation to other things,

(5) the question whether the commodity was in its normal state as

regards supply and demand ; to all these may be added (6) the

difficulty of determining whether the figures have not been altered.^

After the fall of the Western empire, the various barbarian sove-

reigns adopted silver as their principal coinage, combined with

the greatest diversity in the systems adopted. On the revival of

tlio empire under Charlemagne an effort was made by him to estab-

lish a general system of currency, based on the silver pound as a

unit, and thus corresponding to the unit of weight. This system

was introduced into England, and thence into Scotland, but the

rapid decay of the Carlovingian empire prevented any uniformity

being preserved in these dBerent countries, while the diiferent

debasements in each produced widely divergent systems, which
will reciuire separate notice.

English Depreciations.—The first debasement undergone by the

English silver coinage was in 1300, when Edward I. reduced the

amount of metal in the coins by 1J4 per cent., or, in other words,

20 shillings and 3 pence were coined out of the Tower pound
instead of 20 shillings as previously." This was the prelude to a
scries of changes which were carried out during the nest three cen-

turies, and which terminated in 1600, when the pound troy of

silver was coined into 62 shillings ; since that time the silver coinage

has not been debased, the reduction carried out in 1816, by which
66 shillings were coined from the troy pound, being accompanied
by a limitation of its use in discharging debts to a maximum
amount of £2, as well as by the abolition of the public right of

coining silver at the mint. The period extending from 34th Henry
VIII. to 6th Edward VI. (1543-1552) has been specially noted by
Lord Liverpool as a time of peculiar interference with the fineness

of the metal.' The old proportion of 11 oz. 2 dwts. of metal to

18 dwtsi of alloy, was altered to 10 oz. of metal per pound, then
to 6 oz. or one.-half, 4 oz. or one-third, and finally in 1551 to 3
oz. of pure metal and 9 oz. of alloy. A tendency to reformation
began under Edward VI. , and was finally carried out under Eliza-

beth in the recoinage of 1560, which has been fully described by
Mr Froude.* Various proposals to depreciate the silver currency
have been made since then, and one of these, as above mentioned,
was accepted in 1600. The most remarkable of the unsuccessful
schemes for debasing the standard was that of Lowndes, which
wa^ advanced in 1695, when the discussions preparatory to the
recoinage of 1696 were being carried on. Lowndes's plan was to
coin the pound troy of standard sUver into 77s. 6d., thus debas-
ing it 25 per cent. He was resisted by Locke, who, in his Further
Considerations concerning Raising the Value of MoncT/^ contri-
buted materially to the development of monetary theory ; and
the recoinage was, mainly in consequence of bis efi'orts, in combina-
tion with those of Newton and Montague, based on thoroughly
sound principles.'' The first English gold coinage, so far as has
been clearly proved, was that of 1257, in the reign of Henry III.,
when a small number of gold pennies were coined at the ratio of
10 to 1 to the existing silver coins. Previously to this date the
need of gold for business transactions could no"t have been felt, as
the commerce of the country was necessarily limited. It is prob-
able that for the few transactions of foreign trade a species of
gold coins issued by the Greek emperors at Constantinople, and
thence called byzants, were used.^ Another gold coin, known as a
florence, from the place where it was first coined, was also used
after 1250. The regular series of English gold coinage begins in
1344, when Edward III. coined, in imitation of the foreign coin
just mentioned, a large number of florins at the rate of 60 to the
Tower pound. The gold coinage was, however, for a long period a
secondary part of the monetary system, and suffered a series of
changes, the last of which took place in HI?.' The present English
coinage system is regulated by the Coinage Act of 1870,8 which
amends and consolidates previous Acts on the subject. The schedule
to that Act, which is reproduced at p. 484 of the present volume,
gives full information as to existing coins, their weight, fineness,
"remedy," &c.

Scotch Depreciations.—The coinage of Scotland was derived from
the primitive Carlovingian system through the medium of England,
and for a long period remained the same as at first. The pressure

1 As to the varioua elements requisite for a proper estimate of medlaval
prices, see Cibrario, Delia Ecanomia FolUica del Medio Evo, 1. ili. c 8
"The Tower pound, which was three-quarters of an oz. troy-less than thetroy pound, was used in Enghind until the ISlh of Henry VHI. 0527), when Itwas replaced by the troy weight. This should be always remembered in con.

sidenng the precise amount of depreciation at any given time
» Coins o/lhe Eealm., ch. xiii. i But. of Eng., vii. p 2
5 Macaulay-s account of this recoinage, which is written in his typical man-

ncj, has made this episode of English monetary history very generaUr known.
6 Lord Liverpool, CoiMO/(A«JJ«(i/m, p. 47. /

^jiv^nu.

' The third great English recoinage was that of the gold coin, which took
Jilace in 17,3-li7j. It is commonly known as the recoinage of 1774

8 83 4 34 Vic. c. 10.
o .

under which the resources of sootiand suffered during the constant
wars with England, as well as perhaps the example of their close

ally France, led the Scottish sovereigns to debase their coins out of
all proportion to the English system. This was the reason for the
prohibition of Scotch coins as currency by tale in England, the
variation in course of time being so great that in 1600 the pound
of silver, which contained about three pounds sterling English, was
made into thirty-six pounds Scotch, the latter being thus twelve
times as much debased. After the union of the crowns in 1603
no steps were taken to assimilate the two systems, which con-
tinued as before till the comp'ete union of the two countries in 1707.
At the latter date a complete recoinage on the basis of the English
system was carried out, thus rendering the coinage of both coun-
tries exactly similar. This most valuable reform was at first viewed
with suspicion by the Scotch people, and a large amount of the
old Scotch currency was hoarded or exported.

Irish Depreciations.- No coined money existed in Ireland before
the English invasion in 1170. The English colony, as a matter
of course, used the same coinage as the mother-country, but on
several occasions inferior money was introduced, as being good
enough for a subject country. At the recoinage of 1560 it was pro-
posed to send the bad coins that were called in to Ireland, but to
this Elizabeth refused to assent;. From 1689 to 1825 the nominal
value of the coinage was 8J per cent, higher in Ireland than in
England. In the latter year Irish money was reduced to the
English standard,' from which time the United Kingdom has pos-
sessed a perfectly uniform system of metallic money.

French Depreciations.—The monetary system established by
Charlemagne J;hroughout his dominions soon disappeared in Italy
and the German provinces. It continued to exist in France proper.
The general state of confusion, however, and the weakness of the
central authority, led to local issues by the various feudal lords.
"At the accession of Hugh Capet as many as a hundred and fifty
are said to have exercised this power."" The increase of the power
of the Capetian kings enabled them to restrict this freedom of
coinage, and to reserve to themselves this profitable function, the
seigniorage on the process of coining being a special branch of the
royal revenue. They were unfortunately not inclined to confine
their gains to this legitimate source. The French coinage was
recklessly debased • during the many centuries from Philip I. (oh.
1108) to Louis XV. {ob. 1774). The management of the mint
under Louis IX. was always regarded as a model for imitation,"
but even in his time the livre, originally a pound, was debased to
less than one-fourth of its primitive value. The dealings with the
currency were still more unscrupulous during the protracted wars
with England, the result being that at the accession of Louis XL
(1461), when the English had been finally expelled from France,
the livre was only about one-fifteenth of its original value. Nor
did the depreciation of the currency rest here. The period of
something over a century, extending from 1497 to 1602, presents a
remarkable series of changes in a downward direction, no less
than nineteen depreciations having taken place, many of them
consisting of changes in the fiqeness of the metal" There is in this
respect a remarkable analogy between this epoch oi French coinage
and the English period from 1643 to 1552.
The history of French depreciations did not terminate, as that

of the English ones did, with the close of the 16tn century : under
Louis Xiy. the livre was only one-half of what it had been under
Henry IV. The final result was that in 1789 the livre had come
to be only one seventy-eighth of its weight in the time of Charle-
magne. At the Revolution it was converted into the franc at
the rate of 81 livres to 80 francs." It is not, however to' be
supposed that the changes in the French currency were always
towards debasement. The terrible evUs arising fVom the debased
comage led to a general outcry, which in some cases was so strong
as to force the king of the time to reform the monetary standard •

one striking instance occurred in the reign of Philip IV.," whose'
dealings with the currency led to his receiving the epithet of "le
faux monnoyeur."

Depreciations in other Countries.— T\ie very brief notice of the
depreciations in the originaUy uniform currencies of En^^land and
f ranee which has just been given is sufficient to estabUsh the
general tendency, and throws light enough on the resulting conse-
quences; a similar course was followed in the other countries of
Jiurope, but the details are too unconnected to be conveniently pre-
sented. A few facts will suffice. Thus, the German florin "wasorigmaUy a gold coin of the value of about 10 shillings of our
present money

; it is now become a silver coin of the value of

uIa^ L"v"v ^' °'
^I"'^ "i"^" 5^'*"" ^ " ^ '""""^ '" """"y charges on Irish

the Mm.nal amoMt "" *° """^^ ^^ deducting one thirteenth frim
w Hallam, MUdle Ages, i. p. £06.

\\
5'^phen, Lectures on FrcuJi History. I. p 439

•u Toolie and Neiraiarch, llisl. 0/ Prices, vol vL p.' S74. The views therm

flTestioT ^'^ °" *°'' "' "• '^™»^=". "'O had speclify 7m!^^,
II '^IfilV^'i'"' "?' m^Je to weigh exactly 5 grammca." Stephen, Led. on French Hist., i. p. 4S2.
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only 20d."' Similar depreciations took place in the cases of the

Spanish maravedi and the Portuguese rei. At the present these

coins are so subordinate, where they have not been abolished, as to,

possess little practical interest.

It is well to notice before conclnding the question of

depreciations that it is the poorer classes who especially

suffer from a change in the coinage. The reasons of this

are very plain, for from their ignorance they are less able to

understand the nature of the alteration, and, even if it were

not so, the absence of avaUable resources places them at a

disadvantage in comparison with others. Masters and

dealers are quick to discount—so to speak—the nominal

value of the depreciated money, and prices are much more

speedily adjusted to the new state than wages, so that it

may be confidently asserted that a debased coinage is

especially injurious to the more helpless classes of society.

The same remark applies to an over-issue of inconvertible,

paper."

7. Economic Aspects of the Production of the Precious

?Ietah.—In considering various monetary questions it is

essential to have some acquaintance with the economic

aspects of the production of gold and silver. The technical

matters connected with the processes of preparing those

metals for use are to be foimd in the articles Gold and

Sil\t:r {q.v.). The first point to which we will here direct

attention is the field over which production extends.

At one time or other these two metals have been found

in every continent. Asia Minor in early times possessed

its gold fields, or rather auriferous sands.* Ceylon also

undoubtedly contained gold mines. China and India

both produced silver to a considerable extent. Egyptian

remains show that gold was commonly known in that

country, probably procured from Nubia and Abyssinia.

On the opposite side of Africa, too, the name of Gold

Coast shows that that metal was thence exported. Neither

Asia nor Africa, however, has been the main contributor

to the stock of money in more modem times. The

mines of Laurium in Attica were a source of supply to

the Greeks, and were worked as a state monopoly. At an

earlier date the Babylonian and Assyrian empires had

each large accumulated stores of gold. The Phcenician

importations of gold from the Red Sea coasts (Ophir) are

known from Scripture.^ The Persian kings from the time

of Darius levied tribute on all their provinces,—in gold

from India, in silver from the remaining districts; and

the larger part of this was stored up in the royal treasuries.^

This tendency of sovereigns to accumulate had all through

ancient history important effects on the economic structure

of society. At present it is quite natural to assume that the

materials of money are distributed by means of international

trade, and tend to keep at an equal level aU the world

over,—an assumption which is in general well grounded,

though an important exception exists. Ancient history

presents a \videly different set of forces in operation. Gold

and silver were produced by slaves under the pressure of

fear, and were drawn towards the ruling parts of the great

empires ;. in a word, war, not commerce. Was the distribut-

ing agency. From this condition of affairs it is easy to see

that whatever may be the reasons for assigning to cost of

production a potent influence over the value of money in

modern times (and grounds have been already advanced

for the belief that this influefice has been exaggerated), no

such reasons then existed. The production of the precious

1 Lord Liverpool, Coins of the Realm, p. 125.

' Readers requiring full details on the subject of the various currency

changes may consult Lenormant, Monnaie dans V Antiquity, for

ancient times ; Lord Liverpool, Cains of the Realm, for England ; and

the works of La Blanc and Paucton for France.

' The Pactolus in Lydia was widely famed for its "golden sands."

* 1 Kings ix. 23.

* See Herodotus, iii. c. 96 ; aiss Grote, Hist., iv. pp. 162 sq.

metals was carried on, as the great buildings and other

works of those periods, on non-economic grounds, and

therefore produced quite different effects. The whole his-

tory of the Persian monarchy to its overthrow by Alexander

(330 B.C.) shows that the mass of the precious metals

hoarded up continued constantly to increase. On the cap-

ture of Persepolis by the Grecian army an enormous treasure

was found there, some estimates placing it as high as

120,000 talents of gold and silver ^£27,600,000)." All

the temples, too, were receptacles for the precious metals, so

that the stock accumulated at about 300 B.C. must have

been very great. The only causes which tended to diminish

the store were the losses arising from wars, when the various

treasuries were liable to be plundered and their contents dis-

persed.^ There was therefore a more unequal distribution of

the material of money than at present. The growth of the

Roman dominion led to important results, since under their

rule the Spanish mines were developed and became a leading

source of supply. The great masses of treasure set towards

Rome, so that it became the monetary centre of the world.

The overthrow of the Republican government and the

peace which followed also affected the conditions of pro-

duction. The inefficiency of the Roman administration

made it advantageous to let out the mines to farmers, who
worked them in a wasteful and improvident manner, while

the supply of slaves was reduced, thus depriving the lessees

of their principal agency for carrying on production. The
result was a continuous decline in the store of money. Mr
Jacob has made an attempt to estimate the amount at the

death of Augustus (14 a.d.), and he arrives at the conclu-

sion that it was £358,000,000.8 Without placing much
value on this necessarily conjectural estimate, it is safe to

assume that this period marked the highest point of accu-

mulation.

The succeeding centuries exhibit a steady decline, though

it is of course impossible to attach any value to even the

most carefully-guarded numerical estimates. The pheno-

menon which has since so often attracted notice—the drain

of the precious metals to the East—began at this time,

and was a subject of complaint to the Roman writers,*

while the stock of gold and silvef being thrown into

more general circulation suffered more from abrasion, and
was more likely to be lost than when stored up in the

royal treasure-houses and temples. These causes tended

to depress the scale of prices, while the barbarian invar

sions produced a strong effect on the supply by drawing
off the mining population and damaging the various erec-

tions used for working the mines. The conjectural esti-

mate is, that about 800 a.d. the total supply had been
reduced to £33,000,000 (or about one-eleventh of what
it had been at the death of Augustus).!" A new penod
in the history of gold and silver production may be fixed

at this date. The Moors, now firmly established in

Spain, began to reopen the mines in that country which
had been allowed to fall into disuse. Other European
mines also were opened.ii The international system of

currency based on the pound of silver as a unit which was
introduced by Charlemagne must have tended to economize
the wear of the metals. We may therefore conclude that

from this date (800 A.D.) the supply was sufficient to coun-

8 Grote, xi. p. 499, note 3.

' A commercial agency which esdsted for the distribution of gold
and silver was the Phcenician system of trading, which extended all

over the Mediterranean.
' Jacob, Production and Consumption of the Precious Metals, L

p. 224.

See Pliny, B. N., rii. c. 18. l" Jacob, i. p. 237.
' It was at this time that the most productive European mines

were discovered, namely, those of Saxony and the Harz Mountains, a»
well as the Austrian mines, which were the chief sources of silpply
during the Middle Ages.
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teract the loss by wear and exportation,^ and accordingly

regard the metallic supply as fixed in amount until the

next change in the conditions of production, which was

the result of the discovery of America. Though 1492 is

the date of the first landing, yet for some time no im-

portant additions were made to the supply of money.

The conquest of Mexico (1519) gave opportunities of

working the silver mines of that country, while the first

mines of Chili and Peru were almost smiultaneously

discovered, and in 1545 those of Potosi were laid open.

From thij^latter date we may regard the American supply

Table I
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states In adopting a single gold stafldard, (2) the

countries composing the Latin Union in limiting the

coinage of silver, (3) the Indian Government by.

adopting a new method of drawing bills—proved to be the

realJy "influential causes for the decline in the value of

silver as contrasted with gold.^

_
Before closing this notice of the economical aspects of gold and

silver production, the consumption of those metals must be con-
sidered. It may be classed roughly under three heads, viz., (1)
their use as merchandise, (2) their use as money, (3) the export to
the East. With regard to the first of these, while it is impossible
to give precise data, it may be still held with some confidence that
the demand for this purpose tends, after society has passed a certain

not very advanced stage, to decline. The desire for personal adorn-
ment is with most civilized persons not a strong one. It is, so far

as it exists, gratifaed by other articles than those made of silver or
gold. Their use as manufactured goods continues to be large, and
is one of the principal forms of use at present. The second head
with which we have here to deal is the one by which prices are
affected. The laws regulating the value of the met-Tl-. as money
have been considered above, p. 721, the primary one being " that
the value of money varies inversely as its quantity multiplied by
its efficiency," though this proposition needs limitation and explana-
tion. Under the third head a remarkable exception occurs to the
general theory of the tendency to equal diffusion of the precious
metals. For a period extending over nearly 2000 years the move-
ment of silver from West to East has been noticed. Humboldt has
made the ingenious remark that these metals move in the opposite
direction to civilization, and history bears out his view. During
the Middle Ages the chief Eastern products used in Europe were
silks and spices, and to pay for these conimodities silver was sent
from Europe. The discovery of the passage round the Cape of
Good Hope ip,creased the Eastern trade, and added to the drain of
silver. Humboldt and Sotbeer have given copious details. In
more recent times the flow has continued, the amount of silver

which passed to Asia by the Isthmus of Suez during the twelve
years from 1851 to 1862 being £110,000,000.' There are two points
requiring some further notice with reference to the form and the
reason for this drain. Silver is the metal which is exported from
Europe, since gold is not used for currency purposes in the East,
and even as merchandise silver possesses a higher relative value
than it does in Europe Those European countries that had a
double standard were the natural source of supply for exportation,
their silver currency being replaced by gold. The unceasing drain
of the precious metals to the East may further be explained by the
fact that the greater part of the new metal is used for ornamental
and not for currency purposes, and thus the demand is not checked
by a rise of prices. Another reason, not generally noticed, is that
Eastern prices are very much influenced by custom, and thus do
not depend on supply and demand. But it is this tendency of an
increased quantity of money to raise prices which forms the basis
of the economical theory of the distribution of the precious metals. ^

This explains the otherwise unaccountable phenomenon of a con-
tinual drain of the money material towards those countries where
custom has remained most powerful in regard to commercial trans-
actions, or, in other words, the backward countries of India and
China.

One of the technical features of the production of the precious,
metals may sometimes produce remarkable economic effects,

—

namely, the fact that gold is generally found near the surface, while
silver is obtained by deep mining. It follows from this that the
production of the former metal depends more on accidental circum-
stances, while the production of silver is affected chiefly by the
state of mechanical skill. In the Nevada mines, gold and silver
are found together, and their value in a -given mass is nearly equal.

8. Miscellaneous Questions regarding Metallic Money.
The recent discussions of matters relating to currency, and
the increased intercourse among the more advanced nations,
have led to the raising of some questions with regard to
the proper constitution of monetary systems. Each country
possessing any claim to enlightenment has directed its

attention to its own monetary arrangements, and compared
them with those of others, while the effect which the cur-
rency system of any nation exercises on its neighbours leads
to the exciting of a lively interest in its monetary legisla-

tion. The principal problems may be summed up under

• See, for details, the Report of Mr Goschen's Committee, 1876, and
W. Bagehot, Papers on the Depmiation of Silver.

• See A. Sotbeer in the Vierteljahrschr. fur Volkstcirthsch., 111.,

1863.

' See Ricardo, Principles of-Pol. Boon., p. 79 (ed. M'Culloch);

three heads : (1 ) The proper standard to use, the discussion

of which in practice turns on the comparative merits of a
single standard of gold or silver and of a double standard
of gold and silver at a fixed ratio

; (3) the system of sub-

dividing the currency, whidh is generally discussed under
the title pf proposals for decimal coinage

; (3) proposals

made in many quarters to assimilate the various currency

systems of the world. These take one of two forms.

It is either desired that a group of nations shall assimilate

their currencies, in which case the coinage may be called en
internationaj one ; or a wider view is taken, and a single

system is advocated for all states. This may be styled

universal coinage. The question of the proper standard

may be deferred for the present, as it is of a more complex
nature than the others: Before discussing even the simi>ler

of these questions it is desirable to state some elementary

facts involved in all such points. Every currency system
must be based on a sta7id(^rd unit of value which consists

of a " fixed quantity of some concrete substance defined by
reference to the units of weight or space." Thus the

English unit is the pound, which consists of -a definite

quantity of gold (123-27447 grs. standard fineness), while

the French unit is the franc (composed of 5 grammes of

silver Aths fine). It is' not, however, necessary that the
standard unit shall be a coin. All that is needful is that

the current coins shall be multiples or submultiples of the

unit, or at aU events easily reducible to it. The Portu-

guese rei is too small to be coined, and the pound of silver

which formed the unit of the early French and English
currency was tod large. Distinct from both the actual

coins and the unit of value is the money of account, though
in practice it is usually identical with one of them. In
Russia in early times the rouble was an imaginary money
of account not coined, while the copper copeck was the unit

of value. Another distinction must be pointed out, namely,
that between standard and token money, the former being
of the same value as the metal it is made of, while the latter

is rated at a nominal value higher than that of its material.

The silver and copper coins in England and the smaller

silver coins in the Latin Union are merely tokens, being in

the case of the English silver coins about 30 per cent, below
their nominal value. The French coins are of inferior

fineness (835 per 1000). Token coins are only admissible

in small ^payments, as otherwise—in accordance with an ele-

mentary principle to be presently explained—the standard
coins would be driven out of circulation. The maximum
amount in payment for which they are legal tender is in

England 40s. One of the functions of money being to

afibrd a standard for estimating deferred payments,* it

is generally used as the means of discharging obligations

when they become due, and in this aspect is styled legal

tender. The principal coinage of any country is legal tender

to an unlimited amount, and, when offered, discharges any
pecuniary obligation. It is only the standard coinage which
possesses this property, or rather the standard coinage is

that which does possess it.

In discussmg monetary questions it is also important to
remember that a metallic currency has to circulate among
the most diverse classes of society, and must be suited to
the wants, and even to the prejudices, of the population
using it.^ Many curious instances of the preference of a
community for some particular coin conJd be given. Tlic

Austrian Maria Theresa dollar is a special favourite on the
coast of Africa, and is still coined exactly as it was in 1780.
The inhabitants of California refused to accept the green-
backs issued during the American civil war, and conse-
quently gold was always used in payments in that State.
Many apparently well-devised reforms Lave miscarried

* See p. 720, dbove.
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owing to the habits of the people not having been attended

to. Some writera have, however, misconceived the prin-

ciple^ of currency and extended this influence to ' cases

where it does not apply. Thus it has been sought to explain

the adoption of gold as the principal Engliah coinage after

1696 by assuming that the English deliberately preferred

that metal.' The fact of different nations possessing dif-

ferent currencies, as the prevalence of gold in England and
of silver in France during the 18th century, is to be other-

wise accounted for. The great mass of a population, it is

true, take and give money 'without particularly observing

it. It is enough if the com conforms to the usual type.

There exists, however, in aU mercantile communities a class

of dealers in money ^ who make a profit by selecting the

best coins for exportation, or, if two metals are in concurrent

use, the coins of that metal which is undervalued in the

proportion fixed. The mode in which self-interest thus

operates produces an effect which may be briefly formulated

by saying that bad money drives out good money. It is

often now called " Gresham's law," from a former inaster of

the Englfsh mint,^ who observed it. The illustrations of

its working are numerous. Under its action the gold which
was overvalued relatively to silver in England in 1696
became the main English coinage, as above stated. And
in order to meet the want of silver coins. Sir I. Newton
advocated, and secured, the reduction of the guinea from
21s. 6d. to 21s. The exportation of metallic money when
an over-issue of inconvertible paper takes place is another

case of the theorem. By means of this principle we can

easily explain the tendency of currency to depreciation, for

when once, either by wear or by the issue of inferior coins,

a currency has become debased, no reformation is possible

unless the debased coins are removed from circulation, as

otherwise they will be preferred for payments by dealers,

and will not be molted down or exported. AU demands for

foreign trade will be met from the best part of the coinage.

An argument in favour of state coinage has been founded

on Gresham's law. It is argued that private coinage

would lead to the issue of depreciated money.* It is,

however, overlooked in this argument that the action of

i,he la\v arises from the fact that the depreciated currency

is legal tender ; were it not so, coins less than the proper

weight would be at once rejected. It may be added that

Greek monetary history bears out this view.*

Having disposed of these elementary questions, the

general groups into which all currency systems fall may now
be stated. The simplest form of currency seems to be that

in which the state coins ingots of different metals, and
allows them to circulate freely, without any ratio being
fixed. This, which is the lowest form of currency proper,^

has arisen in many countries through the introduction of

coins of various other nations. Turkey is a European
example. Many of the South American republics possess

a currency of this description. A theotetical form of this

system has been advocated in France. It is proposed to

issue coins of one, two, five, and ten grammes of gold, and
to allow the present silver coins which are multiples of the

gramme to circulate along with them. The difficulties of

this plan are so obvious that there is no likelihood of its

being adopted. The arguments in its favour are of littlo

' R. Giffen, Essays in Finance^ p. 303.
' The Jewish aud Lombard merchants discharged tbis function In

tie medieval period ; Hallam, Middle Ages, iii. p. 369, note t.

* Ar'."'(ij)hane3 (/ian. 719-733) appears to recognize tliis principle.

<ote (vol. iii. 116 note) has misunderstood him, ana seems to deny
t> a principle stated,

* Jevons, Money, p. 82. * See p. 726, above.
* In his discussion of this subject Prof. Jevons, on whose excellent

n 3rk much of this section is based, mentions currency by weight as

the fiimrlest form, but it is hardly correct to regard this as a currency
•yotc". : it is rather a primitive stage, closely akin to baiter.

lorce, since it is hardly correct to contend that it is a

natural system, when it has never been willingly adopted by

any country. . The next system to be noticed is that of a

single metal being fixed as legal tender. This in early

tinges is the really natural arrangement, and has been

widely adopted. It is heedless to recapitulate the instances

which have already been given in dealing with other

matters. There is, however, a difficulty which soon arises

under this system. If the metal chosen- is not very

valuable, it is toe cumbrous for large paj-ments ; if, or. the

other hand, it possesses a high value, it is hard to coin

pieces suitable for small transactions. Thus, even sUver

would be too bulky for such payments as frequently occur.

£100 in silver at its present value would weigh nearly 40

ft, whil§ it would be impossible to coin gold pieces of

the value of a penny or even a shilling. This system thus

naturally leads to the use .of other metals besides the

standard one, and when the state fixes the ratio between

these metals a new system has come into existentre, which

'has been called the multiple tender system. In it the

ratios between the metals are fixed, either once for all, or

until changed by state authority. This system was in

force in England from 1257 (or rather 1344) to 1664,

the ratio between gold and silver being fixed frpm time to

time by proclamation. France, too, adopted it during the

Revolution, the ratio of 15i to 1 being that fixed between

gold and silver. The fluctuation of currencies arranged

on this method, owing to the action of Gresham's law, has

led in England and Germany to a modified system, which

seeks to combine any advantages of the multiple standard

with the principle of the single standard. By this method

one metal is fixed as the principal legal tender, while the

smaller coins are mad? of a less valuable material, and

circulated at a nominal value somewhat above their real

one, or, in other words, as token coins, but they are only

legal tender to a limited amount. This has been, called

the composite legal tender system.''

For further details reference may be made to Tables II. and III.,

and the notes appended. Every currency system requires the exist-

ence of subsidiarj' coins, and, as stated before, this want is met by using

a less valuable metal, generally silver, and for smaller payments

copper or bronze. But, apart from the question of the material of

the smaller coins, it is important to determine the best ratio between

them. The simplest of all would be the binary. In it each coin

would be the half of the next highest one, and double the one imme-
diately below it. Kothiiig, apparently, is plainer or simpler than

this scale, but the objection to it is the great number of coins that

would be required, as well as the want of conformity with the

general arithmetical scale. In a modified form it does prevail in

many countries. Thus in England we have the penny, half-penny,

a.ni.'farthing. At a higher stage we have the florin, shilling, six-

penny piece, and threepenny piece, and, again, the sovereign, half-

sovereign, five-shilling picce,^ and half-crown. The coinages of the

Latin and Scandinavian Unions, as also those of Germany and the

United States, have several binary series in their coins.' There is,

however, no completely binary system known. The old English

scale was partly duodecimal, and the arguments in favour of this

arrangement are by no means weak. At present the shilling is

duodecimally divided. It is urged in favour of this scale that the

main divisions of time-(year and month, day and hour, are duo-

decimally related, and that time is one of the elements in all

questions of value.'" Another argument is that 12 is capable of

being resolved into several factors (2 and 6, 3 and 4), and thereforo

' This system came into existence in England accidentally, through

silver being overvalued by the mint regulations, but its theoretical

basis was given by the often-quoted work of T.ord Liverpool, Coins

of the Realm (1805). which contains even now the test explanation of

its principles.

* This piece is now almost extinct.
' For instance, the 20-frauc, lO-franc, and 5-franc pieces, and,

again, 2-franc, 1-fVanc, and 50-centimfr pieces in Fiance, &c. ; 20-kroner

and lO-kroaer pieces, and 4-kroner, 2-kroner, l-krone,_ 50-6re, and
25-6re pieces in Denmark, &c. ; 20-, 10-, and 5-mark pieces', and 2-mark,
1-mark, and 50-pfennige pieces in Germany ; while the United States

have eagle, half-eagle, and quarter-eagle, and also dollar, half-dollar,

and quarter-dollar.
'» See S. Laing, Notes of a Traveller, pp. 57-59.
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enables a large series of coins to be formed.' The main reason,

however, for the adoption of a duodecimal system appears to tiava

been the preference for the number 12 so frequently shown by early

societies ; thus, among the Semitic races, the Jews were organized

in 12 tribes, and in Italy the Etruscan league consisted of two

groups, each of 12 cities. In connexion with this it may be noted

that a duodecimal system of currency prevailed south of the Apen-

nines. At Rome the as was divided into 12 uncix. The modern

tendency, however, has been to adopt a decimal scale. This method

of notation, which is found very widely in use among savage tribes,

is undoubtedly derived from the ten fingers of the human hands.

Tliough the base 10 is not so convenient as ,12, it is firmly established

as the only system of counting, and is in process of extension to

1 }. B. M'CuUoch In Enqi- Brit., art. "Money," voL jtv. p. 431 (Sttied.).

weighing and measuring.' For the purposes of currency this scale

is not very convenient, as 10 can be only resolved into two factors

(2 and 6), and one of these is a rather high number. This dis-

advantage has retarded the adoption of decimal coinage, and is the

base of the objections made to it. It has been contended that it is

unsuitable for small purchases, and for such fractions aSone-third.>

France adopted the decimal system of coinage in 1799, and it has

now extended over all the countries of the Latin Union (see Table

II.). It is also in use in Germany, Denmark, Sweden and Norway,

the Netherlands, and Finland, as well as in the United States. But

none of these countries has a decimal coinage pure and simple. In-

s Tylor, Anthropology, pp. 311-312. .^ , , i - > ,

3 liinR and M'Cnlloch, as quoted above. The former unfortunately pro-

phesies that " the decimal division never wUl come into general use In Franca

or anywhere else."

Table U.-The Coinage Systems of CorUinenlal Europe, exhibiting the gold and silver coins, their weight, fineness, remedy, and

approximate value in English and United States money.

Coins.
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tenncdiate coins are introduced, e.g., in France, 2-franc and 5-franc

pieces. In fact, most modem currencies are a combination of the

decimal and binary systems, England alone adhering to a modified

duodecimal scale. A decimal coinage iias for the last sixty yeare

been proposed for England, and it is almost certain that if any one

scheme could be pointed out as much preferable to any other it

would be accepted. As it is, there are two or three proposals, each

commanding some support, while many advocates of the decimal

system prefer to wait tiU an international agreement for its adoption

can be obtained. One of the schemes advanced takes the present

farthing as its base ; then 10 farthings=\ doit (2Jd.) ; 10 doits=\

florin (2s. Id.) ; 10 florins=l pound (203. lOd.). The advantages
of this plan are : (1) that the smaller coins now in use coo! ' be
preserved (the penny being 4 farthings), (2) retail prices, which are for

the smallei- articles estimated in pence, need not be altered, (3) nor
need those which affect postage, tolls, and mileage charges. Against
these may be set the loss of the unit of value, the pound, which
should be raised to 20s. lOd., so that all accounts, and all large
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pice qnotalions, would liave to be altered, wliile xh' new nnit of tlie

farthing would not be assimilated to any other uuit. This plan has

therefore no rhance of acceptance. Another proposal starts from

the present pound aj unit. It is to be dividctf into ] florins (2s. ),

which wou'a contain 100 mils (oi farthtngs reduced i jwr cent.).

A new coin, 10 mils {2a. id.), would prolably have to be introdnced.

The advantages of this plan are . (1) the pound would be preserved

OS unit, (2)the^orin and sAi7/»>i? would also he retained—the latter

being 50 mih, (3) accounts for large amounts need not bo altered.

The objections are such as follow—(1) the copper coins, which
are those most used by the poor, would all be changed, thus causing

gresLt confusion, (2) all charges expressed in pence would be altered

to the loss of one of the parties. Still, this scheme is much to bo

preferred to the one first mentioned. A third plan is based on the

fact that 88. in English money is only |d. more than 10 francs.

Having regard to this link between the English and French systems,

it is proposed to coin a 1 0-frant piece in gold to serve as a token

for 83. If the penny were then reduced by 4 per cent this j>lece

would contain 100 pence, and, by coining a franc or tenpenny jjitce

ia silver, a pqrfect decimal currency would be obtained. This

arrangement would involve the abolition of the pound as well as of

tnOst of the present English coins. In fact, it is as yet premature

to expect a system v/hich will bo international as. well as decimal,

and the most that can be hoped for is some progress towards that

ultimate end. All that can be said at present is that all schemes
for the introduction of the decimal system should be considered with
regard to their tendency to help towards the assimilation of the

English system to other currencies. The problem of international

money haa during the last twenty years acquired much prominence.

In previous historic periods the idea was partially realized. Thus
the drachme was an international Hellenic coin, though it had
three different values.' Under the Boman hegemony and the

succeeding empire the denarius became the coin of the west, the

drachme that of the east.' The next currency which can be called

international was the frequently-mentioned Carlovingian system.

The growth of the different European nationalities, and their frequent

wars, prevented any common coinage system being adopted by them.

Each state debased its o\%ti coin at different times, so that any
original resemblances disappeared. The question of imification of

the various monetary systems was thus left open for the present

century, .when increased facilities for intercourse have led to more
complex international relations. An association for promoting unity

in weights, measures, and coins was founded in Paris in 1855, and
actively advocated its principles. In pursuance of this object a

eei;ies of conferences and congresses were held on the subject, the

first of them in ISCO. The congress of 1863 was held at Berlin, and
adopted a series of important resolutions. Its report advocates the

superior convenience of a gold system with a subsidiary coinage of

silver ; the millesimal scale of 900 as to fineness of the higher coins

was also approved of, as well as the definition of the weights of coins

on the metric system. The first practical outcome of the movement
was in the monetary convention of 1865, which founded the so-

caUed Latin Union, by which France, Belgium, Italy, and Sivitzer-

land became a single monetary region, with the franc or lira as unit.

The subsequent accessions to the Union are given in the note to the

French coinage system (Table II.). In. 1867 a monetary conference

was held at the same time as the Exhibition of that year, when the

idea ofa universal coinage was advocated, and three leading principles

were laid down as necessary to that result, viz.—(1) the universal

adoption of a single gold standard, (2) the general use of the decimal

scale for this coinage, (3) that all coinages should be co-ordinated

with the French system.' Owing to the accidents of historical

Jevelopment, certain points of connexion existed between the lead-

ing European systems. Thus, the franc being regarded as a unit,

the Austrian florin was as 2"47, the American gold dollar as 6'18,

and the English pound as 25 '22. Very slight changes would bring

these coins into a series of 1 • 2i : 5 : 25, and it was proposed by the

congress of 1863 that, when thus modified, they should have inter-

national currency ia all countries where any of the four units pre-

vailed. AU outside nations were recommended to select whichever

of these units they preferred. The subsequent monetary changes

in the various European systems have, however, ended rather in

the formation of international systems without any tendency towards

the establishment of a universal one. Thus, of the three principles

laid down by the conference of 1867, two only have been adopted

in recent currency reforms. On the creation of a united Germany
after the Franco-German war of 1870-1871, it was the aim of the

rulers of that country to develop as much as possible all outward
expressions of that unity, and, in accordance with that conception,

a (German currency was devised which was monometallic and decimal

(see Table II.), but which was not easy to assimilate to the French
System, thus rejecting the third principle laid down by the Paris

conference, and rendering future progress more difficult. The

1 The Attic, Euboic, and .ffiginetaa ; see Smith, "Z'icf. Gr, and Soto. Ant., s. v.
** Drachma."

» Mommsen, Bist. o/Rome, ill. p. i,\i.

i Sw> E. de Parieu ia Journal des i'conomisfes-CFeb. 1, 1678).

Scandinavi.in Union proceeded on very much the same lines as th©
German rcfornj, and was, in fact, mainly caused by it. The Dutch
Government, under the pressure of circumstances, have abandoned
the silver standard and coined some gold, but their position is still

undecided. The Austrian Government have made a slight step by
issuing as gold coins 8- and 4-gulden pieces, which are the same as
the 20- and 10-franc coins. In one part of the Russian doniiuions,

Finland, the French system has been introduced, the new mark
being equivalent to the franc. The main Russiau system has not
been changed, nor have any alteiatioQa. been made by England,
Turkey, or Portugal.* The question of universal coinage has
become implicated with the question of the )iroper standard, and
the .strong ground taken up in 1867 has certainly to some extent

been abandoned. It may, liowcvcr, bo considered that the present

systems of coinage are capable of being assimilated. A comparison
of the amount of pure metal in English, French, German, United
States, and even Japanese coin shows how small is the difference.'

An ingenious proposal was made in 1868 to the English commission

on the question, by which the sovereign would bo made identical

with the French 23-fiaiic piece (if that were coined). It was based

on the fact that the sovereign contained only about 1 giaiii more
of gold than the amount in 25 francs. It was proposed to deduct
this small amount from the bullion brought for coinage as seignior-

age, so that no change need be made. The advocates of this scheme
contended that prices would not be affected by the altci:ation. This

reasoning did not commend itself to the commission. Tliey accepted

the view put forward by Kewmarch, who argued that all con-

tracts would have to be altered to allow for the depreciation caused

by the change, and this position seems impregnable, so long as

metaUic currency alone is considered. Another ingenious plan was
that of Bagehot to assimilate the English and American systems, as

a step towards a wider change.* At the present moment the great

monetary systems of (1) France and her allies, (2) England and the

larger part of her colonies, and (3) the United States are so firmly

established in their several countries, and the advantages of each

system are so equal, that it is hard to see which is to give way.

Q'he wide area of the Latin Union, and the perfect decimal division

of its coinage, are arguments in favour of the franc ; the gieater

value of the pound, and the immense extent of the English

colonies and English trade, are in favour of the British unit of

value ; while the dollar, from its convenient size and the prospect

of the future growth of the United States, has claims to be con-

sidered in the discussion. The most probable conclusion, however,

seems to be that the future unit will not be any of these coins, but

the result of a compromise, which will lead to a new system being

established. The difficulties which arise when universal coinage

schemes are brought forward ought not to conceal from us the solid

advantages which such an institution would confer on the world.

The arguments urged in its favour are various, and are regarded as

being of different relative importance by their advocates. They
may, however, all be stated as follows. (1) Increased facility of

travelling. Though there is a tendency to under-estimate this

clement of the question, it seems impossible to doubt that the

saving of trouble to travellers by any universal coinage system

would be very great. The abolition even of the local currencies of

Germany and Italy, and their replacement by uniform national

sj'stems, has been a great boon to' tourists, but an arrangement
which would obviate the necessity for procuring any different

money whatever would be a still gieater advance. In the interests

of peace, which is greatly promoted by extended international

communication, it is very desirable to remove any obstacle which
retards increased intercourse among persons of different countries.

(2) Greater ease in adjusting the foreign exchanges. This argument
Ijas been sometimes pushed too far. It has been apparently held

that, were a universal currency adopted, the problems of the foreign

exchanges would no longer exist There are, however, other factors

in the question, namely, those of time and place, which could not bo

eliminated by the adoption of a single coinage system.' Still, the

removal of even one complicaHng element would simpli.*';.' txchange

dealings. The question of mint pars would no longer arise, and
the specie points would be stated raore simply. The friction which

sometimes arises from the necessity of reeoinmg the exported gold

would also be removed, and the profits of those dealers who gain by

< As Austria, RuBsia, and Turkey poRsess inconvertible paj'cr currencies,

and various foreign coins circulate in the last-named countrj-, the question

does not possess much importance for tuera. Portugal is closely connected

with England, and will probably follow her example. It may also be noticed

that the gold coins of all these countries have a flneuess of ^ths.
6 Sovereign=7-S2 grammes fine gold.

£5 fnincs=7-2G „ „
tJ. a hali-ca8le=7-62 „ „

German 20 mark=:7'lfl „ „
Japanese 5 yen=7*50 ,. „

6 See his pamphlet reprinted from the /Tconom/'ef. Tt Is nearly the same aa

the first proposal mentioned above, but it dllfers in cootcmplating the assimila-

tion of Ajnerican money, the 6-dollar piece being equivalent to the new pound.
7 Bee, for this, Ooschen, foreign F.zchanges, p. 5, and the article ExclUNcc

(vol. viit. p. 784 S'j. ). A practical illustration is the case of Australia, where,

though the currency Is Identical with that of England, bills on England are at

a piemiuni.
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their special knowledge would be saved to ordinary traders. (3)

The improvement of the currencies of backward states. Many
countries still possess those mixed currencies which were once com-
mon all over Europe, and much confusion consequently arises. The
commercial coins have been introduced for international circulation,'

and a universal currency would perform their function more satis-

factorily. (4) Greater facility in comparing price-lists, &c. This

advantage, which is reserved for the last, has been regarded by
competent judges as the greatest.- It has a practical and a theo-

retical interest : the former, since trade with foreign countries would
be rendered easier and safer ; the latter, since statistical inquiries

would be very much facilitated. At present, it is quite impossible

for an ordinary trader to understand a set of foreign price-lists, each

perhaps expressed in terms ofa different currency from the others,

—

a difficulty which is enhanced by the variations of gold and silver

values, not to add the case of an inconvertible paper currency. The
existence of a common monetary language would remove these diffi-

culties, and the premium on gold could be allowed for in the case

of depreciated paper. A much wider development of smaller trading

transactions would become possible, and would add to the world's

wealth. Nor would the greater ease of statistical inquiry be unim-
portant ; the rates of wages in different countries, and the profits

on different transactions, would be readily compared, and the move-
ments of labour and capital to the most advantageous points

rendered more rapid. Against these great gains can be set only a
certain and a possible disadvantage—namely, the loss and trouble

involved in change, which would, of course, for the time be con-

siderable, but would soon bo over, and the chance that some states

might issue a depreciated currency, which would expel the other

and better coins. In the case of a universal coinage this case would
hardly arise, since there would be no field of employment for the

purer coins, and they would consequently remain in circulation,

bat the whole currency would become depreciated. Proper mint
regulations, however, would obviate this danger, and could surely

be devised. It may be said that the principal hindrance to one

coinage system for all civilized states is the as yet unsettled ques-

tion of the standard to be employed. Till the debate on this

problem is closed it is vain to expect monetary unification. The
establishment of a universal system based on gold seemed quite

feasible to the conference of 1867, but doubtful to that of 1878, while

a double standard was the proposal discussed in 1881.

9. Considerations on the Questions arising from the Con-

flict of Standards.—In the preceding section the various

possible monetary systems were set forth, but no discussion

was entered into with respect to their comparative merits.

Only three of these systems need be here examined, namely,

the single standard system, the multiple standard system,

and, lastly, the composite system. Nor even is there any

need for examining the various possible single or multiple

standards. The single silver standard is the only one of

the former, as the double gold and silver standard is the

only one of the latter, which need be taken into account.

It is true, historical inquiry has shown that the problem of

the proper proportion between two different metals when
used together presented itself to the Chinese with regard

to their iron and copper coinages ; but the course of mone-

tary evolution, as discussed in section 3, has resulted in the

rejection of the less valuable metals and in confining the

material of the principal coins to silver and gold. The use

of silver as a principal coinage was, as we have seen,widely

diffused. The Hellenic coins were composed of that metal,

gold being afterwards introduced as a variable commercial

money; and copper was brought in still later as a token

currency. Though copper preceded silver as money in

Rome, the latter, soon after its introduction, succeeded in

!displacing it, the ratio first fLxed being 1 to 250. A regular

gold 'coinage did not exist at Rome till the empire, but

gold in bars passed, the legal ratio being 1 to 1 1 -91. Still

the questions connected with the use of a double standard

do not seem to have arisen.^ The various European mon-

archies had silver as their principal money (see p. 726 sq.,

above), gold where it was used being, as in Greece, a

* The principal of these are—the Austrian Maria Theresa doUnr,

the Mexican dollar, ami the United States traile ilolhir, which is 7i

grs. heavier than the national coin of the same name. See also Tables

II. and III.

' E.g., Bagehot and Prof. Jevons. The former dwells on the com-

Tuercial aspect ; the latter naturally places the scientific side first.

3 See Mommsen, Visl. of Home, ii. p. 382 and iv. p. 553.

commercial money. The advance of gold to a position

parallel to silver was commenced in the 13th and continued

in the 14th century, the method of regulating the mixed

gold and silver currencies being by proclamation, which

fixed the varying ratios from time to time. In England

this course was followed from the first introduction of

gold coins (1257) to 1663.* From 1663 to 1717 sOver

was the standard, and the gold coins passed at their mar-

ket value. As the silver coins were very much debased,

the gold guinea sometimes was deemed equivalent to 30s.

After the recoinage of 1696 the giunea passed at 21s. 6d.

At this ratio silver was underrated, and was accordingly

exported to Continental Europe and to India. The loss of

the silver coins aroused the public attention, and the matter

was submitted to Sir I. Ne^vton, whose answer was given

in his Third Representation. He proposed to reduce the

guinea from 21s. 6d. to 21s. as an experimental measure.*

The proper reduction for the object in view would have

been to 20s. 8d. The silver drain, therefore, continued,

and England came to have a gold currency. An opposite

arrangement gave France a silver coinage. The recent

facts of French monetary history, as well as those of the

United States, illustrate the same condition of affairs. The

difficulty of" constituting a double standard system on a

secure basis is thus made clear, so far at least as regards a

single country. For the continuance of the two metals in

the currency depends on the market ratio and the legal

ratio between gold and silver being the same. The slightest

examination of the history of these metals will show how
variable they have been. Without accepting the estimates

which regard silver as being more valuable than gold,^ the

well-attested variations of the precious metals have been

very considerable. Thus, Herodotus estimates the ratio as

1 to 13, Plato 1 to 12, Menander 1 to 10, and in Qesar's

time the ratio was 1 to 9.^ Table I. contains the varia-

tions since the discovery of America. In the 14th oenturj-

the value of gold rose remarkably, and the gradual move-

ment has ever since been towards an appreciation of gold

relatively to silver. Another point, previously noticed, is

the tendency, as wealth increases, to adopt a more valuable

form of currency. Greece, Eome, and England all afford

illustrations of this movement. The experience of the evils

'Of a mixed currency led the earlier writers on coinage in

England to regard a single standard system as the best, and
silver as the most suitable metal for the standard. Locke,

Petty, and Harris all advocated this view. The earlier

Italian WTiters proposed to combine gold and sUver at a

ratio of 1 to 1 2, which they conceived to be the actual pro-

portion. The theory of a composite system was, as before

mentioned, first given by Lord Liverpool.^ This method

** Tlie various changes made can be estimated from the Tables given

in James's Essays on Money, &c. j see also Ency. Brit., Sth ed., article

"Jlouey. " A careful statement will be found in Lord Liverpool's

work, ch. xi.

' Newton's report will be found in Select Tracts on Money, edited
by J. R. M'Ciilloch for the Political Economy Club (1856). One
p.i3sage is worth quoting. "The demand for exportation arises from
the higher price of silver in other places than in England ila propor-
tion to gold, . . . and may therefore be diminislied by lowering the
value of gold in proportion to silver. If gold in England, or silver in

East India, could be broTight down so low as to bear the same propor-
tion to one another in both places, there would be here no' greater

demand for silver than for gold to be exported to India. And if gold
were lowered only so as to have the same proportion to the silver

money in England which it hnth to silver in the rest of Europe,
there would be no iempiation to export silver 7-atIu-r titan gold to any
other part of Europe "

(p. 277). Tlie italics are in the original pass-

age, which h.as been much discussed in recent controversies.

* Del Jlar, Hist, of the Precious Metals, p. 221. According to

this writer, the variation has beeu 200 degrees

—

i.e., from silver being
10 times as valuable .as gold, gold h.as come to be 20 times mors
valuafile than silver.

' See Smith, Diet, of Ant., S.J. "Argcntum."
' See above, p. 731.
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of regvilating the metallic currency was established in

England, as it were, accidentally, and deliberately adopted

only in 1816. The practio^l good results which followed

made all English eoonomiste of that period warm advo-

cates of the composite system. Thtis, M'Culloch and

Tooke agree in supporting the English system, as also does

J. S. Mill.' On the Continent the weight of authority-

was mors divided, and the existence of the French bi-

metallic system gave support to the advocates of a double

standard. The result of the gold discoveries in Australia

and California was to greatly increase the supply of that

metal, and, tmder the action of Gresham's law, to change

the French currency from silver to gold, whUe Holland, to

avoid the evils which were anticipated from the reduced

value of that metal, adopted silver as the standard. The

movements in •favour of a universal currency described

above, combined with the course of events, brought the

standard question into greater prominence. The proposal

of the Paris conference of 1867 for a single gold standard,

and a universal coinage on that basis, raised the question

to great prominence. Wolowski and Courcelle Seneuil

strongly opposed the recommendation, the former predict-

ing that a disastrous appreciation of gold would follow.

This view seems borne out by the result, for, although a

universal coinage was not created, yet Germauy and the

Scandinavian Union both changed from a silver to a gold

standard, while Holland and the United States both made
movements in the same direction by demonetizing silver

and making preparations for adopting gold. The Latin

Union at the same time restricted their silver coinage,which

had nearly the same effect as the adoption of a gold stand-

ard.^ The result of these extensive changes was to cause

much confusion. The more ardent advocates of a double

standard, too, attributed most of the continued trade de-

pression to this cause. The altered condition of opinion on

the question was seen at the monetary conference held at

Paris in 1878, where the universal demonetization of silver

was considered to be dangerous. The " Bland Act " of the

United States, which theoretically decreed the double

standard (1878), was another instance of reaction. The
great depreciation of silvet; which resulted mainly from its

having ceased to be money over a large part of the civilized

world, severely affected the Indian finances,^ and thus the

advocates of a double standard were able to command some
attention in England. The conference held in Paris m
1881 reflected these changed views. The supporters of

the double standard took the initiative and proposed a

treaty based on the double standard at a fixed ratio, but

no conclusion was arrived at—England, Germany, and the

Scandinavian Union upholding the gold standard.

Suet, in brief, lias been the recent history of the standard question,
and it now becomes desirable to examine more closely the conflicting

arguments in the various shapes they have taken. The older English
advocates of the gold standard have found their best representatives

in Lord Liverpool and Tooke. The former of laese adopted the
argument used by Petty, Locke, and Harris, that only one metal
can be the standard of value at a given time, but he held that the

advance of England in wealth rendered gold a more suitable material

than silver for the principal money. He added that by law the

po« T lay in the sovereign to settle the standard, and, as a matter
of fact, he contended that gold was actually at that time n805) the
English standard in common estimation. These arguments were

' Lord Asbburton was the only person of influence who advocated

the double standard.
s The amounts decreed tS be coined each year were aa follows —

Frs.

1874 = 120,000,000

1875 = 150,000,000
1876 = 120,000,000

1877= 65,000,000

1878= 9,000,000 \ p„, ,.01, „.,1,
1879= 20,000,000/

For Italy only.

" Se«, for a full discussion, W. Bagehot, Depredation of HUver.

supported by a mass of historical examples.* Tooke. who dealt with
the subject in his History of Prices, severely criticizes the double
standard. He points out that it would be impossible to keep both
metals in circulation, and that it would be the inferior one which
would remain. Healso indicates a more refined objection, namely, the
difficultv of constituting a bank reserve under the double standard.
Thus, if silver were the more valuable, and the reserve consisted
mainly of it, there would be an inducement to make a run on the
reserve, so as to drain out the small quantity of gold and then get
the more valuable silver." The silver standard was preferred Dy
Ricardo, who ful'.j- accepted the arguments against the double
standard as conclusive ; nis view was, that silver was steadier in
value than gold, and was the standard money in other countries,
while the oojection to it on account of its greater bulk was, he
thought, obviated by the use of paper money for circulation.' J.

S. Mill pronounces no opinion as to the comparative merits of gold
and silver, but he objects to the double standard on the usual
ground that the cheaper metal is the only one used in payments,
and that therefore the fluctuations are more frequent under a double
standard regime. The advocates of the concurrent use of the t«-o

metals, prominent among whom >vere Wolowski on the Continent
and Seyd in England, contended that these objections were ill-

founded, for (1) the double standard, though it produced {i.e.,

admitting the assumption of their opponents) more frequent fluctua-

tions, still did not vary so widely from the mean, since in each case

it was the cheaper metal which determined the value,' and (2) the
action of Gresham's law would produce a compensatory action.

Thus, if silver be undervalued in a double-standard system, a drain
sets in to other countries where it is more valuable. The quantity
of silver is thus reduced and its value raised, whUe gold is imported,
its quantity increased, and its value lowered. Were gold the under-
valued metal, the converse process would take place. The sound-
ness of this position is illustrated by the case of the great transforma-
tion of the French currency (1849-1860). During the rapid increase

of the gold supplies the value of silver only rose about 3 per cent
;

in fact the depreciation was spread over the two metals, and not
confined to gold.* In addition to the above arguments, it was
urged by Wolowski that any attempts to establish a universal gold
standard as contemplated by the Paris conference of 1867 would
cause a great appreciarion of gold, which would be disastrous to
commercial interests, while silver would lose most of its value. The
services which the -double-standard countries rendered by acting aa
intermediaries between gold and silver standard countries was also

dwelt on, the ease with which the mass of silver needed for exporta-

tion to the East was supplied from France during the years 1853-56
being an instance in point. The monetary difficulties, as indicated

above, which followed the adoption of gold by Germany and the
Scandina^nan Union, as well as the embarrassment of the Indian
Government, from the resulting depreciation of silver, revived the
double-standard advocates. Cemuschi and De Laveleye came
forward as supporters of what the former called himefallism, that is

to say, the establishment of a universal, or at all events a large

international, currency, based on the concurrent circulation of the

two metals gold and silver at a fixed ratio. This plan has gained

many supporters, though the tendency among English economists

was at first to decline even to consider it ; and not even yet does

the question appear to have received that careful examination by
monometallists which would be desirable.'

The bimetallists start with a discussion as to the causes which
determine the value of money. They point out that there are two
extreme theories : one that the value of money depends on the will

of the sovereign (the fot theory); the other that the value of

money is entirely independent of state control, and determined by
economic conditions (the free trade theory). Neither of these is

accepted by the bimetallists. They take up a middle ground and
hold that, by its power of deciding what substance shall be deemed
legal tender and discharge all obligations, the state is able to deter-

mine, witAiri limits, what substances shall be money and what the

< Coi)is of the Realm, pp. 128-165.

•This objection to the double standard is also urged by Prof. Thorold

Rogers and by Bagehot Actual instances of the diflicultyoccnrred in

1860, and again in 1876, with the Bank of France.

• " Proposals for an Economical and Secure Currency," trorks (ed.

M'Culloch), p. 403.
' The superposition of two curves, each representing the variations

of one metal, and the formation of a third curve representing the

lowest concurrent points of each, will make this clear. See Jevons,

Honey, p. 138.
' See J. E. Caimes, Essays tn Pol. Ecoti., pp. 140-143.
® Air A. J. Wilson has collected a series of articles on Reciprocity,

Bimetallism, and Land Tenure Reform, and Prof. Bonaniy Price dealt

with Bimetallism and Fair Trade in his address to the Social Science

Congress in 1882. But there is no fair reason for placing fi. de Laveleye,

Ltuzati, Cemuschi, Dana Horton, and other supporters of bimetallisni

—and we may add Prof. F. A. Walker—in the samt) category with th«

advocates of (so-called) " Reciprocity,"
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value of those substances shall be. They argue from history that

sersral metals have been successively demonetized, that ditferoiit

ratios have been fixed between metals circulating together, that in-

"wnvertible paper currencies have been kept in circulation by the

\n\\ of the state. ' The doctrine of cost of production as determining

the value of money is also assailed by them. They hold that it is

the quantity of money which governs its value,' and that cost of

production has little or no influence in the matter. The next step in

the bimetallic argument is to contend that their proposed ratio for

gold to silver (Ito 15 J) can be maintained by the le^l regulations

to that effect. The common objection to bimetallism is, that which-

ever metal was undervalued would be exported. They answer that

the same ratio existing over all, or a great part of, the world, there

would be no inducement to export either metal, and in support

of their argument they appeal to the passage from Newton quoted

above, and claim him as the inventor of modern bimetallism.^

Thirdly, a greater stability as regards value is claimed for the two

metals combined than for either singly, since the fluctuations are

distributed over a wider field, and, the conditions of production of

gold and silver being somewhat ditferent, fluctuations in them tend

to counterbalance each other. A fourth point consists in the greater

facilities which would exist for trade, since the fluctuations of the

exchanges which arise from the existence of gold and silver currencies,

and the variations of relative value of these metals, would under

a bimetallic system disappear. The fifth argument for bimetallism

is the advantages which would result from the increased prices

caused by the greater abundance of money, or at all events from

the check to any fall in prices which might arise from a diminution

in the production of gold. The final argument is that a universal

currency is desirable, and that, a single gold currency being by
general consent practically impossible, this advantageous reform

can be realized in no other way than by adopting a plan which per-

mits the concurrent circulafion of two metals. Most of these posi-

tions are contested by the monometallists, and even where any
concession is made the value of the advantage to be reaped is esti-

mated at a much smaller amount. The contention that the value

of money is largely influenced by state demand is met by the

assertion that cost of production is the ultimate regulator of value,

and that any artificial regulation would stimulate the production of

the cheaper metal, and thus flood the world with it. The fixing of

a ratio different from the market one is derided by them as absurd,

and an extreme case is instanced for this purpose. Is it possible,

they ask, to make the value of silver equal to that of gold ? If not,

how can it be possible to alter the market ratio in even the slightest

degree ? Is there not a great demand for the precious metals in the

various trades J And would not the ratio of this demand be afi'ected

by the fixing of a new ratio ? The argument of bimetallista that

their system would produce greater stability in the value of money
is met by the answer that there is no proof of this. It is quite

|X)3sible that a single metal may be steadier in value than two com-
bined, and the evidence of history shows that silver is more liable

to depreciation than gold. The argument derived from the advan-

tages to exchange transactions is to a slight extent admitted, but
it is pointed out that the factors which affect the foreign exchanges

are so numerous, and are so rapidly eliminated in the course of

trade, that a radical currency change need not be adopted for this

purpose. It is also shown that, even when most European countries

were bimetallic, fluctuations in the exchange price of silver took

place ; and BtiH more that, where it is the less valuable metal that

is in course of depreciation, bimetallism can afford no aid. The
assumed, tendency of the bimetallic scheme to produce a higher

scale of prices than would otherwise prevail is dwelt on by oppo-

nents as a proof of its inherently vicious character. The claim to

benefit the world by adding to its stock of money places bimetal-

lists in the same class with the advocates of inconvertible paper

money, and shows the absence of reason in their views. Their

position becomes the same as that of the Birmingham currency

school The proposition that the quantity of money is of no con-

sequence since prices vary in proportion to it is cited as conclusive,

and the contempt so frequently expressed for bimetallists is ac-

counted for by their advocacy of this principle of the beneficial

eflects of an increased amount of money. To the contention that

bimetallism is the necessary condition for a universal coinage system

the answer is, that the idea of universal coinage is premature, and

that the gradual introduction of the gold standard is desirable as

preparing the way for a future universal coinage based on gold

monometallism. On the practical question as to the actual intro-

duction of the system, the monometallists deny the possibility of

1 See Dana Horton's paper on the Position o/ Law in the Doctrine of Money,

presented to the monetary conference of 1891 (Appendix ix. C).

« On p. 721, above, the theory of money value has been stated, and the objec-

tions to the cost of production theory given. It is strange to 6nd Jevons

arguing (in common with Bagehot and Prof. Price) that the value of money
ultimately depends on cost of production, when his examination of that doc-

trine in general is considered. Clompare ConUmp. Rev. (May 18SI) with Jevons's

Tft^orv 0/ Pol. £cOTi., p. 201 817. _ , ,_, ^ „.
» Modem bimetallists freely admit that two different bimetaUic systems—

i.e., having different rati08.^-could not eidat. for each would drain the other of

one metal.

forming a universal bimetallic league which would not be liable to

be broken up by -war, or impaired by some of the states which com-

posed it issuing inconverHble paper. On the other hand, the vanous

international conventions for postal purposes, extradition, com-

mercial arrangements, and other matters of interest, are considered

by bimetallists as evidences of the feasibility of their plan.*

The above summary gives the main arguments ou each side

of the discussion as given by the advocates of the contending

principles. A short consideration will show that the controversy

may be suitably divided into three heads, viz.— (1) the possibility

of constructing 4 universal bimetallic system which shall be in

accordance with sound economic principle ; (2), if the first question

be answered in the affirmative, the comparative merits of this

system as opposed to the present variety of systemfi, or a future

universal gold-standard system ; and (3) the expediency under

present circumstances of nations in general, and England in paiti-

cular, joining in the proposed convention. Each of these topics

calls for some remark. (1) The possibility of a bimetallic system

can hardly be denied. Under all the difiiculties attending its

existence in a single countjy, it was retained in practical work-

ing in France during the early part of the 18th century, and it

is plain that a widely-extended league would afford a better field

for its action. It is quite possible that national preferences for one

metal or the other would be displayed, but this would be no
hindrance, since the exchanges would be regulated by the legal rate,

and prices would depend on the total quantity of both metals

(the amount of gold being multiplied by the legal ratio, and added

to the amount of silver).' The objection which denies the power of

Governments to fix. the relative values of gold and silver, and which

is supported by the instance of the extreme case of silver being

made equal in value to gold, may be set aside by the consideration

that the use of the precious metals takes two forms

—

(a) their use

as commodities, (h) their use as money. Since the state can

influence the demand for these metals as money, and since therefore

it can raise the value of either of them by this increased demand, it

follows that, within assignable limits, it can fix the ratios between

them, and that these limits are "the ratio which would subsist

between their values if gold were demonetized, and that which

would subsist if silver were demonetized.." ' The possibility of bi-

metallism, if all nations were agreed, is allowed by some mono-

metallists {e.g., Professor Jevons), and an unconscious argument to

this effect was given by the proposal of Chevalier, at the time of the

Australian gold discoveries, to adopt silver as the standard and

demonetize gold^ which is a clear recognition of the force of law in

monetary questions. It is therefore reasonable to answer in the

bimetallists' favour the question first raised. (2) The considerations

to be taken into account under the second head are far more com-

plex, and do not admit of accurate determination. The present

currency systems of England and the Scandinavian Union are

based on the composite system, and afi'ord the greatest satisfaction

to the inhabitants of those countries. The bimetallic system of

the Latin Union has been suspended, the introduction of silver

as the principal money not being desired by the various peoples

concerned. Germany has lost considerably by the sales of depre-

ciated silver, and, were a gold standard once firmly «stablishea, it

is not likely that any wish for change would be manifested. With
silver countries the case is different. They have to receive masses

of depreciated silver and to give commodities in exchange, while

their purchasing power is reduced owing to the greater relative

value of gold to silver. It would therefore be clearly advantageous

for silver-usisg countries that a system should be adopted which
would raise the value of their money, and save them from the

necessity of importing large quantities of silver to produce a proper
adjustment. The ultimate consequences of the complete demone-
tization of sOver as regards silver-using countries are not so clear.

The supply of gold might suffice for all wants, and might furnish

abetter currency than the 'heavier silver. The preservation of

two separate monometallic systems, of gold for the more advanced

countries of Europe and the United States, of silver for Russia and
India, would, when the superfluous stock of silver had passed to

the East, present little difficulty after equilibrium was attained.

The new ratio between silver and gold would become established,

and silver prices in silver-using countries would be higher in pro-

portion to the fall in the value of silver. It is therefore plain that

a suitable adjustment would be reached under any variety ol

currency systems, and it may therefore be concluded that the

comparative merits of the competing standards are not capable of

* The principal sources for the above summary, besides works before cited,

are the pamphlets of Seyd, Cernuschi, and D.e Laveleye, on the bimetallisi

side, as well as the articles of the latter in the Fort, and Contemp. Reviews.

.The monometallist arguments are given by Prof. Jevons {Contemp-, May 1881X
Mr R. Giffen {Essays in Finance, pp. 286-310), and Ixird Sherbrooke {^'incteenth

Century, April 1882). See also the Report of the Paris conference, 18S1, and
Mr T. H. Farrer, The State in its Reiation to Trade, pp. 49-52.

8 It is assumed that the other factors which influence the value of money
(see p. 722, above) remain constant.

« Mr J. J. Murphy in Dublin Statistical Joumat, vol. viii. p. 282. See also

M. Walras, Journal des £conomi5fes. May 1881, "Th^orie Math^matique cu
bimfitallisme."
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being -decided at present. The immediate introduction of a

universal gold currency is by the admission of all parties eminently

undesirable, and this is the only settled point in the controversy.

(3) Thff-last head which the bimetallic question embraces is the

practical expediency of joining in a Dimetallic league with

a ratio of 1 to 15^. AVith regard to this aspect of the question

the ansvfer, for England at least, ought to be a negative one. The
present English monetary system has worked well. It is firmly

rooted in English habits, and is not therefore to be lightly aban-

doned. Again, the interests of English creditors are plainly opposed

to any movement calculated to raise the value of silver relatively to

gold, and to depreciate prices in general. The threat of some bi-

metallists, that all nations will bo driven to adopt a gold standard,

and thus produce a crisis in the English money market by the

resulting gold drain, is of no weight ; any drain ol Er.gash gold will

have to be paid for at a high price, and the simple expedient of

raising the oank-rate will restore as much bullion as is needed in

England- The interests of other countries cannot be so clearly

determined. A state like Germany, holding a largo store of depre-

ciated silver, may desire other states to become bimetallic, but will

hardly desire to do so herself. The interests of India and other

silver-standard countries have been considered before. "WTien all

these aspects of the question have been examined the most probable

conclusion is, that the chances of a bimetallic league in the imme-
diate future are very small, and that future monetary evolution will

be ruled rather by the course of events, and the pressure of circum-

stances in each separate state, than by the conscious deliberations

'>{ an international conference.

Bibliography.—The literature of the various questions connected
with money is very extensive, and only a brief notice o£ it can be
given here. The principal authority among the Greeks is Aristotle,

who in two passages {Xic. Elh., v. 5 ; Pol., i. 9) has discussed the

qualities of money, and pointed out its functions with great clear-

ness. Xenophon also, in his work Oa the Athenian Utate, dealt

with the value of the precious metals, though his views are partially

erroneous. The only passages worth noticing in Latin literature

are those of Pliny, who seems to have held a form of the mercantile

theory, and Paulus, who, in a fragment preserved in the Digest, has

treated of the origin of money. The medieval literature embraces

several works dealing specially mth the question of changes in the

standard of money, which were condemned by tlie theologians. The
first treatise professedly on the special subject of money is a work
by -Nicholas Oresme, bishop of Lisieux (oJ. 1382), entitled De Origins,

Natura, Jure, ei ilutaiionibus Monetarum, reprinted in 186-4 (Paris)

by Wolowski, and even now worth reading. The next work to

be noticed is the Ds Monetarum. Potcstate simul et Utilitate libellus

(Nuremberg, 1542), a fragment or a larger treatise on economics, of

Gabriel Biel [ob. 1495). It has been remarked that "the favourite

subject of the economists of the 16th century was that of money."
The first of these works to be noticed is De Monctm Cudendee Ratione

by Copernicus, reprinted along with the work of Oresme above
mentioned. At a later date the Jesuit Mariana discussed the varia-

tions in prices under the title De Monctss Mulatione. In the same
century an anonymous work appeared in German, with the title

Gemeine Stimmcn von der Muntze (1530). In 158S Davanzati issued

Lezione dclle ilonete, advocating a bimetallic ^stom. The problem
of the elevation of prices caused by the American mines led to the

issue of several works, oae of the most remarkable being the

Dialogues of William Staflbrd (1581).

In the 17th century Sir W. Petty dealt with money in a tract,

Quantulumcumquii (1682). Tlio recoinage of 1696 called forth

Lowndes's Essay for the .Amendment of the Silver Coins, and Locke's

further Considerations eoncerniny raising the Value of.Money. lu

the 18th century the Reports oS Sir I. Newton, as Master of the Mijit,

are valuable. Cantillon's Essai (Paris, 1755) contains in its 2d aad
3d parts a sound aci-ount of currency. Harris's Essay on Money
and Coins (1757) is also useful. An earlier tract by Rice Vaughan,
Discourse of Coin and Coinage (1G75), is brief, but correct in prin-

ciple. Adam Smith's JVealth of Kations (London, 1776> discusses

the subject of money in B. i chs. 4 and 5, while seigniorage is

examined in B. iv. ch. 6. The treatise, The Coins of the Realm
(London, 1805), by the first earl of Liverpool, elaborately discussed

the question of the proper standard, and has powerfully influenced

monetary legislation in England and Germany. Ricardo's pam-
phlets on the bullion question added to the knowledge of the laws

which regulated a depreciated currency. Senior, in his Lectures

on the Cost of obtaining Money (London, 1829), developed the theory

of the international distribution of the precious metals.

The last half century has been a time of active discussion regard-

ing monetary questions,—the gold discoveries, international coin-

age,4decimal coinage, bimetallism, the resumption of specie pay-

ments in countries where an inconvertible currency has existed,

each of these topics having had its special literature. Some of these

works have been mentioned when dealing with the special questions

they refer to, and these, in turn, refer to many others. It will

suffice here to mention more general works. The theory of money
is dealt with by the leading English economists in their systematic

works (Mill, Principles, B. ill chs. 7-10, 19, 21 ; Fawcett, Manual,
B. ui. chs. 5, 6, 15, 16 ; Shadwell, System, B. iiL chs. 1-3 and 8),

also by Cherbuliez (Precis, B. ii. ch. 3, vol. i. and B. iL ch. 3, voL
ii.). Chevalier has devoted the third volume of his Cours (Paris,

1842-60) to the siibject, with the title of "La Monnaie." The late

Professor W. S. Jevons's valuable work. Money and the Mechanism of
Exchange, and Professor Hussey AValsh's concise Treatise on Metallic

Currency (Dublin, 1853) may also be used. More elaborate than
either of these is F. A. Walker's Money, the most comprehensive
work on the subject in English ; his smaller work. Money in its

Relation to Trade and Industry, is likewise very good. Wolowsk'.'s

V Or ct rArgent contains mucli information, as does also Enies's

Das Geld. E. Seyd's Bullion and Foreign Z'xcAan^M is serviceable,

but the changes since its publication (1869) deprive it of most of

its value. The various editions of Tate's Carnbist give the most
accurate (though often imperfect) statements as to the facts of

currency. Jacob's work on The Production and Consumption of
the Precious Metals gives many interesting details, though the

conclusions are often fanciful, and the authorities relied on not
trustworthy. The recent work of Del Mar, History of the Precious

Metals (London, 1880), furnishes a criticism and continuation of

Jacob, and supplies many new details. His criticism of the
" cost of production " theory as applied to gold and silver is especi-

ally useful Some of his views on the moral aspects of the question
need qualification. Professor Sumner's History of the American
Currency may be relied upon for its facts. The Reports of the various

conferences also supply abundant information on their special topics.

Among these may be mentioned the Proceedings of the Paris- con-
ferences of 1867, 1878, and 1835 ; the Decimal Coiiutge Commission
(1868) ; the French Enqu^te Monetaire (1870) ; and the Report of the

Committee of the House of Commons on the Depreciation of Silver

(1876). The Reports of the (English) Mint furnish information as to

the coinage changes of each preceding yeait (C. F. B.)

MONFERRATO, or Montfeeeat, an ancient marquisate

of North Italy, in the valley of the Tanaro, the name of

which still survives in the fulliif title (Casale ilonferrato)

of the town of Casale. The princes of Monferrato were

among the most powerful Italian families of the Middle

Ages. Among them were several famous crusaders

:

Conrad, prince of Tyre from 1187 to 1192, the valiant

opponent of Saladin ; and Boiiiface, king of Thessalonica

from 1183 to 1207. In 1305, on the extinction of the

male line, the marquisate passed to Theodore Pal^ologus

through his mother, the empress Irene. The Palaeologi

became extinct in -1533. The duchy was subsequently

attached to Mantua, and ultimately absorbed in Savoy in

the beginning of last century,

MONGE, Gaspaed (174^-1818), French mathemati-

cian, the inventor of descriptive geometry, was born at

Beaune on the 10th May 17-16. He was educated first at

the college of the Oratorians ^t Beaune, and then in their

college at Lyo^s,—where, at sixteen, the vear after he had

been learning physics, he was made a teacher of it.

Returning to Beaune for a vacation, he made, on a largo

scale, a plan of the town, inventing the methods of obser-

vation and constructing the necessary instruments ; th?

plan was presented to the tovm, and preserved in theiv

library. .An officer of engineers seeing it wrote to recom-

mend Monge to the commandant of the military school aii

Mizi^res, and he was received as draftsman and pupil in

the practical school attached to that institution ; tha

school itself was of too aristocratic a character to aOow of

his admission to it. His manual skill was duly appreci-

ated :
" I was a thousand times tempted," he said long

afterwards, " to tear up my drawings in disgust at the

esteem in which they were held, as if I had been good for

nothir^ better." An opportunity, however, presented itself:

beinj^ i ,quired to work out from data supplied to him the

"de Jement" of a proposed fortress (an operation then
on'y performed by a long arithmetical process), Monge,
substituting for this a geometrical method, obtained the
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result so quickly that tlie commandant at first refused to

receive it—the time necessary for the work had not been

taken ; but upon examination the value of the discovery

was recognized, and the method was adopted. And Monge,

continuing his researches, arrived at that general method

of the application of geometry to the arts of construc-

tion which is now called descriptive geometry. But such

was the system in France before the Revolution that the

officers instructed in the method were strictly forbidden

to communicate it even to those engaged in other branches

of the public service; and it was not until many years after-

wards that an account of it was published. The method
consists, as is well known, in the use of the two halves of

a sheet of paper to represent say the planes of xy and xz

at right angles to each other, and the consequent repre-

sentation of points, lines, and figures in space by means
of their plan and elevation, placed in a determinate relative

position.

In 1768 Monge became professor of mathematics, and
in 1771 professor of physics, at M^ziires; in 1778 he

married Madame Horbon, a young widow whom he had
previously defended in a very spirited manner from an
unfounded charge; in 1780 he was appointed to a chair

of hydraulics at the Lyceum in Pa,ris (held by him together

with' his appointments at M^ziferes), and was received as a

member of the Academy ; his intimate friendship with

Berthollet began at this time. In 1783, quitting Mezieres,

he was, on the death of Bezout, appointed efeminer of

naval candidate. Although pressed by the minister to

prepare for them a complete course of mathematics, he
declined to do so, on the ground that it would deprive

Madame Bezout of her only income, arising from the sale

of the works of her late husband ; he wrote, however

(1786), his Traite elenientaire de la Statique.

Monge contributed (1770-1790) to the Jfemoirs of the

Academy of Turin, the Memoires des Savants Strangers of

the Academy of Paris, the Memoires of the same Academy,
and the Annates de Chiniie, various mathematical and
physical papers. Among these may be noticed the memoir
" Sur la theorie des d^blais et des remblais " {Mem. de

I'Acad. de Paris, 1781), which, while giving a remarkably

elegant investigation in regard to the problem of earth-

work referred to in the title, establishes in connexion with

it his capital discovery of the curves of curvature of a

surface. Euler, in his paper on curvature in the Berlin

Memoirs for 1760, had considered, not the normals of the

surface, but the normals of the plane sections through a

particular normal, so that the question of the intersection

of successive normals of the surface had never presented

itself to him. Monge's memoir just referred to gives the

ordinary differential equation of the curves of curvature,

and establishes the general theory in a very satisfactory

manner ; but the application to the interesting particular

C3&e of the ellipsoid was first made by him in a later paper _

in 1795. A memoir in the volume for 1783 relates to

the production of water by the combustion of hydrogen
;

but Monge's results in this matter had been anticipated

by Watts and Cavendish.

In 1792, on the creation by the Legislative Assembly

of an executive council, Monge accepted the office of

minister of the marine, but retained it only until April

1793. Wr.sn the Committee of Public Safety made an

appeal to the savants to assist in producing the materiel

required for the defence of the republic, he appUed him-

self wholly to these operations, and distinguished himself

by his indefatigable activity therein ; he wrote at this

time his Description de Fart de fabriquer les canons, and
his Avis aux ouvi'iers en fer sur la fabrication de I'acier.

He took a very active part in the measures for the

establishment of the Normal Schorl (which existed only

during the first four months of the year 1795), and of

the School for Public Works, afterwards the Poljrtechnic

School, and was at each of them professor for descriptive

geometry ; his methods in that science were first pub-

lished in the form in which the shorthand writers took

down his lessons given at the Normal School in 1795, and
again in 1798-99. In 1796 Monge was sent into Italy

with Berthollet and some artists to receive the pictures

and statues levied from several Italian towms, and made
there the acquaintance of General Bonaparte. Two years

afterwards he was sent to Rome on a political mission,

which terminated in the establishment, under Massena, of

the shortlived Roman republic ; and he thence joined the

expedition to Egypt, taking part with his friend Berthollet

as well in various operations of the war as in the scientific

labours of the Egyptian Institute of Sciences and Arts

;

they accompanied Bonaparte to SjTia, and returned with

him in 1798 to France. Monge was appointed president

of the Egyptian commission, and he resumed his connexion
with the Polytechnic School. His later mathematical
papers are published (1794-1816) in the Journal and the

Correspondance of the Polytechnic School. On the forma-

tion of the Senate he was appointed a member of that

body, with an ample provision and the title of count of

Pelusium ; but on the fall of Napoleon he was deprived of

all his honours, and even excluded from the list of mem-
bers of the reconstituted Institute. He died at Paris on
the 28th July 1818,

For further information see B. Brisson, l^otice historiqite sur
Gaspard Monge ; Dupin, Essai historique sur Ics services et les tra-

vaiix scientifiqucs de Gaspard Monge, Paris, 1819, which contains

(pp. 162-166) a list of Monge's memoirs and works; and the bio-

graphy by Arago (CEuvres, t. ii., 1854).

llonge's various mathematical papers are to a coflsiderable

extent reproduced in the Application de VAnalyse a la OeomUrie,
4th edition (last revised by the author), Paria, 1819—the pure taxt

of this is reproduced in the 5th edition (revue, comgee et annotee
par M. Liouville), Paris, 1850, which contains also Gauss's Jlemoir,
** Disquisitiones generales circa superficies curvas," and some valu-
able notes by the editor. The other principal separate works are

Traits derruntaire de la Statique, 8« edition, conform^c d la pr^ci-

dente, par M. Eachette, et suivie dune Note etc., par if. Cauchy,
Paris, 1846; and the Geomitrie Descriptive (originating, as mentioned
above, in the lessons given at the Normal-School). The 4th edition,

published shortly after the author's death, seems to have been sub-
stantially the same as the 7th (Giomitrie Descriptive par G. Monge,
suivie d'une thioric des Ombres et de la Pc'rsvecli'ie, extraite despapiers
de I'auteur, par M. Brissoif, Paris, 1847). (A. CA.)

JIONGHYR, or MtrNGiE, a district in the lieutenant-

governorship of Bengal, lying between 24° 22' and 25° 49'

N. lat., and 85° 40' and 86° 52' E. long., is bounded on
the N. by Darbhangah and Bhdgalpur, on the E. by BhAgal-

pur, on the S. by the Sant^l ParganAs and HazAribAgh, and
on the W. by GayA, Patni, and Darbhangah, with an area

of 3922 square miles. The Ganges divides the district

into two portions. The northern, intersected by the Burl

Gandak and Tiljugi, two important tribv dries of the

Ganges, is always liable to inundation during the rainy

season, and is a rich, flat, wheat and rice country, support-

ing a large population. A considerable area, immedi-
ately bordering the banks of the great rivers, is devoted to

permanent pasture. Immense quantities of buffaloes are

sent every hot season to graze on these marshy prairies
;

and the ghi, or clarified butter, made from their milk

forms an important article of export to Calcutta. To the

south of the Ganges the country is dry, much less fertile,

and broken up by fragmentary ridges. The soil consists

of quartz, mixed in varying proportions with mica. Ranges
of hills inters ;ct this part of the district, and in the

extreme south form conical peaks, densely covered with

jungle, but of no great height. Irrigation is necessary

throughout the section Ijnng on the south of the Ganges.
In 1872 the population of Monghyr was 1,812,986 (males,

857.074: females 915,912): Hindus, 1,613,546 ; Jlohammcdans,
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182,269 ; the remainder, consisting mainly of aboriginal tribes and
hill races, profess primitive forms of faith. There are als6 a few
Buddhists and Christians. Seven towns contained upwards of
5000 inhabitants in 1872—Monghyr, 69,698 ; Shaikhpura, 11,536 ;

Jamalpur, 10,453; Barbiya, 10,405; Surajgarba, 7935; Bdrbigha,.
6362 ; and Jamiii, 5197. No trustworthy statistics of the area under
cultivation exist since the revenue survey in 1847. when it was
returned at 1,311,768 acres ; it is known, however, that cultiva-

tion has largely extended since then. The land is held principally

under the tenure known as bhdoli-jot, by which the tenant pays
rent, either in money or in kind, according to the out-turn of his

crops in each year. It is of ancient standing, and popular with
the tenantry. Monghyr is famous for its manul'actures of iron :

tirearms, swords, and iron articles of every kind are produced in

abundance, but are noted for cheapness rather than quality. The
art of inlaying sword-hilts and other articles with gold and silver

affords employment to a few families. The most important manu-
facture, however, is that of indigo, conducted by means of Euro-
pean capital ahd under European supervision The total area
under indigo is estimated at about 10,000 acres, with an average
out-turn of 2900 cwts. of dye. Minor industries include weavmg,
dyeing, cabinet-making, boot-making, soap-boiling, and pottery.

The principal exports, sentto Calcutta both by rail and river, are

oil-seeds, wheat, rice, indigo, gram and pulse, bides, and tobacco
,

and the chief imports consist of European piece goods, salt, and
sugar. The value of the former in 1876-77 was £430,000, and of the

latter £314,p00. Education is making fair progress, and in lfe74-

75 there were 229 Government and aided schools, attended by 6675

pupils. The climate is dry and healthv. The temperature is high

in the hot weather, reaching 107° Fahr. in May ; but the cold

weather is cool and pleasant. The average annual rainfall is 46J
inches. Malarial fever is comparatively uncommon, hut epidemics

of cholera occur frequentlj'.

Monghyr was one of the principal centres of the Mohammeap.n
administration in Bengal. In tlie early years of .British rule,

Monghyr formed a part of Bhagalpur, and was not created a
separate district till 1832.

MoNGHYK, chief town and administrative headquarters

of the above district, is situated on the south bank of tlie

Ganges (25° 22' N. lat., 86° 30' E. long.). The population

in 1872 was 59,698: viz., Hindus, 44,900; Mohammedans,
14,346; Buddhists, 33; Christians, 305; "others," 24.

In 1195 Monghyr, a fortress of great natural strength, appears to

have been taken by Muhammad Bakhtyar Khilji, the first iloslem
conqueror of Bengal Henceforth it is often mentioned by the
Mohammedan chroniclers as a place of military importance, and
was frequently chosen as the seat of the local government. After

1590, when Akhar established his supremacy over the Afghan
chiefs ot Bengal, Monghyr was long the headquarters of his general,

Todar Mall , and it also figures prominently during the rebellion

of Sultan Shuja against his brother, Aurangzeb. In more recent

times Nawab Mir Kasim, in his war with the English, selected it

as his residence and the centre of his military preparations. The
fame of Monghyr armourers is said to date fiom the arsenal which
he established. The town is now purely a civil station- and ia

some resDccts one of the niost oicturesoue in Renmil.

MONGOLS
THE early history of the Mongols, like that of all

central-Asian tribfes, is extremely obscure. Even the

meaning of the name " Mongol " is a disputed point, though

a general consent is now given to Schott's etymology of the

word from " mong," meaning brave. From the earliest

and very scanty notice we have of the Mongols in the

history of the T'ang dynasty of China (a.d 619-90) and

in works of later times, it appears that their original

camping-grounds were along the courses of the Kerulon,

Upper Nonni, and Argun rivers. But in the absence of

all historical particulars of their origin, legend, as is usual,

has been busy with their early years. The Mongol historian

Ssanang Ssetzen gives currency to the myth that they sprang

from a blue wolf ; and the soberest story on record is that

their ancestor Budantsar was miraculously conceived of a

Mongol widow. By craft and violence Budantsar gained

the chieftainship over a tribe living in the neighbourhood

of his mother's tent, and thus left a heritage to his son.

Varying fortunes attended the descendants of Budantsar,

but on the whole their power gradually increased, until

Yesukai, the father of Jenghiz Khan, who was eighth in

descent from Budantsar, made his authority felt over a

considerable area. How this dominion was extended under

the rule of Jenghiz Khan has already been shown (see

Jenghiz Khan), and when that great conqueror was laid

to rest in tl e valley of iCeleen in 1227 he left to his sons

an empire wh^jh stretched from the China Sea to the banks

of the Dnieper.

Over the whole oi tms vast region Jenghiz Khan set his

second surviving son Oghotai or Ogdai as khakan, or chief

khan, while to the family of his deceased eldest son Juchi

he assigned the country from Kayahk and Kharezm to

the borders of Bulgar and Saksin " where'er the hoofs of

Mongol horses had tramped ;" to Jagatai, his eldest sur-

viving son, the territory from the borders of the Uigur

country to Bokhara ; while Tule, the youngest, received

charge of the home country of the Mongols, the care of the

imperial encampment and family, and of the archives of

the state. The appointment of Ogdai as his successor, be-

ing contrary to the usual Mongol custom of primogeniture,

gave rise to some bitterness of feeling among the followers

of Jagatai. But the commands of Jenghiz Khan subdued

these murmurs, and Ogdai was finally led to the throne

by his dispossessed brother amid the plaudits of the

assembled Mongols. The 'ceremony was completed by
Ogdai making three solemn genuflexions to the sun, and
by the princes taking an oath by which they swore "that

so long as there remained of his posterity a morsel of flesh

which thrown upon the grass would prevent the cows from
eating, or which put in the fat would prevent the dogs
from taking it, they would not place on the throne a prince

of any other branch." In accordance with Mongol customs,

Ogdai signalized his accession to the throne by distribut-

ing among his grandees presents from his father's treasures,

and to his father's spirit he sacrificed forty maidens and
numerous horses. Once fairly on the throne, he set himself

vigorously to follow up the conquests won by his father.

At the head of a large army he marched southwards into

China to complete the ruin of the Kin dynasty, which had
already been so rudely shaken, while at the same time Tu]6

advanced into the province of Honan from the side of Shense.

Against this combined attack the Kin troops made a vigor-

ous stand, but the skill and courage of the Mongols borp

down every opposition, and over a hecatomb of slaughtered

foes they captured Kai-fung Foo, the capital of their ene-

mies. From Kai-fung Foo the emperor fled to Joo-ning

Foo, whither the Mongols quickly followed. After sus-

taining a siege for some weeks, and enduring all the horrors

of starvation, the garrison submitted to the Mongols, and

at the same time the emperor committed suicide by hang-

ing. Thus fell in 1234 the Kin or "(Mden" dynasty,

which had ruled over the northern Bortion of China for

more than a century.

But though Ogdai's first care was to extend his empire

in the rich and fertile provinces of China, he was not

forgetful of the obligation under which Jenghiz Khan's

conquests in western Asia had laid him to maintain his

supremacy over the kingdom of Kharezm. This was the

more incumbent on him since Jeldl al-dln, who had been

driven by Jenghiz into India, had returned, reinforced by
the support of the sultan of Delhi, vliose daughter he had
married, and, having reconquered his hereditary domains,

had advanced westward as far as Tiflis and Khelat. Once
more to dispossess the young sultan, Ogdai sent a force

of 300,000 men into Kharezm. With such amazing ra-

pidity did this army march in pursuit of its foe that the
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advanced Mongol guards reached Amid (Diarbrikr), whither

JelAl al-dln had retreated, before that unfortunate sovereign

had any idea of their^ approach. Accompanied by a few
foUowers, JeUl al-dfn fled to the Kurdish mountains, where

he was basely murdered by a peasant. The primary object

of the Mongol invasion was thus accomplished; but, with

the instinct of their race, they made this conquest but a

stepping-stone to another, and without a moment's delay

pushed on still farther westward. Unchecked and almost

unopposed, they overran the districts of Diarbekr, Meso-

potamia, Erbll, and Khelat, and then advanced upon
Azerbijan. So great was the terror with which these

fierce warriors inspired the people of the provinces they

attacked that single Mongols are said to have slain the

inhabitants of entire villages without a hand having been

raised against them. In the following year (1236) they

invaded Georgia and Great Armenia, committing frightful

atrocities, sparing neither man nor woman, young nor old,

with the exception of those whom they saved to ipinister

to their wants or passions. Tiflis was among the cities

captured by assault, and Kars was surrendered at their

approach in the vain hope that submission would gain

clemency from the victors. Meanwhile, in 1235, Ogdai,

whose troops wei'fe as numerous as their thirst for conquest

was devouring, despatched three armies in as many direc-

tions. One was directed against Corea, one against the

Sung dynasty, which ruled over the provinces of China

south of the Yang-tsze Keang, and the third was sent west-

ward into eastern Europe. This last force was commanded
by Batu, the son of Juchi, Ogdai's deceased eldest brother,

who took with him the celebrated Sabutai Bahddur as his

chief adviser. Biilgar, the capital city of the Bulgais, fell

before the force under Sabutai, while Batu pushed on over

the Volga. With irresistible vigour and astonishing speed

the Mongols made their way through the forests of Penza

and Tambofl^ and appeared before the " beautiful city " of

Riazan. For five days they discharged a ceaseless storm

of shot from their bahstas, and, having made a breach in

the defences, carried the city by assault on the 21st of

December 1237. "The prince, with his mother, wife,

sons, the boyars, and the inhabitants, without regard to

age or sex, were slaughtered with the savage cruelty of

Mongol revenge ; some were impaled, some shot at with

arrows for Bport, others were flayed or had nails or splinters

of wood driven under their nails. Priests were roasted

alive, and nuns and maidens ravished in the churches

before their relatives. 'No eye remained open to weep

for the dead.' " Moscow, at this time a place of little

importance, next fell into the hands of the invaders, who
then advanced against Vladimir. After having held out

for several days against the Mongol attacks, the city at

length succumbed, and the horrors of Riazan were repeated.

The imperial family, with a vast crowd of fugitives, sought

shelter in the cathedral, only to perish by the swords of the

conquerors or by the flames which reduced it to ashes. If

possible, a more dire fate overtook the inhabitants of

Kozelsk, near Kaluga, where, in revenge for a partial

defeat inflicted on a Mongol force, the followers of Batu

held so terrible a " carnival of death " that the city was
renamed by its captors Mobalig, " the city of woe." With
the tide of victory thus strong in their favour t\e Mongols

advanced against Illefi', " the mother of cities," and carried

it by assault. The inevitable massacre followed, and the

city was razed to the ground. While the scene of blood-

shed was at its height a catastrophe occurred which at

any other time would have been considered of supreme

horror. Under the weight of a vast crowd of fugitives

the flat roof "d the metropolitan church fell in, burying

all, young and old, in a vast hecatomb.

Victorious and always advancing, the Mongols, having

desoUted this portion of Russia, moved on ill two divisions,

one under Batu into Hungary, and the other under Baidar

and Kaidu into Poland. Without a check, Batu marched
_

to the neighbourhood of Pesth, where the whole force of

the kingdom was arrayed to resist him. The Hungarian

army was posted on the wide heath of Mohi, which is

bounded by "the vine-clad hills of Tokay," the mountains

of Lomnitz, and the woods of Diosgyor. To an army thus

hemmed in on all sides defeat meant ruin, and Batu

instantly recognized the dangerous position in which his

enemies had placed thernselves. To add to his chances of

success he determined to deliver his attack by night, and

while the careless Hungarians were sleeping he launched

his battalions into their midst. Panic-stricken and help-

less, they fled in all directions, followed by their merciless

foes. Two archbishops, three bishops, and many of the

nobUity were among the slain, and the roads for two days'

journey from the field of battle were strewn with corpses.

The lung, Bela IV., was saved by the fleetness of hia

horse, though closely pursued by a body of Mongols, who
followed at his heels as far as the coast of the Adriatic,

burning and destroying everything in their way. Mean-

while Batu captured Pesth, and on Christmas Day 1241,

having crossed the Danube on the ice, took Gran by assault.

While Batu had been thus triumphing, the force imder

Baidar and Kaidu had carried fire and sword into Poland.

At their approach the inhabitants of Cracow deserted the

city, after having given it over to the flames. Disappointed

at the loss of their expected spoil, the Mongols advanced

to Wahlstatt in the neighbourhood of Liegnitz, where the

Polish army under Duke Henry 11. of Silesia awaited their

onslaught. With savage impetuosity, the troops of Baidar

rushed to the attack, and conwletely defeated the Poles.

As usual, no quarter was given. The massacre was fright-

ful, and Duke Henry himself was amongst the slain. It

was a Slongol Eabit to cut oflf an ear from each corpse of

their slaughtered foes, and on this occasion it is said that

they filled nine sacks with these ghastly trophies. Follow-

ing the example of the inhabitants of Cracow, the people

of Liegnitz left but the blackened walls of what had once

been the town as a prey for the Mongols, who without

delay pushed south-eastward into Moravia as far as the

vicinity of Troppau. While laying waste the country in

the neighbourhood of that town, they received the an-

nouncement of the death of Ogdai, and at the same time

a summons for Batu to return eastwards into Mongolia.

While his Heutenants had .been thus carrying his arms

in all directions, Ogdai had been giving himself up to

ignoble ease and licentiousness. Like many Mongols, he

was much given to drink, and it was to a disease produced

by this cause that he finally succumbed on the 11th of

December 1241. He was succeeded by his son Kuyuk, who
rsigned only seven years. Little of his character is known,

but it is noticeable that his two ministp.rs to whom he left

the entire conduct of affairs were Christians, as also were his

doctors, and that a Christian chapel stood before his tent.

This leaning towards Christianity, however, brought no

peaceful tendencies ivith it. On the contrary, we hear of

an advance against the sultan of Rilm (Asia Minor), and of

an expedition into Sjrria, by which that country was made
tributary to the Great Mongol empire, of a fresh campaign

against Corea, and of another attack on the Sung dynasty

of China. On the death of Kuyuk dissensions which had

been for a long time smouldering between the houses of

Ogdai and Jagatai broke out into open war, and after

the short and disputed reigns of Kaidu and Chapai, grand-

sons of Ogdai, the lordship passed away from the house

of Ogdai for ever.

On the 1st of July 1251 Mangu, the eldest son o

Tul6, and nephew to Ogdai, was elected khakan. Witi
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perfect impartiality, Jlangu allowed the light of his coun-

tenance to fall upon the Christians, Jlohanimedans, and

Buddhists among his subjects, although Shamanism was
recognized as the state religion. Two years after his

accession his court was visited by Rubruquis and other

Christian monks, who were hospitably received. The de-

scription given by Eubruquis of the khakan's palace at

Karakorum shows how wide was the interval which sepa-

rated him from the nomad, tent-living Ufe of his fore-

fathers. It wa.s " surrounded by brick walls. ... Its

southern side had three doors. Its central hall was like a

church, and consisted of a nave and two aisles, separated

by columns. Here the court sat on great occasions. lu

front of the throne was placed a silver tree, having at its

base four lions, from whoso mouths there spouted into

four silver basins wine, kumiss, hydromel, and terasine.

At the top of the tree a silver angel sounded a trumpet
when the reservoirs that supplied the four fountains wanted
replenishing." On his accession complaints reached Mangu
that dissensions had broken out in the province of Persia,

and he therefore sent a force under the command of his

brother Hulagu to punish the Ismailites or Assassins, who
•were held to be the cause of the disorder. Marching
by Samarkand and Kesh, Hulagu crossed the Oxus and
advanced by way of Balkh into the province of Kohistan.

The terror of the llongol name induced Kokn al-din, the

chief of the Assassins, to deprecate the wi-ath of Hulagu
by oflFers of submission, and he was so far successful that

he was able to purchase a temporary immunity from mas-

sacre by dismantling fifty of the principal fortresses in

Kohistan. But when once the country had thus been left

at the mercy of the invaders, their belief in the old saying
" Stone dead hath no fellow " sharpened their battle-axes,

and, sparing neither man, woman, nor child, they extermin-

ated the unhappy people. Hulagu then marched acro.ss

the snowy mountains in the direction of Baghdad. On
arriving before the town he demanded its surrender. This
being refused, he laid siege to the walls in the usual destruc-

tive Mongol fashion, and at length, finding resistance hope-

less, the caliph was induced to give himself up and to open
the gates to his enemies. On the 15th of Februaiy 1263
the Mongols entered the walls, and, following their in-

stincts, sacked the city. For seven days it was given up
to pillage, fire, and the sword, and the number of killed

Vfas said to have reached the enormous sum of 800,000.
For the moment the caliph's life was spared, and he was
allowed to carry away 100 wives out of 700 who lived in

his harem, as being those upon whom " neither the sun
nor moon had shone." But his fate soon overtook him.

Accounts differ as to the circumstances of his death, some
saying that he was sewn up in a sack and trodden to

death by horses, others that he was starved to death. To
the Moslem world his loss was a religious catastrophe, as

by it Islam lost its spiritual head. While at Baghdad
Hulagu gave his astronomer, NAsir al-dln, permission to

build an observatory. The town of Maragha was the site

chosen, and, under the superintendence of Nisir al-dln and
four western Asiatic astronomers who were associated with
liim, a handsome observatory was built, and furnished with
" arrnillary spheres and astrolabes, and with a beautifully-

executed terrestrial globe showing the five climates." One
terrible result of the Mongol invasion was a fearful famine,

which desolated the provinces of Irak-Arabi, Mesopotamia,
Syria, and Riim. But, though the inhabitants starved, the

Mongols had strength and energy left to continue their

onward march into Syria. Aleppo was stormed and
Backed, Damasciis surrendered, and Hulagu was meditating

the capture of Jerusalem with the object of restoring it to

the Christians when he received the news of Mangu's deatu,

and, as in duty bourd, at once sot out on his retiun to

Mongolia, leaving Kitubuka in command of the Mongol

forces in Syria. As a reward for his services, Hulagu

received the investiture of his conquests, and established

there the empire of the Ukhans.

While Hulagu was prosecuting these conquests in western

Asia, Mangu and his next brother Kublai were pursuing

a like course m southern China. Southward they even

advanced into Tong-king, and westward they carried their

arms over the frontier into Tibet. But in one respect there

was a vast difference between the two campaigns. Under

the wise command of Kublai all indiscriminate massacres

were forbidden, and probably for the first time in Mongol
history the inhabitants and garrisons of captured cities

were treated with humanity. AMiile carrj-ing on the war

in the provmce of Sze-ch'uen Mangu was seized with an

attack of dysentery, which proved fatal after a few days'

illness. His body was carried into Mongolia on the backs

of two asses, and, in pursuance of the custom of slaughter-

ing every one encountered on 'the w'ay, 20,000 persons

were, according to Marco Polo, put to the sword.

At the Kuriltai, or assembly of notables, which was held

at Shang-tu after the death of Mangu, his brother Ku-

blai (see Kublai Khan) was elected khakan. For
thirty-five years he sat on the Mongol throne, and at his

death in 1294, in his seventy-ninth year, he was succeeded

by his son Timur Khan, or, as he was otherwise called,

lUdsheitu Khan. The reign of this sovereign was chiefly

remarkable for the healing of the division which had for

thirty years separated the families of Ogdai and Jagatai

from that of the rvding khakan. Uldsheitu was succeeded

by his nephew Khaissan. In accordance with the usual

ceremony, on the election being announced four of the

princes of the blood raised the new khakan aloft on a
piece of white felt, two others supported him, while a
seventh ofi^red him the cup. •' Meanwhile, while Shaman
offered up prayers for his prosperity and saluted him by
the title of Kuluk Khan, carts full of gold pieces and rich

tissues were brought out and distributed. So many pearls

were spread on the ground that it resembled the sky.

The feast lasted a week, during each day of which 40 oxen
and 4000 sheep were consumed. Libations of milk from

700 sacred cows and 7000 ewes were sprinkled on the

ground." With that tolerance which so markedly char-

acterized the Mongols at this period, Kuluk worshipped

indiscriminately at the temples of the Chinese Shang-te

and before the Buddhist shrines, while at the same time

he lent a favourable countenance to John of Montecorvino,

who, during the whole of his reign, was archbishop of

Peking. Unfortunately the archbishop was not so tolerant

as the khakan, and carried on as fierce a dispute with the

Nestorian Christians of his day as that which divided the

Dominicans and Jesuits in China three centuries later.

After a short reign, and at the early age of thirty-one, Kuluk
was gathered to his fathers in February 1311. His nephew
and successor, Buyantu, was a man of considerable ciilture,

and substantially patronized Chinese literature. Among
other benefits which he conferred on letters, he rescued

the celebrated inscription - bearing "stone drums," which
are commonly said to be of the Chow period (b.c. 1122-

255), from the decay and ruin to which they were left by
the last emperor of the Kin dynasty, and placed them in

the gateway of the temple of Confucius at Peking, where
they now stand. After a reign of nine years Buyantu was
succeeded by his sou Gegen, who perished in 1323 by the

knife of an assassin,—the first occasion on which a reigning

descendant of Jenghiz Khan thus met his fate. Yissiin

Timur, who was the next sovereign, devoted himseil mainly

to the administration of his empire. He divided China,

which until that time had been apportioned into twelve

pionnces, into eighteen provinces, and rearranged the
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system of state granaries, -which had fallen into disorder.
His court was visited by Friar Odoric, who gives a minute
description of the palace and its inhabitants. Speaking
of the palace this vsriter says

—

_" Its basement was raised about two paces from the ground, and
n-ithin there were twenty-four columns of gold, and all the walls
were hung vnth skins of red leather, said to be the finest in the
world. In the midst of the palace was a great jar more than t«o
paces in height, made of a certain precious stone called merdacas
(jade) ; its price exceeded the value of four large towns. . . . Into
this vessel drink was conducted by certain conduits from the court
of the palace, and beside it were many golden goblets, from which
those drank who listed. . . . When the khakan sat on his throne,
the queen was on his left hand, atid a step lower two others of his
women, while at the bottom of the steps stood the other ladies of
his family. All those who were married wore upon their heads the
foot of a man a:s it were a cubit and a half in length, and at the
top of the foot there were certain cranes' feathers, the whole foot
beiijf^ set with great pearls, so that if there were in the whole world
any fine and large pearls they were to be found in the decoration
of those ladies."

The foUovfing years were years of great natural and
political convulsions. Devastating floods swept over China,
carrying death and ruin to thousands of homes ; earthquakes
made desolate whole districts ; and in more than one part
of the empire the banners of revolt were unfurled. The
khakans who now successively occupied the throne, instead
of striving to stem the tide of discontent and disorder, gave
themselves up to every kind of debauchery. As a natural

consequence, the conduct of affairs fell entirely into the
hands of their ministers, who but too often reflected the
v'ces of their sovereigns. (^ qomet which appeared in the
r'^ign of Toghon Timur Khan, and which was believed to

be the precursor of fresh disasters to the reigning house,

justified the prediction by being almost immediately fol-

lowed by an earthquake, which overthrew the temple of

the Imperial Ancestors, from the altars of which, as if to

complete the misfortune, the silver tablets of the emperors
were in the consequent confusion stolen. It was not long

before the popular discontent found vent. In order to

prevent the recurrence of the periodical inundations caused

by the overflow of the Yellow river, the emperor ordered

a levy of 70,000 men to excavate a new channel for its

dangerous stream, and imposed a heavy tax to meet the

necessary expenses. These oppressive edicts overstrained

the patience of the people, and they broke into open re-

bellion. Under various leaders the rebels captured a num-
ber of cities in the provinces of Keang-nan and Honan,
and took possession of Hang-chow, the capital of the Sung
emperors. At the same time pirates ravaged the coasts

and swept the imperial vessels off the sea. WJiile

these combined disorders were disturbing the country, the

emperor, under the guidance of Tibetan Lamas, was being

initiated into the sensual enjoyments peculiar to the warmer
climates of Asia.

In 1355 a Buddhist priest named Choo Yuen-chang

became so impressed vnth the misery of his countrymen

that he threw off his vestments and enrolled himself in

the rebel army. His military genius soon raised him to

the position of a leader, and with extraordinary success

he overcame with his rude levies the trained legions of

the Mongol emperor. WhUe unable to defeat or check

the rebels in the central provinces Toghon Timur was also

called upon to face a rebellion in Corea. Nor were his

arms more fortunate in the north than in the south. An
army which was sent to suppress the revolt was cut to

pieces almost to a man. These events made a dream

which the emperor dreamt about this time of easy inter-

pretation. He saw in his sleep "a wild boar with iron

tusks rush into the city and wound the people, who were

driven hither and thither without finding shelter. Mean-

while the sun and the moon rushed together and perished."

"This dream," said the diviner, "is a prophecy that the

khakan will lose his empire." The fulfilment followed

closely on the prophecy.' By a subterfuge, the rebels, after

having gained possession of most of the central provinces

of the empire, captured Peking. But Toghon Timur by
a hasty flight escaped from his enemies, and sought safety

on the shores of the Dolonor in Jlongolia. For a time the
western provinces of China continued to hold out against

the rebels, but with the flight of Toghon Timur the Mon-
gol troops lost heart, and in 1368 the ex-Buddhist priest

ascended the throne as the first sovereign of the Ming or
" Bright " dynasty, under the title of Hung-woo.
Thus ended the sovereignty of the house of Jenghiz

Khan in China, nor need we look far to find the cause of

its fall. Brave and hardy the Mongols have always shown
themselves to be ; but the capacity for consolidating the
fruits of victory, for establishing a settled form of govern-

ment, and for gaining the allegiance of the conquered
peoples, have 'invariably been wanting in them. For a
time their prowess and the exceptional ability of some of

the first emperors of their line held the people of China
in a bondage wiiich was only outwardly peaceful, and,

when the hands which held the reins lost their nervous
power, and the troops, enervated by the softer climate of

China, lost much of their hardihood, the long pent-up
hatred of a foreign yoke broke out and with gathering

strength drove the invaders back to their Mongolian
pasture-grounds.

Not content with having recovered China, the emperor
Hung-woo sent an army of 400,000 men into Mongolia in

pursuit of the forces which yet remained to the khakan.
Even on their own ground the disheartened Mongols
failed in their resistance to the Chinese, and at all points

suffered disaster. Meanwhile Toghon Timur, who did
not long survive his defeat, was succeeded in the

khakanate by Biliktu Khan, who again in 1379 was
followed by Ussakhal Khan. During the reign of this last

prince the Chinese again invaded ^Mongolia, and inflicted

a crushing defeat on the khan's forces in the neighbour-
hood of Lake Buyur. Besides the slain, 2994 oflicers and
77,000 soldiers are said to have been taken prisoners, and
an immense booty to have been secured. This defeat
was the final ruin of the eastern branch of the Mongols,
who from this time surrendered the supremacy to the

western division of the tribe. At first the Keraits or

Torgod, as in the early days before Jenghiz Khan rose

to power, exercised lordship over the eastern Mongols,
but from these before long the supremacy passed to the
Oirad, who for fifty years treated them as vassals. Not-
withstanding their subjection, however, the Keraits still

preserved the imperial line, and khakan after khakan
assumed the nominal sovereignty of the tribe, while the
real power rested with the descendants of Toghon, the
Oirad chief, who had originally attached them to his

sceptre. Gradually, however, the Mongol tribes broke
away from all governing centres, and established scattered

communities with as many chiefs over the whole of

eastern Mongolia. The discredit of having finally disin-

tegrated the tribe is generally attached to Lingdan Khan
(1604-1634), of whom, in reference to his arrogant and
brutal character, has been quoted the Mongolian proverb :

" A raging khakan disturbs the state, and a raging
saghan (elephant) overthrows his keepers."

At this time the Mongols, though scattered and in

isolated bodies, had recovered somewhat from the shock
of the disaster which they suffered at the hand of the first

Ming^sovereign of China. When first driven northwards,
they betook themselves to the banks of the Kerulon, from
whence they had originally started on their victorious

career ; but gradually, as the Chinese power became weaker
among the frontier tribes, they again pushed southwards,
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and at this time had established colonies in the Ordus
country, within the northern bend of the Yellow river.

The Mongol royal family and their immediate surroundings

occupied the Cnakhar country to the north-west of the

Ordus territory, where they became eventually subjugated

by the Manchus on the overthrow of the Ming dynasty

in 1644 by the present rulers of China. Possibly out of

consideration for the royal descent of their chiefs, the

Chinese emperors have invariably placed these Mongols
in a privileged position, and have incorporated the eight

banners or military divisions of the Chakhars as one of

the eight banners of the imperial Manchu army. The
remaining Mongols who submitted to the Manchus were
divided into 135 banners, 49 representing all those on
the south-east of the desert, and 86 the Khalkhas, whose
territory stretched along the north of the desert from
the neighbourhood of Barkhul on the west to the Dalai-

nor on the north-east. From and before this period the

history of the eastern Mongols has been that of all the

nomad tribes of central Asia, about which nothing can

be more certainly said than that that which appears most
improbable is most Ukely to happen, and that that which
might naturally be expected rarely occurs. Each tribe,

as its fortunes varied, either rose to power or sank into

insignificance. At times the old vigour and strength

which had nerved the arm of Jenghiz Khan seemed to

return to the tribe, and we read of successful expeditions

being made by the Ordu Mongols into Tibet, and even of

invasions into China. The relations with Tibet thus

inaugurated brought about a rapid spread of Buddhism
among the Mongolians, and in the beginning of the 17th

century the honour of having a Dalai Lama bom among
them was vouchsafed to them. In 1625 Toba, one of the

sons of Bushuktu Jinung Khan, went on a pilgrimage to

the Dalai Lama, and brought back with him a copy of the

TanjuT to be translated into Mongolian, as the Kanjur
had already been. But though the prowess of the Ordu
Mongols was still unsubdued, their inode of living was as

barren and rugged as the steppes and rocky hills which

make up their territory. Their flocks and herds, on which
they are entirely dependent for food and clothing, are not

numerous, and, like their masters, are neither well fed nor

well favoured. But though living in this miserable condi-

tion their princes yet keep up a certain amount of barbaric

state, and the people have at least the reputation of being

honest. Several of the tribes who had originally migrated

with those who finally settled in the Ordu territory, finding

the country to be so inhospitable, moved farther eastward

into richer pastures. Among these were the Tumeds, one

of whose chiefs, Altan Khan, is famous in later Mongol his-

tory for the power he acquired. For many years during the

16th century he carried on a not altogether imsuccessful

war with China, and finally, when peace was made (1571),

the Chinese were fain to create him a prince of the empire

and to confer a golden seal of authority upon him. In

Tibet his arms were as successful as in China ; but, as has

often happened in history, the physical conquerors became
the mental subjects of the conquered. Lamaism has

always had a great attraction in the eyes of the Mongols,

and, through the instrumentality of some Lamaist prisoners

whom Altan brought back in his train, the religion spread

at this time rapidly among the Tumeds. Altan himself

embraced the faith, and received at his court the Bogda
Sodnam Gyamtso Khutuktu, on whom he lavished every

token of honour. One immediate effect of the introduction

of Buddhism among the Tumeds was to put an end to the

sacrifices which were commonly mado at the grave of their

chieftains. In 1 584 Altan died, and was succeeded by his

son Senge Dugureng Timur. The rich territory occupied

by t<)e Tumeds, together with the increased intercourse with

China which sprang up after the wars of Altan, began to

effect a change in the manner of life of the people. By
degrees the pastoral habits of the inhabitants became more
agricultural, and at the present day, as in Manchuria, Chinese

immigrants have so stamped their mark on the fields and
markets, on the towns and villages, that the country has

become to all intents and purposes part of China proper.

Passing now from the inner division of the Mongols—that

is to say, the Chakhars and the 49 banners who live in the

southern and eastern portions of the desert—we come to the

outer division, which is divided into 86 banners, and
occupies the territory to the north of the desert. Of these

the chief are the Khalkhas, who are divided into the West-

ern and Eastern KhaHdias. These people form the link of

communication between Europe and eastern Asia. Early

in the 17th century the Russians sent an embassy to the

courtrof the Golden Khan with the object of persuading the

Mongol khan to acknowledge allegiance to the czar. This

he did without much hesitation or inquiry, and he fur-

ther despatched envoys to Moscow on the return of the

Russian embassy. But the allegiance thus lightly acknow-

ledged was lightly thrown off, and in a quarrel which broke

out between the Khirghiz and the Russians the Khalkhas
took the side of the former. The breach, however, was
soon healed over, and we find the Golden Khan sending

an envoy again to Moscow, asking on behalf of his master

for presents of jewels, arms, a telescope, a clock, and "a
moak who had been to Jerusalem that he might teach the

Khalkhas how the Christians prayed." Their submission

to Russia on the north did not save them, however, from
the Chinese attacks on the south. In central Asia, as

the recent history of Russia in that part of the world

shows, the depredations of a tribe on the property of its

neighbours supply a ready cause of quarrel at any moment,
and the Chinese had no difficulty, therefore, in justifying

an invasion of the Khalkha territory. At that time the

present Manchu dynasty ruled in China, and to the then

reigning sovereign the Khalkhas gave in their submission.

For some time the Chinese yoke sat lightly on their

consciences, but diflSculties having arisen with the Kal-

muks, they were ready enough to claim the protection of

China. To cement the alliance the emperor K'ang-he

invited all the Khalkha chiefs to meet him at the plain

of Dolonor. This ceremony brought the separate history

of the Khalkhas to a close, since from that time they have

been engulfed in the Chinese empire.

Another important branch of the great Mongolian family

is the tribe of the Koshod or Eleuths. These claim that

their chieftains have maintained ilnbroken the direct descent

from Khassar, a brother of Jenghiz Khan. Their home
is in the neighbourhood of the Koko-nor, and in the country

to the north of the narrow strip of the Kansuh province

which separates that district from Mongolia proper. The
pasture in the territories thus indicated is rich and abund-

ant, and the Eleuths have therefore had fewer temptations

to wander than most of their cognate tribes. Being thus

stationary and within a short distance of the Chinese fron-

tier, they easily fell under the dominion of that empire, and
in the year 1725 were incorporated into 29 imperial banners.

During the Kin dynasty of China the Keraits, as has

been pointed out, were for a time supreme in Mongolia,

and it was during that period that one of the earliest

recognized sovereigns, Merghus Buyuruk Khan, sat on the

throne. In an engagement with a neighbouring Tatar

tribe their khan was captured and sent as a propitia-

tory present to tLe Kin emperor, who put him to death

by nailing him on a wooden ass. On the treacherous

Tatar chief the widow determined to avenge herself, and
chose the occasion of a feast as a fitting opportunity.

With well-disguised friendship she sent him a present of
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ten oxen, a hundred sheep, and a hundred sacks of kumiss.
These last, however, instead of being filled with skins of

the liquor which Mongolians love so well, contained armed
men, who, when the Tatar was feasted, rushed from their

concealment and killed him. A grandson of Merghus was
the celebrated Wang Khan,who was sometimes the ally and
sometimes the enemy of Jenghiz Khan, and has also been
identified as the Prester John of early Western writers. In

war he was almost invariably unfortunate, and it was with no
great difiiculty, therefore, that his brother Ki Wang detached

the greater part of the Kerait tribes from his banner, and
founded the Torgod chieftainship, named probably from
the country where they settled themselves. The unrest

peculiar to the dwellers in the Mongolian desert disturbed

the Torgod as much as their neighbours. Their history

for several centuries consists of nothing but a succession

of wars with the tribes on either side of them, and it was
not until 1672, when Aynka Khan opened relations with

the Russians, that the country obtained an even temporarily

settled existence. Its position, indeed, at this time made
it necessary that AjTika should ally himself either with the

Russians or with his southern neighbours the Turks, though

at the same time it was obvious that his alliance with the

one would bring him into collision with the other. His

northern neighbours, the Cossacks of the Yaik- and the

Bashkirs, both subject to Russia, had the not uncommon
propensity for invading his borders and harassing his sub-

jects. This gave rise to complaints of the czar's govern-

ment and a disposition to open friendly relations with the

Krim khan. A rupture with Russia followed, and Ayuka
carried his arms as far as Kasan, burning and laying waste

the villages and towns on his route and carrying off prisoners

and spoils. Satisfied with this vengeance, he advanced no
farther, but made a peace with the Russians, which was

confirmed in 1722 at an audience which Peter the Great

gave him at Astrakhan. On Ayuka's death shortly after

this event, he was succeeded by his son Cheren Donduk,

who received from the Dalai Lama a patent to the throne.

But this spiritual support availed him little against the

plots of his nephew Donduk Ombo, who so completely

gained the suffrages of the people that Cheren Donduk
fled before him to St Petersburg, where he died, leaving

his nephew in possession. With consummate impartiality

the Russians, when they found that Donduk Ombo had

not only seized the throne but was governing the country

with vigour and wisdom, formally invested him with the

khanate. At his death he was succeeded by Donduk
Taishi, who, we are told, went to Moscow to attend the

coronation of the empress Elizabeth, and to swear fealty

to the Russians. After a short reign he died, and his

throne was occupied by his son Ubasha. The position of

the Torgod at this time, hemmed in as they were between

the Russians and Turks, was rapidly becoming unbearable,

'

and the question of migrating "bag and baggage" was

very generally mooted. In the war between his two power-

ful neighbours in 1769 and 1770, Ubasha gave valuable

assistance to the Russians. His troops took part in the

siege of OtchakofF, and gained a decided victory on the

Kalans. Flushed with these successes, he was in no mood to

Usten patiently to the taunts of the governor of Astrakhan,

who likened him to a "bear fastened to a chain," and he

made up his mind to break away once and for all from a

tutelage which was as galling as it was oppressive. He
determined, therefore, to migrate eastward with his people,

and on the 5th of January 1771 he began his march with

70,000 families. In vain the Russians attempted to recall

the fugitives, who, in spite of infinite hardships, after a

journey of eight months reached the province of Hi, where

they were welcomed by the Chinese authorities. Food

for a vear's consumption was supplied to each family;

and land, money, and cattle were freely distributed. How
many lost their lives on the toilsome march it is impos-

sible to say, but it is believed that 300,000 persons sur-

vived to receive the hospitality of the Chinese. This

migration is interesting as illustrating the many displace-

ments of tribes and peoples which have taken place on

the continent of Asia at different periods of history. Such

another migration occurred between four and five thousand

years ago, when the Chinese crossed from western Asia

into their present empire ; such, again, was the movement

which carried the Osmanli Turks from north-eastern Asia

into Asia Minor, and eventually across the Bosphorus.

By this desperate venture the Torgod escaped, it is true,

the oppression of the Russians, but they fell into the hands

of other masters, who, if not so exacting, were equally de-

termined to be supreme. The Chinese, flattered by the

compliment implied by the transference of allegiance,

settled them on lands in the province of Hi, in the neigh-

bourhood of the Altai Jlountains, and to the west of the

desert of Gobi. But the price they were made to pay for

this liberality was absorption in the Chinese empire, like

the other Chinese-subdued Jlongols, the Torgod were

divided into banners, and from that time forth they lost

their individuality.

Among the Mongol chiefs who rose to fame during the

rule of the Jling dynasty of China was Toghon, the Kal-

muk khan, who, taking advantage of the state of confusion

which reigned among the tribes of Mongolia, established

for himself an empire in north-western Asia. Death carried

him off in 1444, and his throne devolved upon his son

Ye-seen, who was no degenerate offspring. Being without

individual foes in Mongolia for the same reason that

Narvaez had no enemies—namely, that he had killed them

all—he turned his arms against China, which through all

history has been the happy hunting-ground of the northern

tribes, and had the unexampled good* fortune to take

prisoner the Chinese emperor Ching-tung. But victory

did not always decide in his favour, and, after having suf-

fered reverses at the hands of the Chinese, he deemed it

wise to open negotiations for the restoration of his imperial

prisoner. Thus, after a captivity of seven years, Ching-

tung re-entered his capital in 1457, not altogether to the

general satisfaction of his subjects. On the death of Ye-seen,

shortly after this event, the Kabnuks lost much of their

power in eastern Asia, but retained enough in other por-

tions of their territory to annoy the Russians by raids

within the Russian frontier, and by constant acts of pillage.

In tho 17 th century their authority was partly restored by

Galdan, a Lama, who succeeded by the usual combination Galdan

of wile and violence to the throne of his brother Sengh6. Khan.

Having been partly educated at Lhasa, he was well versed

in Asiatic politics, and, taking advantage of a quarrel be-

tween the ISlack and White Mountaineers of Kashgar, he

overran Little Bokhara, and left a viceroy to rule over the

province with his capital at Yarkand. At the same time

he opened relations with China, and exchanged presents

with the emperor. Having thus secured his powerful

southern neighbour, as he thought, he turned his arms

against the Khalkhas, .whose chief ground of offence was

their attachment to the cause of his brothers. But his rest-

less ambition created alarm at Peking, and the emperor

K'ang.he determined to protect the Khalkhas against their

enemy. Great preparations were made for the campaign.

The emperor, in person commanding one of the two forces,

marched into Mongolia. • After enduring incredible hard-

ships during fhe march through the desert of Gobi the im-

perial army encountered the Kalmuks at Chao-modo. The
engagement was fiercely contested, but ended in the com-

plete victory of the Chinese, who pursued the Kalmuks for

1 miles, and completely dispersed their forces. Immense
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numbers were slain, among whom was Galdan's wife, and

many thousands surrendered themselves to the victors.

Galdan, with his son, daughter, and a few followers, fled

westward and escaped ; and thus collapsed a power which

had threatened at one time to overshadow the whole of Cen-

tral Asia. For a time Galdan still maintained a semblance

of resistance to his powerful enemy, and death overtook

him while yet in the field against the Chinese. The news

of his death was received with great rejoicings at Peking.

The emperor held a special service of thanksgiving to Heaven
for the deliverance vouchsafed, and ordered that the ashes

of his enemy, whose body had been burned, should be

brought to the capital and there scattered to the four

winds. The fear which had been thus inspired was no idle

terror. Galdan was a man to be feared. The conqueror

of Samarkand, Bokhara, Urgenj, Kashgar, Hami, and

twelve hundred other towns, might well be considered a

formidable foe, and Heaven a merciful deliverer in ridding

Asia of so restless and dangerous a chieftain.

But though Galdan was dead the Chinese did not enjoy

that complete immunity from war at the hand of his suc-

cessor that they had looked for. Tse-wang Arabtan was,

however, but the shadow of his brother and predecessor,

and a dispute which arose with the Russians during his

reign weakened his power in other directions. Little Bok-

hara was said to be rich in gold mines, and therefore be-

came a coveted region in the eyes of the Russians. Under
the vigorous administration of Peter the Greet an expedi-

tion was despatched to force a passage into the desired

province. To oppose this invasion the Kalmuks assembled

in force, and after a protracted and imdecided engagement
the Russians were glad to agree to retire down the Irtish

and to give up all further advance .

To TsBrwang Arabtan succeeded Amursama "Owing to

the support he reoeived from the Chinese emperor K'een-

lung, who nominated him khan of the Kalmuks and

chief of Sungaria. But, though to the ear these titles

were as high-sounding as those of his predecessors, in

reality the power they represented was curtailed by the

presence of Chinese commissioners, in whose hands rested

the real authority. The galling weight of this state of

dependence drove Amursama before long into revolt. He
dispersed the Chinese garrisons stationed in Hi, killed the

generals, and advanced his own forces as far as PaUkun on

the river Hi. To punish this revolt, K'een-lung sent a large

force into the rebellious province. As on the previous occa-

sion, the Chinese were everywhere victorious, and Amursama
fled into Siberia, where he died of smallpox after a short

illness. The Chinese demanded his body, but the Russians

refused to give it up, though they allowed the Chinese

commissioners to identify it. On the death of Amursama,
K'een-lung determined to abolish the khanate, and in place

of it he nominated four Hans to rule over the Sungars, the

Torgod, the Khoshod, and the Dorbod. But this divided

authority proved quite as unmanageable as that which had

been wielded by the klian, and the new rulers soon at-

tempted to throw off the yoke imposed upon them from

Peking. Again a Chinese army marched into Hi, and this

time a severe measure of repression was meted out to the

rebels and their sympathizers. A general massacre of the

Kalmuks was ordered, and was faithfully carried out. The
province which had been as a fruitful field was utterly

wrecked, and the place of the Sungars was taken bv exiled

criminals from China.

But whOo China was thus absorbing the Mongols within

her reach, Russia was gathering within ber borders those

with whom she came into contact. Among these were

the Buriats, who occupied a large territory on both sides of

the Baikal Lake. As usual in such cases, disputes arose

out of disturbances on the frontier, and were ended by

the Buriats and the neighbouring Mongol tribes becom-

ing one and all tributary io Russia.

Of the Mongol tribes who became entirely subject to

Russia the principal are those of the Crimea, of Kasan, and

of Astrakhan ; of these the Tatars of ICasan are the truest

representatives of .the Golden Horde or Kipchaks, who
originally formed the subjects of Batu and Orda. Batu

whose victorious campaign in Russia has already been

sketched, was finally awarded as his fief the vast steppes

which stretch from the Carpathian Mountains to the

Balkash Lake. Over these vast plains the Mongols followed

their flocks and herds, while the more settled among them

established themselves along the banks of the rivers which

flow through that region. Batu himself fixed his head-

quarters on the Volga, and there set up his Golden Tent from

whii,h the horde acquired the name of the Golden Horde.

In 1255 Batu died and was succeeded by his brother Bereke

Khan. During the reign of this sovereign the exactions

which were demanded from the Russian Christians by the

Mongols aroused the Christian world against the barbarian

conquerors, and at the command of Pope Alexander IV. a

general crusade was preached against them. But though

the rage of the Christians was great, they lacked that

united energy which might have availed them against their

enemies ; and, while they were yet breathing out denuncia-

tions, a Tatar host, led by Nogai and Tulabagha, appeared

in Poland. After a rapid and triumphant march, the in-

vaders took and destroyed Cracow, and from thence ad-

vanced as far as Bythom in Oppeln, from which point they

eventually retired, carrying with them a crowd of Christian

slaves. From this time the Mongols became for a season an

important factor in European politics. They corresponded

and treated with the European sovereigns, and intermarried

with royal families. Hulagu, the famous general, married

a daughter of Michael Palasologus ; Toktu Khan took as his

wife Maria, the daughter of Andronicus II. ; and to Nogai
Michael betrothed his daughter Irene. But Bereke's in-

fluence extended beyond Europe into Egypt, from which

country, as well as from Constantinople, he secured the

services of artisans to build him dwellings of a more
substantial nature than that of his Golden Tent. But his

widely extending intercourse with foreign nations brought

in its train a consequence which tended fatally to under-

mine the existence of the horde. His conversion to Islam

introduced a strongly disintegrating influence into the com-

munity, and with it were sown the seeds of its final dis-

ruption. Bereke was succeeded on his death in 1265 by his

grandson Mangu Timur, who throughout his reign was con-

stantly engaged in hostilities with the Russians and his

other European neighbours. The Genoese alone found under

his patronage a means of advancing their possessions. For
some time these people had held large colonies in southern

Russia, and in the Crimea had divided the trade with the

Venetians. By the support of Mangu Timur these last

were driven out of the field, and the Genoese were left in

the enjoyment of a monopoly of the commerce. The reigns

of the khans who succeeded Mangu Timur were no less

stormy than his had been ; but even in these troublous

times the influences which surrounded the Mongols led

them onward in the path of civilization. Toktu, the next

khan but one to Mangu Timur, is the first Mongol niler

whom wo hear of as having struck coins. Those issued

during his reign bear the mint marks of Sarai, New Sarai,

Bulgar, Ukek, Kharezm, Krim, Jullad, and Madjarui, and
vary in date fr.m 1291 to 1312.

The adoption of Islam by the rulers of. the Golden Horde
had as one result the drawing closer of the relations of

the Mongols with Constantinople and Egypt. Embassies
passed between the three courts, and so important was tho
alliance with the Mongols deemed by the sultan N4sir,
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ruler of Fgypt, that he sent to demand in marriage

ft princess of the house of Jenghiz Khan. At first his

request was refused by the proud Mongols, but the present

of a million gold dinars, besides a number of horses and

Guits of armour, changed the refusal into an acquiescence,

and in October 1319 the princess landed at Alexandria in

regal state. Her reception at Cairo was accompanied with

feasting and rejoicing, and the members of her escort were

sent back laden with presents. With that religious tolera-

tion common to his race, Uzbeg Khan, having married one

princess to NAsir, gave another in marriage to George the

prince of Moscow, whose cause he espoused in a quarrel

existing between that prince and his uncle, the grand-

prince Michael. Assuming the attitude of a judge in the

dispute, Uzbeg Khan summoned Michael to appear before

him, and, having given his decision against him, ordered his

execution. The sentence was carried out with aggravated

cruelty in sight of his nephew and accuser. From this

lime Uzbeg's sympathies turned towards Christianity. He
protected the Russian churches within his frontiers, and
put his seal to his new religious views by marrying a

laughter of the Greek emperor, Andronicus III. He died in

1340, after a reign of twenty-eight years. His coins were

struck at Sarai, Kharezm, Mokshi, Bullgar, Azak, and
Krim, and are dated from 1313 to 1340. His son and suc-

tessor, Tinibeg Khan, after a reign of only a few months,

was murdered by his brother Janibeg Khan,who usurped his

throne, and, according to the historian Ibn Haidar, proved

bimself to be "just. God-fearing, and the patron of the

meritorious." These excellent qualities did not, however,

prevent his makiug a raid into Poland, which was conducted

in the usual Mongol manner, nor did they save his country-

nren from being decimated by the black plague, which for

the first time in 1345 swept over Asia and Europe, from

the confines of China to Paris and London. With all their

love of war the Mongols had a keen eye to monetary
advantage, and Janibeg, who was no exception to the rule,

eoncluded treaties with the merchant-princes of Venice and
Genoa, in which the minute acquaintance displayed with

shipping dues and customs charges shows how great were

the advances the Mongols had made in their knowledge of

European commerce since the days of Jenghiz Khan. The
throne Janibeg had seized by violence was, in 1 357, snatched

from him by violence. As he lay ill on his return from a

successful expedition against Persia he was murdered by
his son Berdibeg, who in his turn was, after, a short reign,

murdered by his son Kulpa. With the death of Berdibeg

the fortunes of the Golden Horde began rapidly to decline.

As the Uzbeg proverb says,
—" The bump of the camel was

cut ofi' in the person of Berdibeg."

But while the power of the Golden Horde was dwin-

dling away, the White Horde or Eastern Kipchak, which

was the inheritance of the elder branch of the family'

of JucLi, remained prosperous and full of vitality. The
descendants of Orda, Batu's elder brother, being far re-

moved from the dangerous influences of European courts,

maintained much of the simplicity and vigour of their

nomad ancestors, and the throne descended from father

to SOB Avith undiminished authority until the reign of

Urus Khan (1360), when complications arose which changed

the fortunes of the tribe. Like many other opponents of

the Mongol rulers. Khan Tuli Khoja paid with his life for his

temerity in opposing the political schemes of his connexion

Urus Khan. Toktamish, the son of the murdered man,
fled at the news of his father's death and sought refuge at

the court of the famous Timur-i-leng (Tamerlam \ who
received him with honour and at once agreed to espouse

his cause. With this intention he despatched a force

against Uiiis Khan, and gained some advantage over him,

but, while fitting out another army to make a fresh attack.

news reached him of the death of Urus. Only at Sighnak
are coins known to have been struck during the reign of

Urus, and these bear date from 1372 to 1375.

He was followed on the throne by his two sons, Tuk-
takia and Timur Malik, each in turn ; the first reigned but
for a few weeks, and the second was killed in a battle

against Toktamish, the son of his father's enemy. Tok-
tamish now seized the throne, not only of Eastern Kipchak
but also of the Golden Horde, over which his arms had
at the same time proved victorious. His demands for trib-

ute from the Russian princes met with evasions from men
who had grown accustomed to the diminished power of the

later rulers of the Golden Horde, and Toktamish therefore

at once marched an army into Russia. Having captured
Serpukhoflt', he advanced on Moscow. On the 23d August
1382 his troops appeared before the doomed city. For
SOTne days the inhabitants bravely ^^'ithstood the constant

attacks on the walls, but failed in their resistance to the

stratagems which were so common a phase in Mongolian
warfare. With astonishing credulity they opened the gates

to the Mongols, who declared themselves the enemies of

the grand-prince alone, and not of the people. The usual

result followed. The Russian general, who was invited to

Toktamish's tent, was there slain, and at the same time the

signal was given for a general slaughter. Without dis-

criminating age or sex, the Mongol troops butchered the

wretched inhabitants without mercy, and, having made
the streets desolate and the houses tenantless, they first

plundered the city and then gave it over to the flames.

The same pitiless fate overtook Vladimir, Zvenigorod,

Yurieff, Mozhaisk, and Dimitrofi". With better fortune,

the inhabitants of Pereslavl and Kolomna escaped with

their lives from the troops of Toktamish, but at the expense

of their cities, which were burned to the groimd. Satisfied

with his conquests, the khan returned homewards, travers-

ing and plundering the principality of Riazan on his way.

Flushed with success, Toktamish demanded from his patron

Timur the restoration of Kharezm, which had fallen into

the hands of the latter at a period when disorder reigned

in the Golden Horde. Such a request was not likely to

be well received by Timur, and, in answer to his positive

refusal to yield the city, Toktamish marched an army of

90,000 men against Tabriz. After a siege of eight days
the city was taken by assault and ruthlessly ravaged.

Meanwhile Timur was collecting forces to punish his

rebellious protege. When his plans were fully matured, he

advanced upon Old Urgenj and captured it. More merci-

ful than Toktamish, he transported the inhabitants to

Samarkand, but in order to mark his anger against the

rebeUious city he levelled it with the ground and sowed

barley on the site where it had stood. On the banks of

the Oxus he encountered his enemy, and after a bloody

battle completely routed the Kipchais, who fled in confu-

sion. A lull followed this victory, but in 1390 Timur
again took the field. To each man was given " a bow,

with thirty arrows, a quiver, and a buckler. The army wa.«

mounted, and a spare horse was supplied to every two men,

while a tent was furnished for every ten, and with this

werB two spades, a pickaxe a sickle, a saw, an axe, an awl,

a hundred needles, 8 J lb fo cord, an ox's hide, and a strong

pan." Thus equipped the "army set forth on its march.

After a considerable delay owing to an illness which over-

took Timur his troops arrived at Kara Saman. Here

envoys arrived from Toktamish bearing presents and a

message asking 'pardon for his past conduct ; but Timur
was inexorable, and, though he treated the messengers with

consideration, he paid no attention to their prayer. Li

face of innumerable difficulties, as well as of cold, hunger,

and weariness, Timur marched forward month after month
through the Kipchak country m jiursuit of Toktamish. At
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last, on the 18th of June, he overtook him at Kandurcha,

in the country of the Bulgars, and at once forced him to an

engagement, for three days the battle lasted, and after

inclining now to this side and now to that victory finally de-

cided in favour of Timur. The Kipehaks were completely

routed and fled in ^11 directions, while it is said as many

as 100,000 corpses testified to the severity of the fighting.

Timur pursued his flying enemy as far as the V'olga,

slaughtering all who fell into his hands, and ravaged and

destroyed the towns of Sarai, Saraichuk, and Astrakhan.

Having inflicted this terrible blow on the Golden Horde,

Timur distributed rewards to his chieftains, and presided

at a series of banquets in celebration of his victory. These

rejoicings over, he returned to Samarkand laden -with spoils

and trophies. But ^oktamish, though defeated, was not

subdued, and in 1395 Timur found it necessary again to

undertake a campaign against him. This time the armies

met upon the Terek, and after a fiercely-contested battle

the Kipehaks again fled in confusion. AVhen the victory

was gained, Timur, we are told, knelt down on the field

and returned thanks to Heaven for his success. The pur-

suit along the Volga was vigorously undertaken, and the

slaughter among the fugitives was terrible The hurried

advance of Timur's horsemen threw the Russians into a

state of wild alarm, and the grand-prince of Moscow

ordered that an 'ancient image of the Virgin which was

believed to possess miraculous power should be taken to

Moscow to save that city from the destroyer. Success

appeared to attend this measure, for Timur, threatened by

the advancing autumn, gave up all further pursuit, and

retired with a vast booty of gold ingots, silver bars, pieces of

Antioch linen and of the embroidered cloth of Russia, &c.

On his homeward march southwards he arrived before

Azak, which was then the entrepot where the merchants

of the east and west exchanged their wares. In vain the

natives, with the Egyptian, Venetian, Genoese, Catalan,

and Basque inhabitants, besought him to spare the city.

His answer was a command to the Jloslems to separate

themselves from the rest of the people, whom he put to

the sword, and then gave the city over to the flames.

Circassia and Georgia ne.xt felt his iron heel, and the

fastnesses of the central Caucasus were one and all

destroyed. After these successes Timiir gave himself up

for a time to feasting and rejoicing, accompanied by every

manifestation of Oriental luxury. " His tent of audience

was hung with silk, its poles were golden, or probably

covered with golden plates, the nails being silver; his

throne was of gold, enriched with precious stones : tho

floor was sprinkled with rose water." But his vengeance

was not satisfied, and, having refreshed his troops by this

halt, he marched northwards against Astrakhan, which he

utterly destroyed. Tho inhabitants were driven out into

the country to perish with the cold, while the commander

of the city was killed by being forced beneath the ice of

the Volga. Sarai next shared the same fate, and Timur,

having thus crushed for the second time the empire of

Toktamish, set out on his return "home by way of Derbend

and Azerbijan. The defeated han succeeded shortly

afterwards in recapturing Sarai ; but, being again driven

out, he retired in 1 398 to Kiefi", a fugitive from his king-

dom. During his reign, which lasted for twenty-four years,

he struck coins at Kharezni, Krim^ New Krim, Azak,

Sarai, New Sarai, Saraichuk, and Astrakhan. Trie power

in the hands of the successors of Toktamish never revived

after the last campaign of Timur. They were constantly

engaged in wars with the Russians and the Krim Tatars,

with whom the Russians had allied themselves, ana by

degrees their empire decayed, until, on the seizure and

death of Ahmed Khan at the beginning of the 16th cen

tury, the domination of the Goldeu Harde camo to an end

One solitary fragment of tKe Golden Horde, the khanate

of Astrakhan, maintained for a time an existence after the

fall of the central power. But even this last remnant

ceased to be a Mongol apanage in 1554, when it was
captured by the Russians and converted into a Russian

province. The fate which thus overtook the Golden Horde
was destined to be shared by all the western branches of

the great Mongol fam'ily. The khans of Kasan and

Kasimoff had already in 1552 succumbed to the growing

power of Russia, and the Rrim Tatars were next to

fall under the same yoke. In the 15th century, when
the Krim Tatars first appear as an independent power,

they attempted to strengthen their position by allying

themselves with the Russians, to whom they looked for

help against the attacks of the Golden Horde. But while

they were in this state of dependence another power arose

in eastern Asia which modified the political events of that

region. In i453 Constantinople was taken by the

Osmanli Turks, who, having quarrelled with the Genoese

merchants who monopolized the trade on the Euxine, sent

an expedition into the Crimea to punish the presumptuous

traders. The power which had captured Constantinople

was not likely to be held in check by any forces at the

disposal of the Genoese, and without any serious opposi-

tion Kafl'a, Sudak, Balaclava, and Inkerman fell before the

troops of the sultan Mohammed. It was plain that,

situated as the Crimea was between the two great powers

of Russia and Turkey, it must of necessity fall under the

direction of one of them. Which it should be was
decided by the invasion of the Turks, who restored Mengli
Girai, the deposed khan, to the throne, and virtually

converted the khanate into a dependency of Constanti-

nople. But though under the tutelage of Turkey, Mengli
Girai, whose leading policy seems to have been the desire

to strengthen himself against the khans of the Golden
Horde, formed a close alliance with the grand-prince Ivan
of Russia. One result of this friendship was that the
Mongols were enabled, and encouraged, to indulge their

predatory habits at the expense of the enemies of Russia,

a*id in this way both Lithuania and Poland suffered

terribly from their incursions. It was destined, however,
that in their turn the Russians should not escape from
the marauding tendencies of their allies, for, on pretext

of a quarrel with reference to the succession to the Kasan
throne, Mohammed Girai Khan in 1521 marched an army
northwards until, after having devastated the country,

massacred the people, and desecrated the churches on his

route, he arrived at the heights of Vorobieff overlooking

iloscow. The terror of the unfortunate inhabitants at

the sight once again of the dreaded Mongols was extreme
;

but the horrors which had accompanied similar past

visitations were happily averted by a treaty, by which
the grand-prince Vasili undertook to pay a perpetual trib-

ute to the Krim khans. This, however, proved but a truce.

It was impossible that an aggressive state like Russia should

live in friendshii> with a marauding power like that of the

Krim Tatars. The primary cause of contention was the

khanate of Kasan, which was recovered by the Mongols,
and lost again to Russia with that of Astrakhan in 1555
The sultan, however, declined to accept this condition of

things as final, and instigated Devlet Girai. the Krim
khan, to attempt their recovery. With this object the

latter marched an army northwards, where, finding the road

to Moscow unprotected, he pushed on in the direction o'

that ill-starred city. On arriving before its walls he found
a large Russian force occupying the suburbs. With these,

howf ifer, he was saved from an encounter, for just as his

foremost men approached the town a fire broke out,

which, in consequence of the high wind blowing at the

time, spread with frightful rapidity, and in the space
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of six hours destroyed all tie churches, palaces, and
houses, with the exception of the Kremlin, within a
compass of 30 miles. Thousands of the inhabitants

perished in the flames. "The river and ditches about

Moscow," says Horsey, " were stopped and filled with the

multitudes of people, laden with gold, silver, jewels,

chains, ear-rings, and treasures. So many thousands were

there burned and drowned that the river could not be

cleaned for twelve months afterwards." Satisfied with

the destruction he had indirectly caused, and unwiUing to

attack the Kremlin, the khan withdrew to the Crimea,

ravaging the country as he went. Another invasion of

Russia, a few years later (1572), was not so fortunate for

the Mongols, who suffered a severe defeat near Melody,

50 versts from Moscow. A campaign against Persia made
a diversion in the wars which were constantly waged
between the Krim khan and the Russians, Cossacks, and
Poles. So hardly were these last pressed by their per-

tinacious enemies in 1649 that they bound themselves

by treaty to pay an annual subsidy to the khan. But
the fortunes of war were not always on the side of the

Tatars, and with the advent of Peter the Great to the

Russian throne the power of the Krim Mongols began to

decline. In 1696 the czar, supported by a large Cossack
force under Mazeppa, took the field against Selim Girai

Khan, and gained such successes that the latter was
compelled to cede Azoff to him. By a turn of the wheel
of fortune the khan had the satisfaction in 1710 of

having it restored to him by treaty ; but this was the last

real success that attended the Tatar arms. In 1735 the

Russians in their turn invaded the Crimea, captured the

celebrated Lines of Perekop, and ravaged Baghchi Serai,

the capital. The inevitable fate which was hanging over

tlie Krim Tatars was now being rapidly accomplished.

In 1783 the Kjim, together with the eastern portion of

the land of the Nogais, became absorbed into the Russian

province of Taurida.

Another branch of the Mongol family which requires

mention is that of the Kazaks (see Kirghiz, vol. xiv. pp.

95, 96), whose ancient capital was Sighnak, which, as we
have seen, passed into the hands of the great Timur. It

will now only be necessary to refer briefly to the Uzbegs,

who, on the destruction of the Golden Horde, assumed an

important position on the east of the Caspian Sea. The

founder of their greatness was the khan Abulkhair, who
reigned in the 15th century, and who, Uke another Jenghiz

Khan, consolidated a power out of a number of small clans,

and added lustre to it by his successful wars. Sheibani

Khan, his grandson, proved himself a worthy successor, and

a doughty antagonist of the great Moghul emperor Baber.

In 1500 he inflicted a severe defeat on Baber's forces, and

captured Samarkand, Herat, and Kandahar. By these and

other conquests he became possessed of all the country be-

tween the Oxus and the Jaxartes, of Ferghana, Kharezm,

and Hissar, as well as of the territory of Tashkend from

Sashgar to the frontiers of China. In the following year,

by a dashing exploit, Baber recovered Samarkand, but only

to lose it again a few months later. During several succeed-

ing years Sheibani's arms proved victorious in many fields

of battle, and but for an indiscreet outrage on the terri-

tories of the shah of Persia he might have left behind him

a powerful empire. The anger, however, of Shah Ismael

roused against him a force before which he was destined

to fall. The two armies met in the neighbourhood of

Merv, where, after a desperate encounter, the Uzbegs

were completely defeated. Sheibani, with a few followers,

sought refuge in a cattle-pound. But, finding no exit on

the farther side, the refugees tried to leap their horses

over the wall. In this attempt Sheibani was killed.

^Vhen his body was recognized by his exultant enemies

they cut oflf the head and presented it to the shah, who
caused the skull to be mounted in gold and to be converted

into a drinking-cup. After this defeat the Uzbegs withdrew

across the Oxus and abandoned Khorisin. Farther east the

news aroused Baber to renewed activity, and before long

he reoccupied Samarkand and the province " Beyond the

River," which had been dominated by the Uzbegs for nine

years. But though the Uzbegs were defeated, they were by
no means crushed, and ere long we find their khans reigning,

now at Samarkand, and now at Bokhara. As time advanced

and European powers began to encroach more and more
into Asia, the history of the khanates ceases to be confined

to the internecine struggles of rival khans. Even Bokhara
was not beyond the reach of Russian ambition and English

diplomacy. Several European envoys found their way
thither during the first half of the present century, and
the murder of Stoddart and Connolly in 1842 forms a
melancholy episode in British relations with that fanatical

capital. With the absorption of the khanate of Bokhara
and the capture of Khiva by the Russians the individual

history of the Mongol tribes in Central Asia comes to an

end, and their name has left its imprint only on the dreary

stretch of Chinese-owned country from Manchuria to the

Altai Mountains, and to the equally unattractive country

in the neighbourhood of the Koko-nSr. (r. K. d.)

Language and Literature.—The Mongol tongue is a member of

the great stock which recent scholars designate as FLnno-Tataric or

Ural-Altaic, -which comprehends also the languages of the Tungoos
(Manchu), Turko-Tatars, Finns, and Samoyeds. The members of

this grojip are not so closely related to one another as those of the

Indo-European stock ; but they are all bound together by the com-
mon principle of agglutinative formation, especially the so-called

harmony of vowels, by their grammatical structure, and also by
certain common elements in the stock of roots which run through

them all, or through particular more closely-connected families

within the group.'

The fatherland proper of the Mongols is the so-called Mongolia.

It stretches from Siberia in the north towards the Great Wall of

China in the south, from Dauria and Manchuria in the east to the

Altai and the sources of the Irtish, Thian-shan (i.e., heaven moun-
tains), and Kast Turkestan in the west. In the centre of this

country is the desert of Gobi (Chinese Sha-mo, i.e., sand-sea). The
Mongolian' population, however, extends in the south over the Great

Wall to the basin of the Koko-nor (blue lake), and thence extends

due west over Tangut and the northern border of Tibet. Crossing

the political frontier, we find Mongols in the Kussian province

Turkestan, in the territories of Semiryetshensk (land of the seven

streams), Alatau, and Semipalatinsk in the west, in the south of

the province of Tomsk, with a mora populous region due north in

Siberia, round the Baikal Lake. The country north of the Gobi,

from the Altai, Tangnu, and the Saian mountains in the west to

Manchuria in the east, is called Kbalkha, with the chief districts

Urga (Kure), Uliassutai, Khobdo (Kobdo). In a north-westerly

direction from Gobi, between Thian-shan and the Altai, is Sungaria.

The sum total of the Mongol population under Chinese goveriuncnt

is calculated at between two ana three millions.

Generally the whole Mongol tribe may be divided into three

branches : East Mongols, West Mongols, and Buriats.

(1) The East Mongols are divided into the Khalkhas in the

borders just mentioned, the Shara Mongols south of the Gobi along

the Great Wall north-eastward to Manchuria, and lastly the Shir-

aigol or Sharaigol in Tangut and in northern Tibet.

(2) On the Bignification and employment of the different names
of the West Mongols (Kalmuks, Oelod, Oirad or Dorbon Oirad=the
fourOirad, Mongol Oirad), and also as regards the subdivision of the

tribes, there is much uncertainty. The name Kalmuk, so generally

employed among us, is in fact only used by the Volga Kalmuks
(Khalimak), but even with them the name is not common, and

almost a byname. It is of foreign origin, and most likely a Tataric

word which has yet to be explained. Oirad means the "near

ones," the "related." The usual explanation given is that the

single tribes consider themselves as being related to each other,

—

hence Mongol Oirad, "the Mongol related tribe." This is the

favourite name among Kahnuks. Dorbon Oirad, or the four related

tribes, comprise (1) Sungars, (2) Torgod, (3) Khoshod, (4) Dbrbod.

' Compare W. Schott, Versuch vier die tatarischen Sprachen (Berl.,

1836), Ueber das altai'seke oder finnisch-tatarische Sprachengeschlecht

(Berl., 1849), Altcjische Studien, Parts i.-v. (Berb, 1860-1870); and

A. Castren, Ethnologische Vorlesungen iiier die AUai'schen Volker;

edited by A. Schiefner (Petersb., 1857).
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The signification of the name Oelsd, in the East Jtongolian Oegded,

now the most widely spread among the tribes living in China, is

likewise very doubtful. Some assert that " Oelod " is nothing but

the Chinese transcription of Oirad, as the ordinary Chinese language

docs not possess the sound r. Wo have, however, to bear in mind

that we have a Mongolian root Bgclckii, with the sense "to be in-

imical," " to bear hatred, ill-will, "&c. The main population of the

Kalmuks live, or rather drag out, their existence after the usual

fashion of nomad tribes in Suugaria, in the eastern part of the Thian-

shan, on the south border of the Gobi, on Koko-nor, and in the

province of Kan-suh. All these are under the Chinese Government.

In consequence, however, of the extension of £he Russian empire

in Thian-shan and Alatau, many hordes have come under the Kus-

sian sway. According to an approximate account we may reckon

in the territory Semiryotshensk (Kuldja) and Semipalatinsk 34,000

Kalmuks, while in the southern part of. the government Tomsk,

on the Altai, the Kalmuk population amounted formerly to 19,000.

Besides these we find a section of Kalmuk population far in the

west, on the banks of the Volga (near Astrakhan). From their

original seats in Sungaria they turued in their migrations to the

north, crossed the steppe of the Kirghiz, and thus gradually reached

the Emba and the Or. Between these two rivers and the Ural the

Torgod settled in 1616 ; thence they crossed the Volga in 1650,

and took possession of the now so-called steppe of the Kalmuks,

being followed in 1673 by the Dorbbd, and in 1675 by the Khoshod.

In 1771 a considerable number retiirned to the Chinese empire.

At the present time there is a not unimportant population in the

so-called steppe of the Kalmuks, which extends between the Caspian

and the Volga in the east and the Don in the west, and from the

town of Sarepta in the north to the Kuma and the Manytch in

the south. According to modern statistical accounts, this popula-

tion amounts to 75,630. Xp these we have to add 24,603 more on

the borders of the Cossacks of the Don, and lastly 7298 in the

bordering provinces of Orenburg and Saratoff. The sum total of

the so-called Volga Kalmuks is therefore 107,531.

(3) In the southern part of the Russian province of Irkutsk,

in a wide circle round the Baikal Lake, lies the heirdom proper of

the Buriats, which they also call the "Holy Sea;" the country

east of the lake is commonly called Transbaikalia. Their country

practically extends from the Chinese frontier on the south within

almost parallel lines to the north, to the town Kirensk on the Lena,

and from the Onon in the east to the Oka, a tributary of the Angara,

in the west, and still farther west towards Nijni - Udinsk. They
are most numerous beyond the Baikal Lake, in the valleys along

the Uda, the Onon, and the Selenga, and in Nertchinsk. These

Trans- Baikalian Buriats came to these parts only towards the end

of the 17th century from the Khalkhas. While Mongols and Kal-

muks generally continue to live after the usual fashion of nomads,

we find here agricultural pursuits, most likely, however, due mainly

to Russian influence. Christianity is also making its way. The
sum total of the Buriats amounts at pr«sent to about 250,000.

Another tribe separated from the rest of the Mongols is the so-

called Hazara (the thousand), and the four Aimak (i.e., tribes),

who wander about as herdsmen in Afghanistan, between Herat and
Kabul. In external characteristics they are Mongols, and in all

probability they are the remains of a tribe from the time of the

Mongol d^Tiasty. Their language, which shows, of course, Persian

influence, is strictly Mongolian, more particularly West Mongolian or

Kalmuk, as has been proved by H. C. von der Gabelentz.'

Agreeably with this threefold division of the Mongols we have
also a threefold division of their respective languages : (1) East
Mongolian or Mongolian proper, (2) West Mongolian or Kalmuk,
(3) Buriatic.

The dialects just mentioned are found to be in close relation to

each other when we examine their roots, inflexions, and grammatical
Btructure. The difl'erence between them is indeed so slight that

whoever understands one of them understands aU. Phonetically a
characteristic of them all is the "harmony of vowels," which are

divided into two chief classes : the hard a,o,u; and the soft e, n, u
;

between which i is in the middle. All vowels of the same word
must necessarily belong to the same class, so that the nature of the

first or root-vowel determines the nature of the other or inflexion-

vowels ; now and then a sort of retrogressive harmony takes place,

so that a later vowel determines the nature of the former. The
consonants preceding the vowels are equally under their influence.

The Mongolian characters, which in a slightly altered form are

also in use among the Manchus, are written perpendicularly from
above downward, and the lines follow from left to right, the alpha-

bet having signs for seven vowels a, e, i, o, ti, S, ii, and diphthongs
derived from them ao, ai, ei, ii, oi, ui, oi. Hi, and for seventeen con-

sonants n, b, kh, gh, k, g, m, I, r (never initial), t, d, y, s (ds), ts,

ss, sh, v>. All these are modified in shape according to their position,

in the beginning, middle, or end of a word, and also by certain

orthographic rules. In Mongolian and Manchu writing the syllable

(t.«., the consonant together with the vowel) is considered as a unit,

1 S-^e bi3 essay, " Uebcr die Spmclie der H&zdraa und Aimaks," in the ZtU-
tchrifi der deyls<^en morganlandtichen Oesellschaft, vol. xx. pp. 320-335.

in other words, a syllabarium rather than an alphabet. The exist-

ing characters are lineal descendants of the original Uigurian forms,

which were themselves derived from the Syriac, having been brought

to the Uigurs by Nestorian missionaries. An Indian and Tibetan

influence may also be noticed, while the arrangement of the char-

acters in perpendicular lines is common to the Chinese. The writ-

ing was brought into its present shape by the learned Lamas Sa-

skya Pandita, Phags-pa Lama, and Tshoitshi Odser in the 13th

century,' but is exceedingly imperfect. To express the frequently-

occurring letters borrowed from Sanskrit and Tibetan, which are

wanting in the Mongol alphabet, a special alphabet called Galik

is employed. Every one who has tried to read Mongolian knows

how many difficulties have to be overcome, arising from the ambi-

guity of certain letters, or from the fact that the same sign is to

be pronounced differently according to its position in the word.

Thus, there are no means for distinguishing the o and u, & and ii,

the consonants g and k, t and d, y and « [ds). A and e, o (u) and

6 {ii), a (c) and n, g and kh, t (d) and on, are liable to be mistaken

for each other. Other changes will be noticed and avoided by
advanced students. It is a great defect that such common words

as ada (a fury) and ende (here), ende (here) and nada (me), aldan

(fathom) and altan (gold), ordu (court-residence) and urtu (long),

onokhu (to seize) and unukhu (to ride), tere (this) and dcre (pillow),

gcbe (said) and kebe (made), gem (evil) and kem (measure), ger (house)

and ker (how), naran (sun) and nere (name), yagon (what) and
dsagon (hundred), should be written exactly alike. This list might
be largely increased. These defects ap^ly equally to the Mongolian
and Buriatic alphabets.

In 1648 the Saya Pandita composed a new alphabet (the Kalmuk),
in which these ambiguities are avoided, though thegraphio diflerences

between the tivo alphabets are only slight. The Kalmuk alphabet

avoids the angular and clumsy shapes of the Mongolian, and has,

on the contrary, a rounded and pleasing shape. The Kalmuk
alphabet has also this great advantage, that every sound has its

distinct graphic character ; a mistake between two characters can

scarcely occur. The Kalmuk words once mastered, they can be

easily recognized in their Mongolian shape. The dialectical differ-

ences are also very slight.

The Kalmuk, therefore, is the key of the Mongolian, and should

form the groundwork of Mongolian studies. The Kalmuk and East
Mongolian dialectsdo not difl'er much, at least in the spoken language

;

but the Kalmuks vrnie according to their pronunciation, while the

Mongols do not. For example, son (dson), ' 'hundred, " is pronounced
alike by the Kalmuks and the East Mongolians ; but according to

Mongolian orthography the word appears in the form dsagon. The
dialectic difference between the two dialects very frequently lies

only in a different pronunciation of some letters. Thus East Mon-
golian rfs is in Kalmuk soft s, kc. The chief difference between the

two dialects lies in the fact that in Kalmuk the soft guttural g be-

tween two vowels is omitted, while, through the joining of the two
vowels, a long vowel is produced. In the pronunciation of common
East Mongolian the g is likewise omitted, but it is written, while
in Kalmuk, as just now mentioned, the guttural can only be traced

through the lengthening of the syllable. Thus we find : Mongol
khagan, "prince," Kalmuk khan; M. dagon, "voice, sound," £.
don, dan ; M. dologan, "seven," K. dolon; M. agola, "mountain,"
K. ola, ala ; M. nagor, "lake," K. nor, niir ; M. ulagan, "red,"
K. Ulan ; M. yagon, "what," K. yon (yUn) ; M. rfaJagaji, "mountain-
ridge," K. dabdn ; M. ssanagan, " thought," K. ssandji ; M. baragoii,
" on the right," K. baron, baT^n ; M. shibagon, " bird," K. showon
M. chilagon, "stone," K. chilon (chulUn) ; H. jirgogan, "six," K.
surgan; M. degere, "high, above," K. dire; M. ugukhu, "to drink,'

K. iikhu; M. togodshi, "history," K. todshi, tudshi; M. egiiden,

"door," K. oden; M. dsegiln, "left," K. son; M. egede, "in the
height," K. ods ; M. egelcd, "the Kalmuks," K. olod; M. iliUged,

"if one has done," K. ililed; M. kobcgiin, "son," K. kowon; M.
gegiln, "mare," K. g^n; M. kegiir, " corpse," K. kur; M. kharigad,
"returned," K. khared, &c
The Buriatic, in these peculiarities, is almost always found with

East Mongolian, with which it is In every respect closely allied.

In the pronunciation of some letters the transition of East Mongolian
tsa, tse into Buriatic sa is noticeable ; for instance : Mong. isetsek,

"flower," Buriatic sscssck ; M. tsak, "time," B. ssak ; M. tsagan,
" v/hite," B. ssagan ; M. Uelscn, " prudent," B. ssessen, Ssissome-
times pronounced like (the German) ck: East M. ssain, "good," B.
chain ; M. sscdkil, "heart," B. chedkiL K in the beginning or
middle of a word is always aspirated.

The noun is declined by the help of appended particles, some of

which are independent post-positions, viz., Gen. yin, «, un; Dat.
dur, a ; Ace. yi, i ; Ablat. ctsc ; lustrum, ber, yer ; Associative,

luga, luge. The dative and accusative have also special forms which
have at the same time a possessive sense, viz., Dat. dagan, degen

;

Accus. ben, yen. The plural is expressed by affixes (nar, ner, od,

ss, d), or frequently by words of plurality, "all," "many," e.g.,

kUmii'.i nogOd (man, many f^ men). The oblique cases have the

1 Cf. H. C. von der Gabelente, In the Zeitschrifl / d. Kunde d. Morgenlandf*
OOttingeD^ 1838, vol. Ii. pp.1.21, " Versuch ubereinealt« moDgoUBCbe inadirilt.*
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same endings in singular and plural. Gender is not indicated.
The adjective is uninflected both as attribute and as predicate

;

there is no comparative form, this idea being expressed by the con-
Btruction or by the use of certain particles. The personal pronouns
are bi, I ; tchi, thou ; bida, we ; to, ye ; their genitives serve as pos-
sessives. The demonstratives are ene, iere (this, that), plural ede,
tide ; interro^tive hen, who? The relative is lacking, and its place
a supplied by circumlocutions. The numerals are : 1, nigcn ; 2,
khoyar ; 3, gurban ; i, dOrben ; 6, tabun ; 6, jirgugan ; 7, dologan

;

S, naiman ; 9, yisitn; 10, arbaii ; 100, dsagon ; 1000, miiiggan.
Tha ordinals are formed by appending ttigar, lilger. The theme of
the verb is seen in the imperative, as bari, grasp. The conjugation
is rich m forms for tense and mood, but person and number are with
few exceptions une.'cpressed. The pre.'cnt is formed from the theme
by adding mui (barimui), the preterite by bai or luga ifiaribai, bari-
luga), the future by ssugai or ssu (barissugai, barissu). The preterite
has also in the third person the terminations dsugui and run ; the
future has in the third person yu, and in the first ya. The con-
ditional ends in bassu (baribassu), the precative in tugai, tiigei,

the potential in sa (bariniuisa), tha imperative plural in ktun, the
gerund in the present in n, dsu ifiarin, baridsu) or tala, "while, till

"

(baritala, "inter capiendura "), in the preterite it is formed in gad
(barigad) ; the present part, has ktchi {bariktchi), the past part.
hssan (barikssan) ; the supine ends in ra, the infinitive in khu
(barikhu, or when used substantively barikhui). There is but one
perfectly regular conjugation, and derivative forms, derived from
the theme by infixes, are conjugated on the same scheme. Thus
the passive has Infixed to or kda {bariMakhu, to be grasped), the
causative gill (barigulkhu, to cause to grasp), the co-operative or
sociative Usa or Ida (barillsakhu, to grasp togsther).

_
There are no prepositions, only p'ost-positions. Adverbs are either

simple particles (aSirmative, negative, interrogative, modal, &o.),
or are formed by suflixes from other parts of speech. There are
verjr few conjunctions ; the relations of clauses and sentences are
mainly indicated by the yerbal forms (part, sup., conditional, but
mainly by the gerund)
The order of words and sentences in construction is pretty much

the opposite of that which we follow. In a simple sentence the
indication of time and place, whether given by an adverb or a sub-
stantive with a post-position, always comes first ; then comes the
subject, always preceded by its adjective or genitive, then the object
and other cases depending on the verb, last of all the lerb itself

preceded by any adverbs that belong to it. So in the structure of
a period all causal, hypothetical, concessive clauses, which can be
concaived as preceding the main predication in point of time, or
even as-contemporary with it, or as in any way modifying it, must
come first ; the finite verb appears only at the end of the main
Eredication or apodosis. ' The periods are longer than in other
mguages ; a single one may fill several pages.
Gnimmara and dictionaries may be divided according to the three dialects.

For East Mongolian, I. J. Sohmidl gave the first grammar (Petersb., 1831), and
a Mongolian-German-Ruasian dictionary (Petersb., 1835). Nest Jos. Koivalewskl
published in Russian a Mongolian grammar (Kasan, 1835), a chrestomathy (2
vols., Kasan, 1836, 1837), and bis great Dictionnaire Tnongol'Tiisse-Jraji^is (3 vols.,
Kasan, 1844, 1846, 1849). We name also R. ruille, Short Mongolian Grammar
(in Mongolian), xylographed at the mission press near Sselenglnsk beyond Lake
Baikal (1838). A. Bobrownikow's Russian Grammar of the Mongolian-Kalmuk
Language (Kasan, 1849) is also very good. An abridgment of Schmidt's work
is C. Puini, Elementi della grammatica mongotica (Florence, 1878). A. Popow's
Mongolian Chrestomathy appeared in 2 vols, at Kasan (1836). For the Kalmuk
we have gramraara by Popow (Kasan, 1847), Bobrownikow as above, and H. A.
Zwick (s. I. tt a.), autographed at Donauescbingen (1851). J2 wick's autographed
Kalmuk and German dictionary with a printed German Index appeared (s. I.

It a.) in 1862 ; B. JUIg's edition of the tales of Slddhi-kir (Lcips., 1866) gives
a complete glossary to these stories. There are small Russian and Kalmuk
Tocabulariea by P. Bmlmow (Kasan, 1857) and C. Golstunskyi (Peterab., 1860).

For tha Bunatio wo have Castrftn, Verruch etner BurfdrtscUn SpracMdu-e,
edited by Schicfncr (1857), and A, Orlow's Russian grammar of the Mongcl-Buri-
atic c<,IloquitU language (Kasan, 1878).

Literature.—A clear diEtinction must be drawn between the higher and nobler
written or book-language and the common or conversational language of every-
day life. The difference between the two is very considerable, and may be
fairly compared to that between the Modern High German book-language and
the different dialects. All grammars and dictionaries as yet published treat
only of the book-knguage ; and so also with a few exceptions, the published
literary documents ore written In this higher style. The exceptions are the
Gesser-Khan, and the Slddhi-kiir and Djangarlad (the last two published by
Oolstunskj-i). The popul.ir or cuversational language has only qui to lately becu
fixed In writing by A. Pozdnyoyew In hisBussian work, Spccimejiso/ the Popular
Literature of the Mongolian Tribes, part i., " Popular Songs " (Petersb., 1860),
which contains rich material for the study of the popular literature.
The literature known at present consists mostly of translations from tho

Tibetan, the holy language of Buddhism, which is still the language of the
learned. The Tibetan Buddhist literature is itself translated from the Sanskrit

;

hence, now and then, through Mongols and Kalmuks we get acquainted with
Indian works the oriulnals ot which are not Vuown In Sanskrit. Such Is the
case, for Instance, with the tales oj SIddhi-kSr. Many books have also been
translated from the Chinese. Most of the writings are of a religious, historical,
philosophical, medical, astronomical, or astrological char.acter. Favourite sub-
jects are folk-lore and fairy tales. Among the religious books, perhaps the most
Important is that containing the legends entitled iilifier iin ilalai, "ocean of
comparisons" (edited by the late I. Jacob Schmidt under the title, Eer Wtise
und der Thor, m Tibetan and German, Petersb., 1843). To this may be added
the boddhi Tnor, or " the holy path," the attan gerel, "gleaming of gold," the
viani ganibo, and yirtuntchii yln toll, " mirror of the world." What was known
of poetical literature before Pozdnyeyew Is scarcely worth mentioning. Jii

some parts of the historical and narrative literature we find, wherever the nar-
rative takes a higher flight, an admixture of poetical diction. The poetry
appears In a certain parallelism of the phrases, with a return eltiicr of the
same endings (rhyme) or of the same words (refrain). Frequently we find,
besides the rhyme or refrain alliteration. The essay of H. C. von der Gabeicnt*
in Z./. d. Kunde de$ Morgenlandes, vol. i. pp. 20-37, '* Einiges Ube'r Mongolische
Poesie," has been superseded by the work of Pozdnyeyew.
Among historicf 1 works p. high place la due to that composed by the tribal

prince, Ssanang Ssetsen. in the middle of the 17th century {Geschichte dir dt-
ilongolen und ihres Fiirstenhauses, Monp. and Germ., by I. J Schmidt, Petersb.,
1829), and to the Allan tobtcht, i.e., "Golden knob" or "precious contents"
(text and Russian translation by the Lama Galsang Gomboyew, Petersb.,
1858). Of folk-lore and fairy tales, we have the legend of the hero Cesser-
Kltan (text ed. by I. J. Schmidt, Petersb., 1836, and German version, 1830 ; comp.
Bchott, Ueberdie Sage v. Geser-Khan, Berl., 1851, and B. .lulgin the Transactions
ofthe WllrzburgerPhtlol.Versam. of 1868, pp. ISsqq., Lcips., 1669); and the talcs
about Ardshi Bordshi (Russian version by Galsang Gomboyew, Petersb., 1858

;

text and German trans, by B. Julg, Innsbr., 1S67, 1S68). A favourite book is

the tales of Siddhl-kiir based on the Sanskrit Vet&la panchavin^ati (Russian
trans, by Galsang Gomboyew, Petersb., 1865; nine of the tales in Mongolian
and German by B. Jiilg, Innsbr., 1868). The fuller collection of these tales in
Kalmuk first became known by the German trans, of B. Bergmann in vol. h
of his Nomadiecfu Streljereien unter d. Kalmiiken (4 vols., Riga, 1804,- 1S05),
an autographed edition in the vulgar dialect was published by C. Golstunskyi
(Petersb., 1864 ; text and German trans, with glossary by B. Julg, Leips , 1806).
A poetic heroic story Is the Djangariad, extracts from which were given by
Bergmann (op, cit., Iv. 181 sqq.); a complete Russian version by A. Bobrownikow
(Petersb., 1854); a German version by F. v. Erdmann inZ.D.M.G., 1S57 (Kalmuk
text by Golstunskyi, Petersb , 1864). A similar poem is the history of Ubashi
Khuntaidshi and his war with the Oirad, Kalmuk text and Russian trans, by
G. Gomboyew In his Alton lobtchi as above, and text alone autographed by
Golstunskyi (Petersb, 1864). Some books of religion for the Christian Buriats
(transcribed in Russian characters) represent the Buriatlc dialect. 'The Russian
and English Bible Societies have given us a translation of the whole Bible. I.

J. Schmidt translated the Gospels and the Acts into Mongolian and Kalmuk
for the Russian Bible Society (8 vols., Petersb., I819-182I),—a masterly work.
The English missionaries, E. StaUybrass and W. Swan, and afterwards R. Tuille,
translated the whole Old Testament into Mongolian (1836-1840). This work was
printed at a mission press erected at great cost for the purpose near Sselenglnsk,
beyond Lake Baikal in Siberia. In 1846 the New Testament by the same hands
appeared at London.
The richest collections of Mongolian and Kalmuk printed books and MS3.

are In the Asiatic museum of the Petereburg Academy, and In the libraries of
Kasan and Irkutsk ; there Is also a good collection In the royal bbrary at Dres-
den. Consult In general, besides the already-cited works of Bergmann and Po-
zdnyeyew, P. 8. Pallas, Sammlungen historischer Naehrichten «. d. Mongolischen
Vdlkj>rscha/ten (2 vols., Petersb., 1776-lSOl); 1. J. Schmidt, Forschungen im Gebieta
der dlteren . . . BiidungsgeschichtederVittker Mittelasiens,ior2. d. Afongolen untl
ribslCT- (Petersb. and Leips., 1824) ; B. Julg, " On the Present State of Mongolian
Researches," Jour-i. A As. Soc., liv. (1832), pp. 42-«. (B. J.;

MONGOOS, or Mtjngoos. See Ichneumon.
MONITION, in the practice of the Englisli ecclesiastical

courts, is an order requiring or acimonishing the person

complained of to do something specified in the monition,
" under pain of the laiy and penalty thereof." It is the

lightest form of ecclesiastical censure, but disobedience to

it, after it has been duly and regularly served, entails the

penalties of contempt of court. See Phillimore, Ecclesi-

astical Law (London, 1873).

MONK, George (1608-1669), duke of Albemarle, the

second son of Sir Thornas Monk, a gentleman of good
family but in embarrassed circumstances, 'was born at

Potheridge, near Torrington in Dfivoushire, on 6th Decem-
ber 1608. An exploit -which brought him ^vithin the

reach of the law compelled him to begin his career as a
soldier of fortune at the age of seventeen. He acted

undsr Sir R. Grenvdle as a volunteer in the expedition to

Cadiz, and the next yeaj* did notable service at the Isle cf

Rh6.

In 1629 Monk virent to the Lew Countries, the training

ground for miUtary men, -where in Oxford's and in Goring's

regiments he obtained a high reputation for courage and
for a thorough kno-wledge of his trade. In 1638 he

threw up his commission in consequence of a quarrel -nith

the Dutch civil authorities, came to England, and obtained

the heutenant-colonelcy of Newport's regiment during the

operations on the Scottish bo'cder. Her'') he showed his

skill and coolness in the dispositions by which he saved

the English artillery at Newborn, though himself destitute

of ammunition ; and in the councils of war he confidently

voted -with Strafibrd for fighting, and against retreat or

composition. One of Monk's biographers relates that ho

now thought of joining the adventufers wlio proposed to

colonize Madagascar. The Irish rebellion, however, offered
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more congenial employment, and in February 1641 he
landed at Dublin as colonel of Lord Leicester's regiment.
Here he greatly increased his reputation. . Under the most
difficult circumstances he was ever cool, patient, vigorous.

A rigid disciplinarian, he was always attentive to the wants
of his men, and completely won their confidence and affec-

tion. All the qualities for which he was noted through
life, the calculating selfishness which kept him ever on
the winning side and by which he accomplished his great

historic success, the imperturbable temper and impene-

trable secrecy, were fully displayed in this emplojTnent.

He had but one interest, that of George Monk ; and to

secure that interest he laboured, while retaining his free-

dom from party ties, to make himself indispensable as a
soldier. The governorship of Dublin was vacant, and Monk
was appointed by Leicester. But Charles I. overruled the

appointment in favour of Lord Lambert, and Monk, with
great shrewdness, gave up his claims. Ormond, however,

who viewed him with suspicion as one of the two officers

who refused the oath to support the royal cause in Eng-
land, sent him under guard to Bristol. He now deemed
it safest to affect Royalist views. His value caused him
to be received at once into Charles's confidence ; he was
appointed major-general of the Irish brigade, and served

under Byron at the siege of Nantwich. Here he was
taken prisoner by Fairfax, on 25th January 1644, in one

of the most skilful operations of the war. After a short

captivity in HuU he was placed in the Tower, where he

remained for three years (during which his father died),

beguiling his imprisoimient by writing his Observations

on Military and Political Affairs.

So long as the war lasted Monk could not be released.

Charles, however, became a prisoner ; the troubles in

Ireland made the parliament anxious to secure Monk's

services, and he was told that if he would take the Cove-

nant he might have an important command. With some
show of hesitation the terms were accepted, and, after a

service of two months in Lord Lisle's abortive expedition,

Monk was placed in command of the British forces in the

north of Ireland. Compelled in 1649 to conclude a pacifi-

cation with the rebel O'Neill, he returned to England after

the king's execution. In the same year he succeeded, by

Ms elder brother's death, to the family estate. His idleness

lasted but a short while. Cromwell gave him a regiment

."nd the command of the ordnance in the Scotch war of

1650, and after the battle of Dunbar, in which he led the

attack, he was left with 6000 men to subdue the country,

which, after taking Edinburgh, Tantallon, and Stirling

castles, he did most completely in a few weeks. In 1651

he was seiied with fever, but recovered at Bath, and in

the same year was appointed on the commission for pro-

moting the Union. In 1653, with Admiral Dean, he
commanded the British fleet against the Dutch, and on

2d and 3d June ar^d 29th July fought two of the most
sanguinary naval battles on record, in which both his

colleague and Van Tromp were slain. A peace on very

humiliating terms to the Dutch was concluded, but policy

shortly led Cromwell to allow milder conditions,—a conces-

sion against which Moak strongly remonstrated. On his

return he married his mistress. Anno Clarges, a woman of

the lowest extraction, " ever a plain homely dowdy," says

Pepys, who, like other writers who mention her, is usually

etill less complimentary. Monk was now sent to quell the

revolt headed by Middleton in Scotland, and, when this

service was ovoc. settled down to a steady government of

the country for the next five years. For fanaticism in any
shape he had no sympathy, and he set himself to diminish

the influence of the Presbyterian clergy—Cromwell's chief

opponents,—taking from them the power of excommuni-
cation and their general assemblies, but allowing them to

retain their presbyteries. Equal repression was exercised

against the nobility and gentry. The timely discovery of a

plot fomented by Overton for killing Monk on New Year's

Day gave him an excuse for thoroughly purging his army

of all Anabaptists, Fifth Monarchy men, and other danger-

ous enthusiasts. It is doubtful whether at this time Monk
had proposed to himself the restoration of the king. He
probably had it always in his mind as a possibility, but he

would run no risks. His very reticence, however, caused

alarm on one side and hope on the other. In 1655 he

received a letter from Charles II., a copy of which he at

once sent to Cromwell, whom, however, we find writing to

him in 1657 in the following terms: "There be that tell

me that there is a certain cunning fellow in Scotland called

George Monk, who is said to lye in wait there to introduce

Charles Stuart ; I pray you, use your diligence to appre-

hend him, and send him up to me."

During the confusion which followed Cromwell's death

Monk remained sUent and watchful at Edinburgh, careful

only to secure his hold on his troops. In July 1659

direct and tempting proposals were again made to him
by the king. His brother Nicholas, a clergyman, was em-

ployed ty Sir J. Grenvil to bring to bitn the substance of

Charles's letter. No bribe, however, could induce him to

act one moment before the right time. He bade his

brolher go back to his books, and refused to entertain any
proposal. But when Booth rose in Cheshire for the king,

so tempting did the opportunity seem that he was on

the point of joining forces with him ; and a letter was
written to the Rump parliament threatening force if it

did not at once fill up its numbers. His habitual caution,

however, induced him to wait until the next post from

England, and the next post brought news of Booth's

defeat. On 17th October he heard of Lambert's coup

d'etat. From that moment his plan of action seems to

have been settled. In most vehement language he dis-

carded the idea of restoring Charles, and, with admirable

perception of the state of English feeling, took for his

principles that in all cases the army must obey the civil

government, and that the civil government must be

parliamentary. At present the Rump was crushed by the

military party; the first thing, therefore, to be done was to

free it. His army tmderwent a second purging of dis-

affection, and he then issued a declaration embodying the

principles mentioned above, and wrote to LenthaU the

speaker, and to the military party to the same effect.

In a treaty with the Committee of Safety his commissioners,

who were to" treat only on the basis of the restoration of

parliament, were outwitted. Monk at once refused to

accept the terms proposed, and marched to Berwick, having

received an offer from Fairfax of assistance if he would
promise that the secluded members should be restored.

Meanwhile Lambert had marched northwards to oppose

his advance.

Monk's action gave fresh heart to the adherents of the

parliament. The old councLl of state met, and named
him general of all the forces ; the fleet and the Irish

army, hitherto hostOe, came round to his side, and so did

Whetham at Portsmouth. Monk now, in the depth of

winter, crossed the Tweed at Coldstream and marched by
Morpeth to Newcastle, receiving letters on his way from

the lord mayor and corporation of London urging him to

declare for a free parliament. On his approach Lambert's

army fell away from their general, and no obstacle re-

mained on the path to London. At York, when urged by

Fairfax, he refused to declare for the king, and is said to

have caned an officer who affirmed that such was his

design. The parliament now ordered him to come to

London. Fleetwood's army which occupied the city was,

however, a great obstacle j and it was not until the parlisr
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ment, in accordance with his desire, naa arranged tor its

dispersion that he would enter with his troops. Even
now his intentions were strictly concealed; the spies set

upon him by the various aJixious parties were baffled by

his impenetrable reserve. He was careful to appear only

as the servant of parliament, but when he was de.sired to

take the oath of abjuration he skilfully evaded the request.

The city, always jealous of the Rump, now refused to pay

taxes except at the orders of a free parliament. Monk,

in consequence, was ordered to march his troops into the

city, take down the chains and posts, and unhinge the

gates. He obeyed these unpleasant orders to the letter on

10th February, thus permitting the hatred agaiftst the

Rump to rise to the height, while he showed how unwilling

an instrument of its will he was. On the 11th, however,

he threw off the mask, and wrote to the Rump, peremp-

torily ordering them to admit the secluded members, and
to arrange for the dissolution of parliament by 6th May.
On 21st February he conducted the secluded members
to their seats. At the same time he refused to restore

the Lords, and issued an order disowning Charles Stuart

to all officers commanding garrisons. Every day brought

him fresh opportunities for tact or evasion. His partisans

iirged him to take the protectorate himself; another party

pressed upon him to accomplish the restoration by the

army alone ; a body of his officers sent him a declaration

expressing their fears that his action would lead to the

restoration of monarchy ; the parliament tried to make
him their own by the offer of Hampton Court. His
trained habits of dissimulation and evasion, assisted now
and again by downright lying, carried him triumphantly

through all these dangers, and at length the dissolution of

parliament on 17th March removed his greatest difficulties.

It was now that, with the utmost secrecy, he gave an
interview for the first time to the king's agent Grerrvil,

and by him sent to Charles the conditions of his restoration,

afterwards embodied in the Declaration of Breda. For
himself at present he would accept nothing but a royal

commission as captain-general, which he carefully kept

to himself. All parties were anxious to gain the credit of

the now certain restoration. The Presbyterians in parti-

cular, fearful of the king being restored without terms,

did their best to discredit Monk and to impose the old Isle

of Wight conditions ; but in vain. The new parliament was
elected, and the House of Lords restored ; an insurrection

by Lambert, who had escaped from the Tower, was quelled

by Monk's prompt measures, and on the 25th of April he
received the solemn thanks of both Houses, and the title of

captain-general of the land forces. Even yet the farce

was kept up. Monk received with feigned surprise the

king's official letter from Grenvil, denied all knowledge
of its contents, and handed it over sealed to the council,

who decided to defer opening it untd the meeting of

parliament on the 1st of May.
With the Restoration the historic interest of Monk's career

ceases. The rude soldier of fortune had played the game
with incomparable dexterity, and had won the stakes. He
was made gentleman of the bedchamber, knight of the

Garter, master of the horse, commander-m-chief, and duke of

Albemarle, and had a pension of X7000 a year allotted him.

His utmost desires were satisfied, and he made no attempt to

compete further in a society in which neither he nor his

vulgar wife could ever be at home, and which he heartily

despised. As long as the army existed of which he was
the idol, and of which the last service was to suppress

Venner's revolt, he was a person not to be displeased.

But he entirely concurred in the measure for disbanding

it, and thenceforward his influence was small, though men's

eyes turned naturally to him in emergency. In the trial

of the reeicides he was on the side of moderation, and his

16-27

interposition saved Hazelrlg's life ; but his action at the

time of Argyll's trial will always be regarded as the most
dishonourable episode in his career. In 1664 he had
charge of the admiralty when James was in command of

the fleet, and when in 1665 London was deserted on
account of the plague. Monk, with all the readiness of a
man accustomed to obey without thinking of risk, remained
in charge of the government of the city. Once more, at

the end of this year, he was called upon to fight, having a
joint commission with Prince Rupert against the Dutch.
The whole burden of the preparations fell upon him. On
23d April 1666 the admirals joined the fleet, and on the 1st

of June began a battle near Dunkirk which lasted four days,

followed by another on 23d July, in which Monk showed
aU his old coolness and skill, and a reckless daring which
had seemed hitherto foreign to his character. His last

service was in 1667, when the Dutch fleet sailed up the

Thames, and Monk, ill as he was, hastened to Cha.tham to

oppose their further progress. From that time he lived

much in privacy, and died of dropsy on the 3d of December
1669.
See the Lives ofMonk by Dr Gamble, his chaplain (Loudon, 1671),

and Dr Skinner (London, 1724), and Guizot's Essay, which contain

all necessary information concerning his life up to the Restoration.

The numerous and amusing notices of him in the court of Charles
in Pepys's Diary should on no account be omitted. (0. A.)

MONKEY. See Ape.

MONMOUTH, a maritime county of England, is bounded
E. by Gloucester, N.E. by Hereford, N.W. by Brecknock,

W. and S.W. by Glamorgan, and S. by the Bristol Channel.

Its greatest length from north to south is about 35 miles,

and its greatest breadth about 28 miles. The area is

368,399 acres, or about 572 square miles.

The surface of Monmouth is very varied, and in many
districts picturesque, especially along the vaDey of the

Wye, and between that river and the Usk. In the west

and north the hills rise to a considerable height, and this

mountain region encircles a finely undulating country.

The highest summits are Sugar Loaf (1954 feet), Blorenge

(1908), and Skyridd Vawr (1601). Along the shore on

both sides of the Usk are two extensive tracts of marsh

land, caUed the Caldicot and WentUooge levels, stretching

from Cardiff to Portskewett, and protected from inunda-

tions by strong embankments
The principal rivers are : the Wye, which forms the

eastern boundary of the county with Gloucester, and falls

into the Severn ; the Monnow, which forms a portion of its

boundary \vith Hereford, and falls into the Wye at the

town of Monmouth ; the Usk, which rises in Brecknock,

and flows southward through the centre of the county to thf

Bristol Charmel ; the Ebbw, which rises in the north-west

and enters the estuary of the Usk -at Newport; and the

Rumney, which rises in Brecknock, and, after forming the

boundary between Monmouth and Glamorgan, enters the

Bristol Clhannel a little to the east of Cardiff. Salmon
abound especially in the Wye and the Usk, and trout are

plentiful in all the streams. The Monmouthshire canal

extends from Nevrport to Pontypool, where it is joined by
the Brecknockshire canal, which enters the county near

Abergavenny. The Crumlin canal also ioins it a little

north of Newport.
Geology and Minerals.—The geological formation is principally

Old Red Sandstone and Carboniferous,—the Old Red forming the

larger and eastern half of the county, from a line drawn between
Abergavenny and Newport, and varying in thickness from betweeti

8000 *nd 10,000 feet in the north to about 4000 feet iu the south.

In the centre of the county adjoining the Usk there is an outcrop

of Silurian rocks, extending to a distance of about 8 miles north

and south and 4 miles east and west, with a thickness of 1500 feet

Towards the east the Old Sandstone rocks dip beneath the Monn-
tain Limestone, which enters the county from the Forest of Dean
coal-field, and gives its pecuhar character to the fine scenery alon^
the banks of the Wye. The formation varies in thickness from
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BOO to 700 feet The Carboniferous rocks connected with the great

raal-field of South Wales, which occupy the western half ol the

•oranty, include—(1) the Coal-measures, consisting of shales and
ronstones, sandstones and coal-beds, of which there are about
twenty-five beds more than 2 feet thick^total thickness of the

•trata 11,650 feet; (2) Millstone Grit, thickness 330 feet; (3)
Carboniferous Limestone surrounding the coal-field, thickness
1000 feet ; (4) Old Red Sandstone, thickness 600 feet ; and (5)

Devonian beds, consisting of red and brown sandstone, marls, &c.

,

thickness about 6000 fe^t. The coal-field of Jlonmouth has an area

rf about 90,000 acres. The beds are very rich and easily wrought,
the most common way of reaching them being by excavating pas-

sages in the sides of the hills instead of by perpendicular shafts.

The number of collieries in operation in 1881 was 124, and the
quantity of coal obtained 5,412,8'10 tons. The ironstone of Mon-
mouth occurs both in beds and in large detached masses, the yield

of iron being 18 to 55 per cent. The ore is the common clay iron-

stone. The iron industry was prosecuted successfully at Pouty-
pool in the 16th century by a family of the name of Grant, who
were succeeded by the Hanburys. In 1740 Monmouth contained,
however, only two furnaces, which made together about 900 tons
annually ; but during the present century they have increased with
great rapidity. In 1881 the number of furnaces built was 52,

of which 35 were in operation ; the amount of pig-L-on made was
527,277 tons. The works are situated chiefly in the neighbourhood
of Poutypool, and occupy the valleys running in the direction of

Merthyr-Tydfil in Glamorganshire. The following were the Mon-
south ironworks in 1881 : Abersychan, Pontypool, Pontnewynydd,
Ebbw Vale, Victoria, Blaenavon, C^vmbran, Nantyglo, Oakuelds,
Blaina, Rhymney, and Tredegar. In all, there were 258 puddling
furnaces and 42 rolling mills in operation. The tinplate manufacture
is extensively carried on, the number of mills in the Monmouth and
Gloucester district in 1881 being 95, the majority of which are in

Monmouth. Fireclay is extensively dug ; 57,680 tons were obtained
in 1881.

Soil and Agriculture.—Along the seashore the soi^ is deep and
loamy, and admirably suited for the growth of trees The most
fertile land is that resting on Red Sandstone, especially along the
banks of the Usk, where wheat is raised of a very fine quality. In
the more mountainous regions there is very little land that is cap-

able of cultivation, the soil being generally thin and peaty. More
attention is paid to grazing than to the raising of crops. There are

a considerable number of dairy-farms, but sheep-farming is much
more largely followed. Of the 5241 holdings existing in 1880—the
latest year in regard to which there is information—3661 were under
50 acres, 1521 between 50 and 300 acres, and only 59 above 300
acres. According to the agricultural returns for 1882 there were
243,063 acres, or almost exactly two-thirds of the total area, under
cultivation. Of this, 176,137 acres were permanent pasture, and
14,729 rotation grasses. Of the 35,038 acres under corn crops,

16,151 were under wheat, 8596 under barley, and 8711 under oats.

Turnips occupied 7486 acres, and potatoes only 1777. The area
under woods was 29,856, and under orchards 3921. The total num-
ber of horses in 1882 was 11,631 ; of which the number used solely

for agricultural purposes was 6449. Of the 44,168 cattle, 16,500
were cows and heifers in milk or in calf. Sheep numbered 134,682,
and pigs 17,621. According to the latest return there were 7811
proprietors possessing 296,971 acres, with a gross annnal rental of
£837,254. Of the owners, 4970, or 63 per cent., possessed less than
1 acre, 17 possessed between 1000 and 2000 acres, and 15 between
2000 and 5000. The following four proprietors possessed over 5000
acres each : Lady Llanover, 6312 ; the executors of C. H. Leigh,
10,211 ; Lord Tredegar, 25,229; and the duke of Beaufort, 27,299.

Railways.—The South Wales RaUway passes along the coast,

and many branch lines cross the county in various directions, the
majority of them being connected either with the Great Western
Railway or with the London and North-Western.

Administration and Population.—Monmouth comprises six hun-
dreds, and the municipal boroughs of Monmouth (6111) and Newport
(38, 427). In addition to these two boroughs there are fifteen urban
sanitary districts, viz. , Abergavenny (6941), Abersychan (13,496),
Abertillery (6003), Blaenavon (9451), Caerleon (1099), Chepstow
(3591), Christchnrch (3114), Ebbw Vale (14,700), Llanvrechva
(4177), Panteg (3321), Pontj-pool (5244), Rhymney (8663), Risca
(5540), Tredegar (18,771), Usk (1470). With the exception of
Abergavenny, Caerleon, Chepstow, Poutypool, and Usk, these ton-ns
are all of modem growth, and owe their rise chiefly to the iron
manufacture,—some, however, being partly dependent on that of
tinplate. The county returns two members to parliament ; and
Monmouth, Newport, and Usk, with a united population in 1881
of 46,033, constitute the Monmouth district of boroughs, which
returns one member. The county has one court of quarter sessions,

and is divided into twelve petty sessional divisions. It is within
the diocese of Llandaff, and contains 147 civil parishes, townships,
or places. The population, which in 1801 was 45,568, had increased
in 1841 to 134,368, in 1871 to 195,448, and in 1881 to 211,267 (uf

whom 108,262 were males, and 103,005 females).

Bistonj and ArUiquUics.—At the time of the Romans, Mon-
mouthshiie formed part of the territory of the Silures, %vhose princi-

pal seat was at Cacrwcnt, and who were finally subdued by Julius
Frontinus in the year 78. The old Roman road, the Via Julia,
leading from the mouth of the Severn to Caerwent, Caerleon, and
onwards to Neath in Glamorgan, can still be traced. The Romans
made Caerwent, under the name of Venta Silurum, one of their

principal stations. Tcsselated -pavements, pottery, coins, and the
remains of a Roman villa, have been found, and portions of the
walls still exist. The gieat station of the Romans was, however,
Isca Silurum, now Caerleon (Caer legionis), so called from the fact

that it was the headquarters of the second imperial legion. By
Richard of Cirencester it is called a colonia, being the only station

of that dignity in Wales. The mound of the old fortress still remain.s,-

as well as portions of an amphitheatre. Other less important
stations were those of Gohannium (Abergavenny), Blestium (Mon-
mouth), and Burrium (probably Usk). Monmouthshire i»-closolj

associated with Arthurian legends. In one of the Welsh tales

Arthur is represented as holding his court at Caerleon during Easter
and Pentecost ; and an oval bank near the town is pointed out as

Arthur's Round Table. VHien Wales was subdivided into three king-
doms on the death of Rhodri the Great, Monmouth and Glamorgan
were placed under a separate government distinct from either of
these. In the 9th and 10th centuries Monmouth was frequently
invaded by the Danes. Edward the Confessor, after various vic-

tories in AVales, is said to have established a palace at Porth-is-coed
( Portskewett). At the Norman Conquest the district was delivered
over to certain Norman nobles called the "Lords of the Marches,"
who held the lands which they conquered per baroniam, with the
right of administering justice. Frequent contests took place behveen
the lords of the marches and the Welsh princes, until, in 1535, the
jurisdiction of the lords of the .marches was abolished by Henrj-
VIII., and Monmouth was included among the English counties.
Monmouth was the scene of frequent contests during the Civil War.
Of Norman fortresses in Monmouth, either built or taken possession

of by the lords of the marches, there are remains of no less than
twenty-five. The more interesting and important are ; Caldicot, the
seat of the De Bohuns, still entire ; Chepstow, one of the finest

examples of the old Norman fortress extant, built by Fitz Osborn in

the 11th century, in an imposing situation on a cliif above the Wye
;

Newport, now used as a brewery ; Abergavenny, now partly occu-
pied as a private house ; the gateway and hall of Grosmont, once the
residence of the dukes of Lancaster ; and Usk Castle, rebuilt by the
Clares in the time of Edward IV. Raglan Castle, begun in the
reign of Henry V., is a very extensive ruin, still in good preser-
vation, and contains examples of several styles of architectiu-e.

Char' 3 I. resided in it after the battle of Na*by. In 1646 it was
delivered up to the parliament
At the Refoi-mation there were in Monmouth two hospitals and

fifteen other religious houses ; but of these there are now important
remains of only two—Llanthony Abbey and Tintern Abbey. Llan-
thony Abbey in the Black mountains was founded by William de
Lacy for Cistercians in 1103, and is one of the earliest examples in
England of the Pointed style. The ruins consist of portions of the
nave, transept.central tower, and choir. Tintern Abbey, belong-
ing to the same order, and founded by Walter de Clare in 1131,
occupies a position of great beauty on the Wye. The building,
which is Early English to Decorated, is almost entire, with the
exception of the roof, and may be ranked' as among the finest of the
monastic ruins in England. Of the churches, those chiefly worthy
of mention are Abergavenny, belonging to a Benedictine priory, and
containing a number of old tombs ; Chepstow, partly Norman, and
possessing a richly-moulded doorway ; St Woolos church, Newport,
also Norman ; the Norman church of St Thomas, Monmouth ; Christ
Church, principally Norman ; Mathernc, Early English, with a tablet
to Tewdris, king of Gwent ; and Usk, formerly attached to a Bene-
dictine priory.

Monmouth (Welsh Mynwy), a parliamentary and muni-
cipal borough of England, and the county town of Mon-
mouthshire, is picturesquely situated at the confluence of

the Wye and Monnow, in a valley almost surrounded by
hills, 18 miles south of Hereford, and 128 west of London.
By means of the Wye it has water communication with
Bristol and with Hereford, but the former trade by barges
has now ceased. Portions of the old walls and of the four
gates still remain; but there are only insignificant ruins of

the old .castle in which Henry V. was born, and which was
originally a Saxon fortress. After the Norman Conquest
it was placed in the hands of William Fitz Osborn, whose
descendant, John lord of Monmouth, rebuilt it on a more
extensive scale. Subsequently it came into the po.ssession

of John of Gatint, and thus became attached to the house
of Lancaster. In 1G4C it was taken by the parliamentary
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forces. Besides the cburches^—the new church of St Mary,
completed in 1882, and the church of St Thomas, an Old
Xorman structure—the principal public buildings are the

market -house, the town-hall, and Jones's free grammar
school in the Tudor style, which dates from 1614. The
manufactures of the town are unimportant. The fine

scenery of the Wye attracts a large number of tourists.

Monmouth was oue of the strongholds of the Saxons ; and under
the name of Blestium formed one of the stations of the Romans.
It was incorporated by Edward VI., and received additional privileges

from Queen Mary, James I., aud Charles II. It has sent members
to parliament since the 27th of Henry VIII., and, along with New-
port and Usk, forms the Monmouth district of boroughs. The area

of the municipal and parliamentary borough is 4983 acres, with a

population in 1871 of 5879, and in 1881 of Gill.

MONMOUTH, a small manufacturing city of the

United States, in Warren county, Illinois, 180 miles south-

west of Chicago by the main line of the Chicago, Burling-

ton, and Quincy Eailroad, and 182 miles north of St

Louis, by the St Louis division of the same railway. The
Iowa Central HaCway passes through the city. An opera-

house and Monmouth CoUege are among the principal

bttildings. The population increased from 4662 in 1870
to 5000 in 1880. The city charter dates from 1852.

MONMOUTH, James, Duke of (1649-1685), was the

son of Lucy Walters, "a brown, beautiful, bold, but insipid

creature," who became the mistress of Charles II. during

his exile at the Hague. He was born at Rotterdam on
9th April 1649. That Charles was his father is more
than doubtful, for Lucy Walters had previously lived with

Robert Sidney, brother of Algernon, and the boy resem-

bled him very closely. Charles, however, always recog-

iiized him as his son, and lavished on him an almost doting

affection. Until the Restoration he was placed under the.

care, first of Lord Crofts, and then of the queen-dowager,

receiving his education to the age of nine from Roman
Catholics, but thenceforward from Protestant tutors. In

July 1662 he was sent for by Charles, and at thirteen was
placed under the protection of Lady Castlemaine and in the

full tide of the worst influences of the court. No formal

acknowledgment of his relation to the king was made
until his betrothal to Anne Scott, daughter of the earl of

Buccleuch, and the wealthiest heiress of Scotland, vihom
ke married in 1665. During 1663 he was made duke of

Orkney, duke of Monmouth, and knight of the Garter,

and received honorary degrees at both universities. At
court he was treated as a prince of the blood. In 1665
he served with credit under the duke of York in the san-

guinary naval battle oflF Lowestoft. A captaincy in the

Life Guards was given him, and in 1670, on the death of

Monk, he was made captain-general of the king's forces.

Offices of wealth also were showered upon him, and he was
admitted to the privy council. In 1670 Monmouth was
with the court at Dover, and it is afiirmed by Reresby

that the mysterious death of Charles's sister, the duchess

of Orleans, was due to her husband's revenge on the dis-

covery of her intrigue with the duke. It is certain, from
an entry by Pepys, that as early as 1 666 he had estab-

lished a character for vice and profligacy. He was the

direct author of the attack in December 1670 on Sir John
Coventry, and only a few months later received the royal

pardon for his share in the wanton murder of a street

watchman. De Gramont, in his vivid sketch of Mon-
mouth, after describing the beauty and bodily prowess for

which he was celebrated, notices the fatal emptiness and
poverty of his mind :

" Tons les avantages du corps par-

ioient pour lui ; mais son esprit ne disait pas un petit mot
en sa faveur. D n'avait de sentimens que ce qu'on lui en

inspirait."

Hitherto Monmouth had been but the spoiled child of

a wicked court. Now, however, by no act or will of bis

own, he began to be a person politically important. As
early as 1662 the king's excessive fondness for him had
caused anxiety. Even then the fear of a "difference"
between Monmouth and James, duke of York, exercised

men's minds ; and every caress or promotion kept the fear

alive. Who could tell but that, in default of legitimate issue

from his queen, Charles might declare Monmouth himself his

lawful son 1 A civil war would be the certain consequencb.
Soon after 1670 the matter took a more serious aspect
The anti-popery spirit was rapidly becoming a frenzy,
and the succession of James a probability and a terror.

Charles was urged to legitimize Monmouth by a declara-
tion of his marriage with Lucy Walters. He returned
answer that, much as he loved the duke, he would rather
see him hanged at Tyburn than own him for his legiti-

mate son. Every attempt, however, was henceforth made,
especially by Shaftesbury, to accustom people to this idea.

He was taught to regard himself as the representative oi

the Protestant interest, and his position was emphasized by
James's second marriage with the Roman Catholic princess
Mary of Modena. From this time his popular title was " the
Protestant duke." Charles was induced to confer many
prominent employments upon him. The influence of James,
however, was strong enough to prevent his obtaining the
lord-lieutenancy of Ireland ; but he received the command
of the 6000 troops who assisted the French in the second
Dutch war, and, though without any claims to generalship,
behaved with courage in the field. In 1674 he was made
"commander-in-chief;" and, in connexion vnth this, anothej
urisuccessful attempt, graphically described in Clarke's
Life of James, was made to gain from Charles a tacit

admission of his legitimacy. At Shaftesbury's instance
he was placed in command of the army employed in 1675
against the Scottish Covenanters, and was present at Both-
well Bridge (22d June 1679). He was also, at the king's
request, elected chancellor of the university of Cambridge.
In 1678^ when Charles was driven into war vrith Louis,
Monmouth took the command of the English contingent,
and again gained credit for personal courage at the battle
of St Denis. On his return to London England was ir,

the throes of the popish terror. The idea of securing the
Protestant succession by legitimizing Monmouth again took
shape and was eagerly pressed on by Shaftesbury ; at the
time it seemed possible that success would wait on the
audacity.

The Pensionary parliament was dissolved in Januarv
1678-79, and was succeeded by one still more determined
in its anti-popery spirit. To avoid the storm, and to save,

if possible, his brother's interests, Charles instructed bin.

to leave the country. James retired to Brussels, the king
having previously signed a declaration that he "never
was married, nor gave contract to any woman whatsoever
but to my wife Queen Catherine." In spite of this, Mon-
mouth might naturally now nourish ambitious views.

His rival was off the stage; Shaftesbury, his chief supporter,

was president of the remodelled privy council ; and he
himself was the favourite of the city. In the summer of

1679 the king suddenly fell ill, and the dangers of a dis-

puted succession became terribly apparent. The party

opposed to Monmouth, or rather to Shaftesbury, easily

prevailed upon Charles to consent to his brother's tem
porary return. When, after the king's recovery, James
went back to Brussels, he received a promise that Mon-
mouth too should be removed from favour and ordered

to leave the country. Accordingly, in September 1679.

the latter repaired to Utrecht, while shortly afterwards?

James's friends so far gained ground as to obtain for him
permission to reside at Edinburgh instead of at Brussels.

Within two months of his arrival at Utrecht, Monmouth
secretly returned to England, arriving in London on 27th
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November. Shaftesbury had assiduously Kept aiivo the

antd-popery agitation, and Monmouth, as the champion of

Protestantism, was received with every sign of popular

delight. The king appeared to be greatly incensed,

deprived him of all his offices, and ordered him to leave

the kingdom at once. This he refused to do, and the only

notice taken of the disobedience was that Charles forbade

him to appear at court.

It was at this time that the Appeal from the Country to

the City, written by Ferguson, was published, in which

the legitimacy was tacitly given up, and in which it was

urged that " he that hath the worst title will make the

best king." Now it was too that the exclusionists, who,

in the absence of parliament, were deprived of their best

basis for agitation, developed the system of petitioning.

So promptly and successfully was this answered by the
" abhorrers " that Charles, feeling the ground safer under
him, recalled James to London,—a step immediately fol-

lowed by the resignation of the chief Whigs in the council

Once more, however, a desperate attempt was made, by
the fable of the "black box," to establish Monmouth's
claims ; and "once more these claims were met by Charles's

public declarations in'the Gn~ette that he had .never been
married but to the queen. Still acting under Shaftesbury's

advice, Monmouth now went upon the first of his progresses

in the west of England, visiting the chief members of the

country party, and gaining by his open and engaging

manner much popularity among the people. In August
1680 James returned to Edinburgh, hjs right to the suc-

cession being again formally acknowledged by Charles.

Monmouth at- once threw himself more vehemently than

ever into the pFaHS of the exclusionists. He ^poke and

voted for exclusion in the House of Lords, and used lan-

guage not likely to be forgotten by James when an oppor-

tunity should come for resenting it. He was ostenta-

tiously feasted by the city, the stronghold of Shaftesbury's

influence ; and it was observed as he drove to dinner that

the mark of illegitimacy had been removed from the arms

on his coach.

The year 1681 seemed likely to witness another civil

war. "The parliament finished a session of hysterical pas-

sion by passing a series of resolutions of extreme violence,

of which one was that Monmouth should be restored to

all his offices and commands; and when Charles summoned
a fresh parliament to meet at Oxford the leaders of the

exclusionists went thither with troops of armed men.

Not untU the dissolution of this last parliament on
27th March 1681 did the weakness of Monmouth's cause

appear. In a moment the gfound was cut from under

the feet of his supporters ; their basis for agitation was
gona; pamphlets and broadsheets could ill supply the

place of a determined and unscrupulous majority of the

House of Commons. The deep-seated respect for legitimate

descent asserted itself, and a great reaction took place.

In November Dryden published Absalom and Achitophd.

Shaftesbury was attacked, but was saved for the time by a
favouring jury. Monmouth himself did not escape insult

in the street and from the pulpit. He thought it wise to

try to make his peace with the king, but he did so in

terms which incensed Charles the more. He was forbidden

to hold communication with the court ; and, when he went

in September 1682 on a second progress through the

western and north-western counties, his proceedings were

narrowly watched, and he was at length arrested at Staf-

ford. Severity and extreme lenity, were strangely mingled

in the treatment he received. He was released on bail,

and in February 1683, after the flight and death of Shaftes-

bury, he openly broke the implied conditions of his bail

by paying a third visit to Chichester with Lord Grey and
others on pretence of a hunting expedition.

It is probable that Monmoutn never went so far as to

think of armed rebellion ; bet there is little doubt that he

had talked over schemes likely to lead to this, and that

Shaftesbury had gone further stUl. The Rye House plot

gave an excuse for arresting the Whig leaders ; Russell

and Sidney were judicially murdered; Monmouth rmired

to Toddington in Bedfordshire, and was left untbucned.

Court intrigue favouring him, he succeeded, by the betrayal

of his comrades and by two submissive letters, in reconciling

himself with the help of Halifax both to the king and to

James, though he had the humiliation of seeing his con-

fessions and declarations of penitence published at length

in the Gazette. His character for pettishness and folly

was now amply illustrated. He denied that he had given

evidence ; he then wrote a recantation of the denial He
managed by importunity to get from the king the paper

of recantation ; and lastly, by the advice of his wife, he

offered again to sign the paper which he had withdrawn.

Charles heartily despised him, and yet appears to have

tetained affection for him. His partial retiuii to favour

raised the hopes of his partisans ; to check these, Algernon

Sidney was executed. Monmouth was now subpoenaed to

give evidence at the trial of young Hampden. To escape

from the difficulties thus opened before him he fled to

Holland, probably with Charles's connivance, and though

be once more, in November 1684, visited England, it is

doubtful whether he ever again, saw the king. From that

time tUl the king's death he lived with . Henrietta Went-
worth, his mistress, in Holland and at Brussels.

The quiet accession of James 11. soon brought Monmouth
to the crisis of his fate. Though at first desirous of retire-

ment, his character was too weak to withstand the urgency

of more determined men. Within .two months of CharWs
death he had yielded to the impetuosity of Argyll and

others of the exiles, and to vague invitations from England.

It is curious, as ehowing the light in which his claims

were vifewed by his feUow-conspirators, that one of the

terms of the compact between them was that, though

Monmouth should lead the expedition, he should not assume

the title of king without their, consent, and should, if the

rebellion were successful, resign it and accept whatever

rank the nation might ofier. Now, as always, he was but

a puppet in other men's hands.

On the 2d of May Argyll sailed with three ships to raise

the west of Scotland ; and three Weeks later, with a foUowing
of only eighty-two persons, of whom Lord Grey, Fletcher

of Saltoun, Wade, and Ferguson, the aiithor of the Appeal

from the Country to the City, were the chief, Monmouth him-

self set out for the west of England, where, as the strong-

hold of Protestant dissent and as the scene of his former pro-

gresses, he could alone hope for immediate suppcrt. Even
here, however, there was no movement ; and when on 11th

June Monmouth's three ships, having eluded the royal fleet,

arrived off Lyme Regis, he landed amid the curiosity rather

than the sympathy of tie inhabitants. In the market-place

his "declaration," drawn up by Ferguson, was read aloud.

In this document James was painted in the blackest colours.

Not only was he declared to be the mtu-derer of Essex, but

he was directly charged with having poisoned Charles to

obtain his crown, Monmouth soon collected an undisci-

plined body of some 1500 men, with whom he seized

Axminster, and eiitered Taunton. Meanwhile the parlia-

ment had declared it treason to assert Monmouth's legiti-

macy, or his title to the crown ; a reward of £5000 was
offered for him dead or alive, and an act of attainder was
passed in imusual haste. Troops had been hurriedly sent

to meet him, and when he reached Bridgwater Albemarle

was already in his rear. From Bridgwater the army
marched through Glastonbury to attack Bristol, into Whieh

Lord Fevershaia had hastily thrown a regiment of foot-
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guards. The attempt, however, miscarried ; and, after

summoning Bath in vain, Monmouth, with a disordered

force, began his retrograde march through Philips-Norton

and Frome, continuaUy harassed by Feversham's soldiers.

At the latter place he heard of Argyll's total rout in the

western Highlands. He was now anxious to give up the

enterprise, but was overruled by Grey, Wade, and others.

On the 3d of July he reached Bridgwater again, with an

army little better than a rabble, living at free quarters

and behaving with reckless violence. On Sunday the 5th

Feversham entered Sedgemoor in pursuit ; Monmouth the

same night attempted a surprise, but his troops were hope-

lessly routed. He himself, with Grey and a few others,

fled over the Mendip Hills to the New Forest, hoping to

reach the coast and escape by sea. The whole country,

however, was on the alert, and at midnight on the 8th,

within a month of their landing, James heard that the

revolt, desperate from the first, was over, and that his rival

had been captured close to Ringwood, in Hampshire.

The poor strain in Monmouth's character was now
shown. On the day of his capture he wrote to James in

terms of the most unmanly contrition, ascribing his wrong-

doings to the action of others, and imploring an interview.

On the 13th the prisoners reached the Tower, and on

the next day Monmouth was allowed to see James. The
accounts of this interview are difficult to reconcile in some
points, but all agree that Monmouth's behaviour was un-

manly in the extreme. No- mercy was shown him, nor did

he in the least deserve mercy ; he had wantonly attacked

the peace of the country, and had cruelly libelled James.

The king had not, even in his own mind, any family tie to

restrain him from exercising just severity, for be had never

believed Monmouth to be the son of any one but Robert

Sidney.- Two painful interviews followed with the wife

for whom he bore no love, and who for him could feel no

respect ; another imploring letter was sent to the king, and

abject protestations and beseechings were made to all whom
he saw. He offered, as the last hope, to become a Roman
Catholic, and this might possibly have proved successful,

but the priests sent by James to ascertain the sincerity of

his " conversion " declared that he cared only for his life

and not for his souL

He met his death on the scaffold with calmness and

dignity. In the paper which he left signed, and to which

he referred in rnswer to the questions wherevrith the

busy bishops plied him, he expressed his sorrow for having

assumed the royal style, and at the last moment confessed

that Charles had denied to him privately, as he had publicly,

that he was ever married to Lucy Walters. He died at the

age of thirty-six, on the 1 5th of July 1 685. " Thus ended,"'

says Evelyn, "this quondam duke, darling of his father

and the ladies, being extremely handsome and adroit ; an

excellent souldier and dancer, a favourite of the people, of

an easy nature, debauched by lusts, seduced by crafty

knaves, who would have set him up only to make a pro-

perty, and took the opportunity of the king being of

another . religion to gather a party of discontented men.

He failed and perished."

Authorities for Monmouth's career are, besides the known moo^
histories, Kober^'s Life (1844), Evelyn's and Pepys's Diaries, Old-

mison's History (1724), James II.'s Memoirs, Clarke'a lAfe of Javus,

Eeresby's Memoirs, Sidney's Diary (1843), Scott's notes to Absalom,

and Ackitophel, and The Heroic Life, kc. (1683). For the rebellion,

Lord Grey's Secret History should be consulted. (0. A.)

MONMOUTH, Geoffeky of. See Geoffeey of Mon-
IfOUTH.

MONOPHTSITES. See Eittyches and Jacobite

Chubch.
MONOPOLI, a city of Italy, in the province of Bari, is

situated on the coast of the Adriatic, 25 miles by rail

south-east of Bari. It is a bishop's see, is surrounded by

ancient walls, and possesses a castle built by Charles V. in

1552, a cathedral, and a hospital dating from 1368. The
harbour is neither large nor well protected, but a certain

amount of trade is carried on in the export of local pro-

ducts. The population was about 12,000 in the 17th

century; 12,377 in 1861; and 13,000 in 1871, that of

the commune being 20,918. Monopoli probably grew up
after the destruction of Egnatia (5th century), the ruins

of which lie a few miles to the south.

MONOPOLY (iMvo-irwXla, exclusive sale). Though still

used in the sense of the original Greek, the term is more
accurately applied only to grants frtim the crown or from

parliament, the private act of an Individual whereby he

obtains control over the supply of any particular article

being properly defined as "engrossing." It was from the

practice of the sovereign granting to a favourite, or as a

reward for good service, a monopoly Ih the sale or manu
facture of some particular class of goods that the system

of protecting inventions arose, and this fact lends additional

interest to the history of monopolies (see Patents). When
the practice of making such grants first arose it does not

appear easy to say. Sir Edward Coke laid it down that

by the ancient common law the king could grant to an

inventor, or to the importer of an invention from abroad, a
temporary monopoly in his invention, but that grants in

restraint of trade were illegal. Such, too, was the law laid

down in the first recorded case, Darcy v. Allin (the case of

monopolies, 1602), and this decision was never overruled,

though the law was frequently evaded. The patent rolls

of the Plantageneta show few instances of grants of mono-

polies (the earliest known is temp. Edw. HI.), and we
come down to the reign of Henry VIII. before we find

much evidence of this exercise of the prerogative in the

case of either new inventions or known articles of trade.

Elizabeth, as is well known, granted patents of monopoly

so freely that the practice became a grave abuse, and on

several- occasions gave rise to serious complaints in the

House of Commons. Lists prepared at the time show that

many of the commonest necessaries of life were the subjects

of monopolies, by which their price was grievously enhanced.

That the queen did not assume the right of making these

grants entirely at her pleasure is shown, not only by her

own statements in answer to addresses from the House, but

by the fact that the preambles to the instruments convey-

ing the grants always set forth some public benefit to be

derived from their action. Thus a grant of a monopoly

to sell playing-cards is made, because " divers subjects of

able bodies, which might go to plough, did employ them-

selves in the art of making of cards"; and one for the sale

of starch is justL*ied on the ground that it would prevent

wheat being wasted for the purpose. Accounts of the

angry debai'es in 1565 and 1601 are given in Hume and

elsewhere. The former debate produced a promise from

the queen that she would be careful in exercising her

privileges ; the latter a proclamation which, received -vith

great joy by the House, really had but little effect in

stopping the abuses complained of. A few grants were

cancelled, others limited, and others again left to the action

of the ordinary law courts (instead of the privy council).

In speaking of the results of the proclamation, previous

writers seem to have been misled by the promises made in

the queen's speech, promises by no means carried out in

the text of the document itself, a copy of which still exists

in the British Museum.
In the first parliament of James I. a "committee of

grievances " was appointed, of which Sir Edward Coke wa.«»

chairman. Numerous monopoly patents were brought uj)

before them, and were cancelled. Many more, however,

were granted by the king, and there grew up a' race of

"purveyors," who made use of the privileges granted them
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unrler the great seal for varioas purposes of extortion. One
of the most notorious of these was Sir Giles Mompesson,
who fled the country to avoid trial in 1621. After the

introduction of several bills, and several attempts by James
to compromise the matter by orders in council and
promises, the Statute of Monopolies was passed in 1623.

This made all monopolies illegal, except such as might be

granted by parliament, or were in respect of new manu-
factures or inventions. Upon this excepting clause is built

up the entire English system of letters patent for inven-

tions, the statute itself (amended by later Acts) being still

in force. The Act was strictly enforced, and by its aid the

evil system of monopolies was eventually abolished. This

result was not indeed immediately achieved, for even during

the Protectorate cases of monopoly patents were brought

up, and the patents cancelled as grievances. Parliament

has, of course, never exercised its power of granting to any
individual exclusive privileges of dealing in any articles of

trade, such as the privileges of the Elizabethan monopolists
;

but the licences required to be taken out by dealers in

wine, spirits, tobacco, <fcc., are lineal descendants of the old

monopoly grants, while the quasi-monopolies enjoyed by
railways, canals, gas and water companies, &c., under Acts

of Parliament, are also representative of the ancient practice.

MONOTHELITES {/Moyoee^Tai, monothelitai) was the

name given to those who, in the 7th century, while other-

wise orthodox, fell into the heresy' of maintaining that

Christ had only one will. The monothelite controversy

had its origin in the efforts of the emperor Heraclius to

win back for the church and the empire the excommuni-
cated and persecuted Monophysites or Eutychians of Egypt
and Syria. It seems to have been while in Armenia in

622 that, in an interview with Paul, the head of the

Severians (Monophysites) there, he first broached the doc-

trine of the fiia ivepyna of Christ, i.e., the doctrine that

the divine and human natures, while quite distinct in His
one person, had but one activity and operation.^ At a

somewhat later date he wrote to Arcadius of CyjJrus, com-
manding that " two energies " should not be spoken of

;

and in 626, while in Lazistan (Colchis), he had a meeting

with the metropolitan, Cyrus of Phasis, during which this

command was discussed, and Cyrus was at last bidden seek

further instruction on the subject from Sergius, patriarch

of Constantinople, a strong upholder of the [ila. ewpyeia,

and the emperor's counsellor with regard to it. So well

did he profit by the teaching he received in this quarter

that, in 630 or 631, Cyrus was appointed to the vacant

patriarchate of Alexandria, and in 633 succeeded in recon-

ciling the Severians of his province on the basis of fila

OiavSptKri kvipyna (one divine-human energy). He was,

however, opposed by Sophronius, a monk from Palestine,

who, after vainly appealing to Cyrus, actually went to Con-

stantinople to remonstrate with Sergius himself. Shortly

afterwards Sergius ^vTote to Pope Honorius, and received

a friendly reply. Sophronius, however, who meanwhile

had been made patriarch of Jerusalem (634), refused to be

silenced, and in his Epistola Synodica strongly insisted on
the " two energies." So intense did the controversy now
become that at last, towards the end of 638, Heraclius

published his Edhesis, or Exposition of the Faith, which

prohibited the use of the phrase "one energy," because of

its disquieting effects on some minds, as seeming to militate

against the doctrine of the two natures; while, on the other

hand, the expression " two energies" was interdicted because

^ According to some church historians, it was Paul who introduced

the doctriue ; but this statement seems to rest on a misinterpretation

of the auiUoiilios. See HeWe, Conciliengesch., iii. p. 124 sq. (1877),

who also traces the previous history of tne e-tprcssions fiia ivtpyila^

6tapSpi.K'r\ ifepytta, especially as found in the writings of the Pseudo-

Dionysius Areopagita.

it seemed to imply that Christ had two wills. That Christ

had but one will was declared to be the only orthodox

doctrine, and all the faithful were enjoined to hold ar»d

teach it without addition or deduction. The document
was not acceptable, however, to Popes Severinus and John
IV., the immediate successors of Honorius ; and Maximus,
the confessor, succeeded in stirring up such violent opposi-

tion in North Africa and Italy that, in 64R, Constans II.

judged it expedient to withdraw his grandfather's offensiYe

edict, and to substitute for it his o^vn Typus (ruTros jrcpt

TTicTTews), forbidding all discussion of the questions of the

duality or singleness of either the energy or the will of

Christ. The scheme of doctrine of the first four general

councils, in all its vagueness as to these points, was to bo

maintained ; so far as the controversy had gone, the dis-

putants on either side were to be held free from censure,

but to resume it would involve penal consequences. The
reply of the Western Church was promptly given in the

unambiguously dyothelite decrees of the Lateran synod
held by Martin I. in 649 ; but the cruel persecutions to

which both Slartin and Maximus were exposed, and finally

succimibed, secured for the imperial Typus the assent at

least of silence. With the accession of Constantine Pogo-
natus in 668 the controversy once more revived, and the

new emperor resolved to summon a general council It

met at Constantinople in 680, having been preceded in 679
by a brilliant synod under Pope Agatho at Rome, where it

had been agreed to depart in nothing from the decrees of

the Lateran synod. At Constantinople the condemnation
of the monothelite heresy was explicit and complete, Poikj

Honorius being anathematized by name along with the

others who had supported it. Beyond the limits of the
empire, monothelism survived for some centuries in Lebanon
among the Maronites {q.v.), who did not abjure their

heresies until 1182.
See the church historians, and especially Hefele {op. cit.), whose

obvious partisanship can only slightly affect the reader's apprecia-
tion of his full and accurate learning.

MONREALE, a contraction of " monte-reale," was so

called from a palace built there by the Norman Roger L,
king of Sicily. It is now a town of about 16,300 inhabit-

ants, situated 5 miles inland from Palermo, on the slojie

of Mount Caputo overlooking the beautiful and very fer-

tile valley called "La Concha d'Oro" (the Golden Shell),

famed for its orange, olive, and almond trees, the produce
of which is exported in large quantities. The town, which
for long was a mere village, owed its origin to the found-
ing of a large' Benedictine monastery, with its church, the

seat of the metropolitan archbishop of Sicily.^ This, the

greatest of all the monuments of the wealth and artistic

taste of the Norman kings in northern Sicily, who in 1072
expelled the Mohammedans and established themselves
there with Palermo as their capital, was begun about 1170
by William II., and in 1182 the church, dedicated to the
Assumption of the Virgin Mary, was, by a bull of Popo
Lucius III., elevated to the rank of a metropolitan cathe-

dral. It was, and is even now, one of the most magni-
ficent buildings in the world, aad Pope Lucius in no way
exaggerated its splendour when he said in his bull, " ut

simile opus per aliouem regem factum non fuerit a diebua
antiquis."

The archiepiscopal~palace and monastic buildings on the

south side were of great size and magnificence, and were
surrounded by a massive i)recinct wall, crowned at intervals

by twelve towers. This has been mostly rebuilt, and but
little now remains except ruins of some of the towers, a
great part of tlie monks' dormitory and frater, and the very
splendid cloister, completed about 1200. This latter is well

' An eurlier church appears to have existed at Slonreale siace tho
6tK century, but no traces of it now remain.
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preserved, and is one of the finest ck>istet3 ootn lor size

and beauty of detail that now exiata anywhere. It is about
170 feet square, with pointed arches covered with marble
inlay, supported on pairs of columns in white marble, 216

Plan ofthe cathedral of Monreale, as baift in the 12th centtny,

omitting later additions.

11. High alter and tjaldacchliio

12. jiltar in northern ap^
13. Altar in southern apse.

14. Altar at tomb of William L
15. Archbishop's throne.

WJ, 16. Seats for clergy.

17. Door to great cloister.

18. Door to chapter house.
19. Door to sacristy.

20, 20. Doors to royal palace.

9. Archbishop's throne. 21. Bronze door by Barisanoa.

10 10. Sanctuary screen. ?2. Bronze door by Bonannos.

1,1.
2.

4.

«, 6.

6,6.

7,7.

Stairs to towers, now altered.

Chapel under the south ambo.
Stairs to ambo.
Holy-water stoap.
"Pttlpitum." or choir-screai,

now destroyed.

Screens behind stalls now
destroyed.

Stalls, now destroyed
King's throne.

Archbishop's throne.

Sanctuary screen.

in all, which are •sumptuously decorated either by rich sur-

face carving or by bonds of patterns ' in gold, silver, and

colours, made of glass tesserae, arranged either spirally or

vertically from end to end of each shaft. The marble caps

are each richly carved with figures and foliage executed

with great skill and wonderful fertility of invention—^no

two being alike. At one angle, a square pUlared projection

contains tlie marble foimtam or monss lavatory, evidently

the work of Moslem sculptors.

The chief feature of the place—the church—like the main
cloister, is fortunately well preserved. In plan it is a

curious mixture of Eastern and Western arrangement (see

fig.). The nave is like an Italian basilica, while the large

triple-apsed choir is like one of the . early three-apsed

churches, of which so many examples still exist in Syria

and other Eastern cotmtries (see De Vogue, Syrie Cen-

trale). It is, in fact, like two quite different churches put

together endwise. The basiUcan nave is wide, with narrow
aisles. Monolithic columns of Oriental granite (except

one, which is of cipollino), evidently the spoils of older

buildings, on each side support eight pointed arches much
stilted. There is no t-iforium, but a high clerestory with
wide two-light •windows, .vith simple tracery like those in

the nave -aisles and throughout the church. The other

half, Eastern in two senses, is both •wider and higher than

the nave. It also is divided into a central space with two
aisles, each of the divisions ending at the east with an
apse. The roofs throughout" are of open woodwork very
low in pitch, constructionaUy plain, but richly decorated

with colour, now mostly restored. At the west end of

the nave are two projecting towers, with narthex-entrance

between them. A large open atrium, which once existed

at the west, is now completely destroyed. The outside of

the church is plain, except the aisle walls and three eastern

apses, which are decorated with intersecting pointed arches

and other ornaments inlaid in marble. The outsides of

the principal doorways and their pointed arches are magni-
ficently enriched with carving and inlay, a curious com-
bination of three stifles—Norman-French. Bvzantine. and
Arab.

It is, nowever, tlie enormous extent (80,(530 square feet)

and glittering splendour of the glass mosaics covering the

interior, which make this church so marvellously splendid

(see Mosaic). With the exception of a high dado, itself

very beautiful, made of marble slabs enriched with bands of

mosaic, the- whole interior surface of the walls, including

soffits and jambs of all the arches, is covered with minute

mosaic-pictures in brilliant colours on a gold ground. This

.gorgeous method of decoration takes the place of all purely

architectural detail, such as mouldings and panelling.

The mosaic covers even the edges of the arches and jambs,

-which are slightly rounded off, so as to allow them to be

covered by the glass tesserae. This device gives apparent

softness to all the edges, and greatly enhances the richness

of effect produced by the gleaming gold grounds. The
only carving inside is on the sculptured caps of the nave

arcade, mostly Corinthian in style. The mosaic pieturea

are arranged in tiers, divided by horizontal and vertical

bands of elaborate flowing mosaic ornament. In parts of

the choir there are five of these tiers of subjects or single

figures one above another. The half dome of the central

apse has a colossal half-length figure of Christ, with a

seated Virgin and Child below ; the other apses have full-

length colossal figures of St Peter and St PauL Inscrip-

tions on each picture explain the subject or saint repre-

sented ; these are in Latin, except some few which are

in Greek. The subjects are partly from the Old Testa-

ment types of Christ and TTia scheme of redemption, with

figures of those who prophesied and prepared for His

coming. Towards the east are subjects from the New
Testament, chiefly representing CSirist's miracles and suffer-

ing, -with apostles, evangelists, and other saints. The

design, execution, and choice of subjects all appear to be

of Byzantine origin, the subjects being selected from the

Menoloffiuin drawn up by the emperor Basilius Porphyro-

genitus in the 10th century.

No other mosaics perhaps so closely resemble the Mob-,
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rcale ones as those over the nave columns in the Church
of the Nativity at Bethlehem. They are alike, not only
in design and treatment, but also in the curious mixture
of Latin and Greek in the inscriptions (»ee De Voguii,

£glises de la Ttrre Sainte, 1860). This similarity is easily

accounted for by the fact that these two sets of mosaics,

though so far ajmrt, were executed about the same date
and under the same conditions, viz., by the hands of

Byzantine artists, working for Norman-French kings.

In the central apse at Monreale, behind the high altar,

is a fine marble tluone for the archbishop. This position

of the throne is. a survival of the early basilicau arrange-

ment, when tlie apse and altar were at the west end. In
that case the celebrant stood behind the altar at mass, and
looked ocer it eastwards towards the people. This posi-

tion of the throne was frequently reproduced in churches
which, like this, have the apse at the east. On the north
side, in front of the lygh altar, is another someA\hat
similar tluone for the use of the king. The tomb of

William L, the founder's father—a magnificent porphyry
Bareoi>hagU3 contemporary with the church, under a marble
pillared canopy—and the founder William IL's tomb,
erected in 1575, were both shattered by a fire, which in

1811 broke out in the choir, injm-ing some of the mosaics,

and destroying all the fine walnut ohoir-fittings, the organs,

and most of the choir roof. The tombs were rebuilt, and
the whole of the injured part of the church restored,

mostly very clumsily, a few years after the fire. On the

north of the choir are the tombs of Margaret, wife of

William L, and her two sons Roger and Henry, together

with an urn containing the viscera of St Louis of France,

who died in 1270. The pavement of the triple choir,

though much restored, is a vei-y magnificent specimen of

marble and porphjny mosaic in "opus Alexandrinum," with

signs of Arab influence in its main lines.

Two bronze doors, those on the north and west of the
church, are of great interest in the history of art. They
*re both divided into a number of square panels with sub-

jects and single figures, chiefly from Bible history, cast in

relief. Thaj; on the north is by Barisanos of Trani in

southern Italy, an artist probably of Greek origin. It is

inscribed baeisaxus teak, me fecit. The cathedrals at

Trani and Eavello also have bronze doors by the same
sculptor. The western door at Monreale, infarior to the

northern one both Ln richness of design and in workmanship,
is by Bonannus of Pisa, for the cathedral of which place

he cast the still existing bronze door on the south, opposite

the leaning tower. The one at Monreale is inscribed a.d.

liCLXXXXl IND. m. BONANiros CIVIS PBANVB ME FECIT.

It is superior in execution to the Pisan one. The door by
Barisanos. is probably of about the same time, as other

examples of his work with inscribed dates show that he
was a contemporary of Bonannus. (See Metal-woek.)
ITie monastic library contains some valuable MSS., especi-

ally a number of bilingual documents in Greek and Arable,

the earliest being dated 1144. The archbishop now occu-

pies the eastern part of the monastic buildings, the original

palace being destroyed.

6ee Serradifako, Duamo di ifonreale, &c., 183S ; Gravina, iJaomo
S» Monreale, the best uork on the subject, 1859 tq. ; Testa, Vita
iel Be Ougliehno II., 1755 ; Tarallo, / Bcali Scpvlcri di Mon-
reale, 1826; Hittorf et Zanth, Architecture de la Sidle, 1835;
Gaily Knight, Saracenic and Norman Scmains in Sicilij, Lomlon,
1840 ; W. Burges, Notes on Mediaval Mosaic, 1863 ; M. D. Wyatt,
Vosaics of Middle Ages, London, 1849 ; Hessemer, Aralische und
Alt-Italieniiche Ban-Versierungen, 1853 ; Garrucci, Artr Crisliana,
*882. (J. H. M.)

MONROE, James (1758-1831), fifth president of the

Onited States, was bom 28th April 1758, in the county
of Westmoreland, Virginia. According to the family

tradition, their ancestors are traced back to a family of

Scottish cavaliers descended from Hector Jlonroe, an officer

of Charles L At the outbreak of the Revolutionary war,

James Monroe was a student at the College of William and
Mary, but left his studies in 1776 to join the continental

army. He took part as lieutenant in the New Jersey

campaign of that year, and was wounded at the battle of

Trenton. The next year he served with the rank of captain

on the staff of General WilliamAlexander ('"Lord Stirling"),

but, thus being out of the line of promotion, he soon found

himself without military employment. In 1780 he began

the study of the law under the direction of Jefferson, then

governor of Virginia. His intimacy with Jefferson at this

time had probably a controlling influence upon his subse-

quent political career. He continued through all%-icissitudes

to possess the friendship and support of both Jefferson and

Madison.

In 1782 Monroo "was in the State legislature, and from

1783 to 1786 was a member of Congress. On retiring

from Congress he entered upon the practice of the law at

Fredericksburg, and was again elected to the legislature.

In the Virginia convention of _1788 for the ratification of

the constitution, he was among the opponents of that

instrument ; but his course was approved by the legisla-

ture of his Stfte, who elected him United States senator

in 1790 to fUl the vacancy caused by the death of William

Grayson. As senator he was a decided opponent of the

Federalist administratiorL Nevertheless he was selected

by Washington in 1794 as minister to France in pla,ce of

Gouverneur Morris, a Federalist, recalled upon the request

of the French Government. Being of the party who sym-

pathized with the revolutionary straggle in France, it was
expected that his appointment would be flattering to the

Government of that country, and would also conciliate the

French party at home. The Government of the National Con-

vention received Monroe with open signs of favour, and on
his part he expressed his own and his country's sympathy

with the French Republic with so much enthusiasm' that

Washington deemed his language' not in keeping with the

neutral policy which the administration had recently pro-

claimed. At about the same time John Jay had negotiated

a treaty of amity and commerce with England which gaia

great umbrage to France. It was alleged that the earlier

treaty of 1778 with France was violated by the stipulations

of the Jay ti'eaty ; and the Directory seemed disposed to

make of this a casus- belli. In this emergency it was

believed by Washington and his advisers that Monroe

failed to represent properly the policy of the Government,

and he was therefore recalled in 1796. In justification of

his diplomatic conduct, he published the next year his

View, a pamphlet of 600 pages. In 1799 he became

governor of Virginia, and was twice re-elected. In the

meantime the Republican party had come into power, with

Jefferson as president, and Monroe was again called upon

to fill an important diplomatic statioa He was com-

missioned on 10th January 1803 to act with Livingston,

resident minister at Paris, in negotiating the purchase of

New Orleans and the territory embracing the mouth of

the Mississippi, which formed a part of the i^rovince of

Louisiana, recently ceded by Spain to France. In view of

the anticipated renewal of hostilities between England and

France in 1803, Napoleon was anxious, for a consideration,

to pajl; with his new acquisition, which in the event of a

war with England he would probably lose by conquest.

The American commissioners met therefore with littlu

difficulty in the accomplishment of their object. But, in

the absence of instructions, they assumed the responsibility

of negotiating the purchase not only of Now Orleans but

of the entire territory of Louisiana—an event that is hardly

second in importance to any in the history of the country.

Monroe was next commissioned as minister to England,!
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to succeed Rufus King, who had resigned. In 1804 he
undertook a mission to Madrid, with the object of

negotiating the purchase of the Floridas ; but in this he
was unsuccessful, and returned to London in 1805. The
next year he was joined in a commission with William

Piakney to negotiate a treaty with England to take the

place of the Jay treaty, ,which expired in that year.

Lords Auckland and Howick having been appointed on the

part of England, a treaty was concluded on the last day
of the year, which was peirhaps more favourable to the

United States than the Jay treaty ; but, like the latter, it

contained no provision against the impressment of Ameri-

can- seamen. For this reason President Jefferson refused

to submit it to the Senate for ratification, but sent it back

for revision. In the meantime Canning had become
foreign secretary in place of F02:, and refused to re-

open the negotiation. Monroe returned to the United
States in 1807, and, as in the case of his first French
mission, he drew up a defence of his diplomatic conduct

in England. In 1808 certain disaffected Republicans

attempted to put Monroe forward as the candidate for the

presidency, but as Virginia declared in favour of Madison
Monroe withdrew his name. In 1810 he was again in

the legislature of his native State, and the next year its

governor. But in this year he was called from the state

to the national councils, superseding Robert Smith as

secretary of state in Madison's cabinet, and took an
active part in precipitating the war against England in

1812. On the retirement of Armstrong, after the capture

of Washington in 1814, Monroe assumed the duties of the

war department in addition to those of the state depart-

ment, and by his energy and decision infused something

of vigour into the conduct of the war. He was elected

president in 1816, and was re-elected in 1820 without

opposition. The period of his administration (1817-25j

has been called "the era of good feeling," for the reason

that the party issues of the past were mostly dead, and
new issues had not yet arisen. In the formation of

his cabinet Monroe showed the soundness of his judg-

ment, selecting for the leading positions J. Q. Adams,
J C. Calhoun, W. H. Crawford, and William Wirt. With
these able advisers he devoted himself to the economic

development of the country, which had been so long

retarded by foreign .complications. As president, more-

over, he was able to accomplish in 1819 the acquisi-

tion of the Floridas, which as minister to Spain he had
failed to do in 1804, and to define the boundary of Louis-

iana, which he had been the agent in purchasing in 1 803.

But Monroe is best known to later generations Sis the

author of the so-called " Monroe doctrine," a declaration

inserted in his seventh annual message, 2d December 1823.

It was the formulation of the sentiment, then beginning

to prevail, that America was for Americans. One of the

principles of the neutral policy of the country, which had
been established with much difficulty, had been that the

United States would not interfere in European politics

;

and now this policy was held to include the converse as a

necessary corollary—that is, that Europe should not inter-

fere in American politics,whether in North America or South
America. The occasion of proclaiming this doctrine was
the rumoured intervention of the Holy Alliance to aid Spain

in the reconquest of her American colonies. President

Monroe believed that such a policy entered upon by the

allied continental powers of Europe would be dangerous

to the peace and saiety of the United States ; he therefore

declared that "we would not view any intervention for

the purpose of oppressing them (the Spanish American

states) or controlling in any manner their destiny, by any
European power, in any other Light than as the manifesta-

tion of an unfriendly disposition towards the United

States." This declaration, together with the knovm hos-

tillty of England to such a project, was sufficient to prevent
further action on the part of the Alliance.

On the expiration of his presidential term Monroe re-

tired to Oak Hill, his residence in London county, Vir-
ginia ; but at the time of his d^th, 4th July 1831, he wa8
residing in New York. He was married about 1786, and
left two daughters. He was a man of spotless character

;

and, though not possessing ability of tie first order, he
ranks high as a wise and prudent statesman. His Life
has been written by D. C. Oilman. (r. SN.)

MONROE, a city of the United States, county seat of
Monroe county, Michigan, lies 32 miles south-south-west
of Detroit, on both banks of the Raisin river, 3 miles
inland from Lake Erie, with which it has been connected
by a ship-canal since 1843. It is a station on the Canada
Southern, the Flint and Pfere Marquette, and the Detroit
division of the Lake Shore and Michigan Southern Rail-

ways. Agricultural implement factories, a spoke and hub
factory, foundries and. engineering-works, carriage-works,
grist-mills, paper-mills, and fruit-drying establishments are
in operation. From 400 to 500 tons of grapes are shipped
yearly from the neighbouring vineyards, and over 100,000
gallons of wine are made here. The population in 1880
was 4928. Settled as Frenchtown by a body of Canadians
in 1784, Monroe received its present name-, in honour of

President Monroe, in 1817. Its city charter dates from
1837. It was the scene af the battle of the river Raisin,

22d January 1813.

MONROVIA. See Liberia, vol. xiv. p. 508.

MONS, a town of Belgium, the capital of the province

of Hainault, on the rivers Haine and Trouille, and 31
miles south-west of Brussels. The population in 1880 was
25,600. Mons is divided by the river Trouille into an
upper and lower tovra, the first built on rising ground ia

the shape of an amphitheatre, the second extending into the

plain ; four bridges connect the two. The place is pleasing

and cheerful of aspect, having broad weU-paved streets

and handsome squares. The fortifications, once among the

strongest of the Continent, have quite recently been razed,

their site being now occupied by an extensive avenue or

boulevard. Among the monuments worthy of mention
are—the church of St Waudru, one of the best types of

original architecture to be found in Belgium ; the church

of St Elizabeth, a combination of the Gothic style and
the Corinthian; the town-hall, erected in 1458; and the

belfry tower, next to which formerly rose the old castle

of the counts of Hainault, the demolition of which led,

a few years ago, to the discovery of some curious mural
paintings belonging to the 12th century. Mons possesses

a military arsenal, a school of engineering, and a public

library of importance ; the administration of law and
government for the province is concentrated there. It

contains manufactures of cotton, velvet, cloth, musUn,
soap, and clay pipes ; also brass-foundries, tan-yards, and
breweries, and a market of some note for agricultural

produce, cattle, horses, and tobacco. The main source of

the wealth and prosperity of Mons is derived from the

collieries which exist in its vicinity, and yield annually

between two and three million tons of first-class coal, the

greater part of which is carried into France ; in the imme-
diate neighbourhood of the town are the large and important

villages of Jemmapes, Quaregnon, Frameries, Paturages,

Wasmes, and Dour, each with a population of from ten to

twelve thousand inhabitants; these localities, together with

many others somewhat less peopled, form an agglomeration

called the Borinage, rich in coal-mines, in iron-foundries, in

stone and marble quarries, and may be considered as one

of the busiest centres in the world.

Mons is built on the site of a Koman camp erected by JnliilB
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Cssar, and afterwards occupied by a brother of Cicero, who was

besieged there by Ambiorix, chief of the Eburones. In the 8th ccq-

tnry a lady of the name of Waudru or Waltrud, countess of llain-

anlt, founded a convent, which became the centre of the town. In

804 Charlemagne made it the capital of the county of Hainault ; it

was fortified in 1148. Baldmn VI., afterwards Latin emperor of

Constantinople, was very active in promoting the interests of lions,

and endowed it with a celebrated charter in the year 1200. After

being reduced by nearly one half by the plague, ilons received

within its walls the Jews whom Philip the Long had expelled from

France. The city attained its highest degree of prosperity under

Charles V^, but its greatness was arrested during the government

of the duke of AJva by civic disturbances, which lasted until the

reign of Albert and Isabella. In more recent times Mons has had

to pay tribute to the warlike spirit of its neighbours ; it was taken

by Louis XIV. in 1691, given back in 1697, and retaken in 1701 and

again in 1709. In 1748 it fell into the hands of Austria ; the Belgian

insurgents stormed it in 1789 ; the French in 1792, when Dumouriez

won the battle of Jemmapes under its wails ; in 1814 it belonged

to the Netherlands, and Las formed part of the Belgian kingdom

sij'ce 1830.

MONSOON. See Meteorology, supra, p. 148 sg., and

Indian Ocean.
MONSTER. Monsters or monstrous births are the sub-

ject of Animal Teratoiogy, a department of morphological

science treating of deviations from the normal development

of the embryo. The term "embryo" is conventionally

limited, in human anatomy, to the ovum in the first three

months of its intra-uterine existence, while it is still develop-

ing or acquiring the rudiments of its form, the term

"foetus" being applied to it in the subsequent months dirring

which the organism grows on the lines of development

already laid down. It is mostly in the first or embryonic

period that those deviations from the normal occur which

present themselves as monstrosities at the time of birth
;

these early traces of deviation within the embryo may be

slight, but they " grow with its growth and strengthen with

its strength," until they amount to irreparable defects or

accretions, often incompatible with extra-uterine life. The

name of " teratology," introduced by litienne Geofi"roy St-

Hilaire (1822), is derived from Ttpas, the equivalent of

inonslrum ; teratology is a term new enough to have none

but scientific associations, while the Latin word has a long

record of superstitions identified with it. The myths of

siren, satyr, Janus, cyclops„ and the 'like, with the cor-

responding figures in Northern mythology, find a remote

anatomical basis in monstrosities which have, for the most

part, no life except in the foetal state. The mythology of

giants and dwarfs is, of course, better founded. The tenu

monster was originally used in the same sense as portent

:

Cicero(Z'e Div., i.) says, "JfoTistra, ostenta, jx>i-tenta,j>rodi(/i<x

appellantur, guoniam monsirant, ostendunt, 2^orteiidunt, et

prsdicunt." Luther ^ speaks of the birth of a monstrous

calf, evidently the subject of contemporary talk, as pointing

to some great impending change, and he expresses the hope

that the catastrophe might be the Last Day itself. The
rise of more scientific views will be sketched at. the close

of the article.

Although monstrosities, both in the human species and

in other animals, tend to repeat certain definite types of

erroneous development, they do not fall readily into classes.

It is remarked by Vrolik that a scientific classification is

impracticable from being too cumbrous, and that a con-

venient grouping is all that need be attempted. The
most usual grouping (originally suggested by BufTon, 1800)

is into monstra per excesswii, moiuitra per dej'eclum, and
monstra per fabricaiii alienam. It seems useful, however,

to place the more simple cases of excess and of defect side

by side; and it is necessary, above all, to separate the

double monsters from the single, the theory of the former

being a distinct chapter iii teratology.

' lu a passage quoted by BisclioIT from llic 19tli volume of LutliciV

•woiks, ilalle ed., p. 241C.

I. Jfmistrosities in a Singh Bodj/.—The abnormality

may extend to the body throughout, as in well-proportioned

giants and dwarfs ; ot it may affect a certain region or

member, as—to take the siraplest case—when there is a

finger or too too many or too few. It is very common
for one malformation to be correlated with several others,

as in the extreme case of acardiac monsters, in which the

non-development of the heart is associated 'with the non-

development of the head, and with other radical defects.

GiaTils are conventionally limited to persons over 7

feet in height. The normal proportions of the frame

are adhered to more or less closely, except in the skull,

which is relatively small ; but accurate measurements,

even in the best-proportioned cases, prove, when reduced

to a scale, that other parts besides the skull, notably

the thigh-bone and the foot, may be undersized though

overgrown.^ In persoiw wlio are merely very tall, the great

stature depends often on the inordinate length of the lower

limbs ; but in persons over 7 feet the lower limbs are not

nmrkedly disproportionate. In many cases the muscles

and viscera are not sufficient for the overgi'own frame, and

the individuals are usually, but not always, of feeble

intelligence and languid disposition, and short-lived.

The brain-case especially is undersized—the Irish giant

in the museum of Trinity College, Dublin, is the single

exception to this rule—but the bones of the face, and

especially the lower jaw, are on a large scale. Giants

are never born of gigantic parents ; in fact, sterility

tisually goes with this monstrosity. ' Their size is some-

times excessive at birth, but more often the indications of

great stature do not appear till later, it may be as late as

the ninth year; they attain their full height before the

twenty-first year. They have been more frequently male

than female; the German giantess lately exhibited (1882)

was as tall as any authentic case in the male sex.

Dwarfs are conventionally limited to persons under 4

feet. They are more likely than giants to have the modu-
lus of the body perfect. " In the true dwarf, as far as I

have been able to ascertain, the proportions between the

several parts of the frame axo good, corresponding, or

nearly corresponding, with those of the normal adult ; and

the diminutive stature depends, accordingly, not u^xiu re-

latively imperfect growth of any particular segments, or

even upon the permanence of a fcetal or childlike con-

dition, but upon the whole frame being undersized"

(Humphry). ^^^lere disproportion occurs in the true

dwarf it takes the form of a large-sized head, broad

shoulders and capacious chest, and undersized lower limbs.

Dwarfs with rickets are perhaps to be distinguished from

true dwarfs ; these are cases in which the spine is curved,

and sometimes the bones of the limbs bent and the

pelvis deformed. As in the case of giants, dwarfs arc

seldom the progeny of dwarfs, who are, in fact, usually

sterile; the unnatui-al smallness may be obvious at birth,

but is more likely to make itself manifest in the years of

growth. Dwarfs are much more easily brought up than

giants, and are stronger and longer-lived ; they have

usually also strong passions and acute intelligence. The
legends of the dwarfs and giants are on the whole well

based on fact (see Dwarf and Giant).

Rcdiindiincy and Dijeit in Siwjle Parts.—The simplest

case of this redundancy is a sixth digit, well formed, and

l)rovidcd with muscles (of tendons), nerves, and blood

vessels like the otiieis ; it is usually a repetition of the little

finger or toe, and it may be iireseut on one or both hands,

or on one or both feet, or in all four extremities, as in tha

giant of Gath. The want of one, two, or more digits on

hand or foot, or on both, is another simple anomaly ; an4'

• St-e llic tallies u» U uiiijiliry's Trotttse on the Jliiiii'^ti Sf^i'It't'* .109;
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like the redundancy, it is apt te repeat itself in the

same family. Meckel saw a girl who had an extra digit

on each extremity, while a sister wanted four of the fingers

of one hand. Where the supernumerary digits are more

than one on each extremity, the whole set are apt to be

rudimentary or stunted ; they look as if two or more of the

embryonic buds had been subject to cleavage down the

middle, and to arrest of longitudinal growth. There are

two or three authentic instances of a whole lower limb ap-

pearing at birth as two withered halves, as if from embry-

onic cleavage.* Other redundancies of the skeleton are

extra vertebrae (sometimes the coccygeal, giving the ap-

pearance of a rudimentary tail), or an extra rib. A
double row of teeth is occasionally met with ; the most

interesting case of this anomaly is that in which the

rudiments of a double row exist from the first, but the

phenomenon is sometimes produced by the milk teeth

persisting along with the second set. One or more extra

teeth are occasionally met with in line with the rest.

Among redundancies of the soft parts, by far tha most

frequent is an extra nipple, or pair of nipples. It is only

the nipple, or the most external mechanical adjunct of the

mammary apparatus, that is repeated, and very seldom, if

ever, the breast structure itself. The nipple, although it is

the latest addition to the mechanism of lactation, is in the

individual mammal developed on the skin before the gland

is formed imderneath ; and that facility, which appUes to

the development of external characters generally, appears

to be the reason why there may be one or more extra

nipples but no redundant gland. In the same connexion,

it is interesting to observe that the supernumerary nipple

has been shown by statistics on a large scale to be twice as

common in men as in women, although in the male the

mammary function never comes to maturity, and even the

structure retrogrades after puberty. Traces of an additional

nipple, or pair of them, in more or less symmetrical position

below the normal ones, are not very uncommon when care-

fully looked for. Among the sense organs there is a
remarkable instance recorded of doubling of the appendages
of the left eye, but not of the eyeball itself ; the left half

of the frontal bone is double, making two eye-sockets on
that side, and the extra orbit has an eyebrow and eyelid.*

The external ear (pinna) has also been found double on one
side. Doubling of any of the internal organs is extremely
rare, and is probably always traceable to a more or less

complete Assuring or lobation. The ducts or vessels con-

nected with organs, and playing a purely mechanical part,

are not unfrequently doubled ; thus each kidney may have
two ureters, and a similar variation may occur in veins

and arteries.

Monstrositiesfrom Defective Closure in the Middle Line.—
Under this head come some of the commonest congenital

malformations, including slight deficiencies such as harelip,

and serious defects such as a gap in the crown of the

head with absence of the brain. The embryo is originally

a circular flattened disc spread out on one pole of the yolk,

and it isformed into a cylindrical body (with four appendages)

by the free margins of the disc, or rather its ventral laminae,

folding inwards to meet in the middle line and so close in

the pelvic, abdominal, thoracic, pharyngeal, and oral cavities.

Meanwhile, and indeed rather earlier, two longitudinal

parallel ridges on the top or along the back of the disc

have grown up and united in the middle line to foi-m the

second barrel of the body—the neural canal—of small and
uniform width in the lower three-fourths or spinal region,

but expanding into* wide chamber for the brain. This
division into neural (dorsal) and haemal (ventral) canals

' See Forater's Alias, Taf. viii. , figs. 13 and 14.

' See preparation in tbe Wilrzbiii:^ Mttseum, figured by FSrater, Taf.

vifi., figs. 9-12.

underlies all vertebrate development. Imperfect closure

along either of those embryonic lines of junction may pro-

duce various degrees of monstrosity. The simplest and
commonest form, hardly to be reckoned in the present cate-

gory, is^ harelip virith or without cleft palate, which results

from defective closure of the ventral laminae at their extreme

upper end. Another simple form, but of much more serious

import, is a gap left in the neural canal at its lower end
;

visually the arches of the lumbar vertebrae are deficient,

and the fluid that suirounds the spinal cord bulges out in

its membranes, producing a soft tumour imder the skin at

the lower part of the back. This is the condit-on known
as hydrorhachis, depending on the osseous defect iuown as

spina bifida. Children bom with this defect are difficult

to rear, and are very likely to die in a few days or weeks.

More rarely the gap in the arches of the vertebraa is in the

region of the neck. If it extend aU a,long the back, it will

probably involve the skull also. Deficiency of the crown
of the head, and in the spine as m ell, may be not always
traceable to want of formative pov er to close the canal in

the middle line ; an over-distended condition of the central

water-canal and wate'r-spaces of the cord and brain may
prevent the closure of the bones, and ultimately lead to

the disruption of the nervous organs themselves ; and
injuries to the mother, with inflammation set up in the

foetus and its appendages, may be the more remote cause.

But it is by defect in the middle Une that the mischief

manifests itself, and it is in that anatomical category that

the malformations iire included. The osseous deficiency

at the crown of the head is usually accompanied by want
of the scalp, as well as of the brain and membranes. The
bones of the face may be well developed and the features

regular, except that the eyeballs bulge forward under the

closed lids ; but there is an abrupt horizontal line above
the orbits where the bones cease, the skin of the brow
joining on to a spohgy kind of tissue that occupies the

sides and floor of the cranium. This is the commonest
form of an anencepkalovs or brainless monster. There are

generally mere traces of the brain, although. In some rare

and curious Instances, the hemispheres are developed in

an exposed position on the back of the neck. The cranial

nerves are usually perfect, with the exception sometimes

of the optic (and retina). Vegetative existence Is not im-

possible, and a brainless monster has been known to

survlva sixty-five days. The child is usually a very large

one.

Closely aUied, as we have seen, to the anencephalous
condition is the condition of congenital hydrocephalus.

The nervotis system at its beginning is a neural canal, not

only as regards its bony covering, but in its interior ; a
wide space lined by ciliated epithelium and filled with
water extends along the axis of the spinal cord, and
expands Into a series of water-chambers in the brain. As
development proceeds, the walls thicken at the expense of

the internal water-spaces, the original tubular or chambered
plan of the central nervous system is departed from, and
those organs assume the practically solid form in which
we familiarly know them. If, however, the water-spaces

persist in their embryonic proportions notwithstanding
the thickening of the nervous substance forming their

waUs, there results an enormous brain which is more than
half occupied inside with water, contained in spaces that

correspond on the whole to the ventricles of the brain

as normally bounded. A hydrocephalic fcetus may sui^

vive its birth, and wUl be more apt to be aflected in its

nutrition than in its intelligence. In many cases the

hydrocephalic condition does not come on till after the

child is bom. The microcephalous condition, where it is

not a part of cretinism, is not usuaHy a congenital defect

in the strict sense, but more often a consequence of thfi
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premature union of tke bones of the skull along their sutures

or lines of growth.

Returning to the ventral middle line, there may be

defects of closure below the lips and palate, as in the

breast-bone (fissure of the sternum), at the navel (the last

point to close m any case), and along the middle line of

the abdomen generally. The commonest point for a gap
in the middle line of the belly is at its lower part, an inch

or two above the pubes. At that point in the embryo
there issues the aUantois, a balloon-like expansion from
the ventral cavity, which carries on its outer surface

blood-vessels from the embryo to interdigitate with those

of the mother on the uterine surface. Having served its

temporary purpose of carrying the blood-vessels across a

space, the balloon-like allantois collapses, and rolls up into

the rounded stem-like umbilical cord through most of its

extent ; but a portion of the sac within the body of the

fcetus is retained as the permanent urinary bladder. That
economical adaptation of a portion of a vesicular organ,

originally formed for purposes of communication between
the embryo and the mother, appears to entail sometimes
a defect in the wall of the abdomen just above the pubes,

and a defect in the anterior wall of the bladder itself.

This is the distressing congenital condition of fissure of

the urinary bladder, in which its interior is exposed

through an opening in the skin ; the pubic bones are

separated by an interval, and the reproductive organs are

ill formed ; the urachus is wanting, and the umbilicus is

always placed exactly at the upper end of the gap in the

skin. A monstrosity recalling the cloacal arrangement
of the bird is met with 'as a more extreme defect in the

same parts.

Hermaphroditism,.—^Although this anomalous condition

does not fall imder defective closure in the middle line, it

may be said to be due to a similar failure of purpose, or to

an uj^ertainty in the nistis /orinatimis at a corresponding

stage of development. There is a point of time, falling

about the eighth week, up to which the embryo may de-

velop either the reproductive organs of the male or the

reproductive organs of the female ; in the vast majority of

cases'the future development and growth are carried out on
one line or the other, but in a small number there is an
ambiguous development leading to various degrees of

hermaphroditism or doubtful sex. The primary indecision,

so to speak, affects only the ovary or testis respectively,

or rather the common germinal ridge out of which either

may develop ; the uncertainty in this embryonic sexual

ridge sometimes leads actually to the formation of a pair

of ovaries and a pair of small testes, or to an ovary on one
side and a testis on the other ; but even when there is no
such double sex in the essential organs (as in the majority

of hermaphrodites) there is a great deal of doubling and
ambiguity entailed in the secqndary or external organs and
parts of generation. Those parts which are rudimentary or

obsolete in the male but highly developed in the female,

and those parts which are rudimentary in the female but
highly developed in the male tend in the hermaphrodite

to be developed equally, and aU of them badly. In

some cases the external organs of one sex go with the

internal organs of the opposite sos. It has been observed

that when-middle life is reached or passed the predominance
in features, voice, and disposition leans distinctly towards

the masculine side. The mythological or classical notions

of hermaphroditism,' like so much else in the traditions of

teratology, are exaggerated.

Cyclops, Siren, <tc.—The same feebleness of the forma-
tive energy (the Bildungstrieh of Blumenbach) which gives

rise to some at least of the cases of defective closure in

the middle line, and to the cases of undecided sex, leads also

to imperfect separation of symme'trical parts. The most

remarkable 'case of the kind is the cyclops monster. At
a point corresponding to the root of the nose there is

found a single orbital cavity, sometimes of small si^e and
with no eyeball in it, at other times of the usual size of

the orbit and containing an eyeball more or less complete.

In still other cases, which indicate the nature of the

anomaly, the orbital cavity extends for some distance on
each side of the middle line, and contains two eyeballs lying

close together. *rho usual nose is wanting, but above the

single orbital cavity there is often a nasal process on the

forehead, with which nasal bones may be articulated, and

,

cartilages joined to the latter ; these form the framework
of a short fleshy protuberance like a small proboscis.

The lower jaw is sometimes wanting in cyclopeans j the

cheek-bones are apt to be small, and the mouth a small

round hole, or altogether absent ; the rest of the body may
be well developed. The key to the cyclopean condition

is found in the state of the brain. The olfactory nerves

or lobes are usually described as absent, although Vrolik

has found them in some instances ; the brain is very imper-

fectly divided into hemispheres, and appears as a somewhat
pear-shaped sac with thick walls, the longitudinal partition

of dura mater (falx cerebri) being wanting, the surface

almost unconvoluted, the corpus caUosum deficient, the

basal ganglia rudimentary or fused. The optic chiasma
and nerves are usually replaced by a single mesial nerve,

but sometimes the chiasma and pair of nerves are present
The origin of this monstrosity dates back to an early

period of development, to the time when the future

hemispheres were being formed as protrusions from the

anterior cerebral vesicle or fore-brain ; it may be conceived

that, instead of two distinct buds from that vesicle, there

was only a single outgrovrth with imperfect traces of cleav-

.age. That initial defect would carry with, it naturally the

imdivided state of the cerebrum, and with the latter there

would be the absence of olfactory lobes and of a nose, and
a single eyeball placed where the nose should have been.

A Cyclops has been known to live for several days. The
monstrosity is not uncommon among the domestic animals,

and is especially frequent in the pig. There is another

congenital malformation, in which an eyeball is wanting
from one of the sockets ; but in that case there is no defect

of development in the bones, and the brain and nose are

normal.

Another curious residt of defective separation of sym-
metrical parts is the siren form of fcetus, in which the
lower limbs occur as a single tapering prolongation of the
trunk like the hinder part of a dolphin, at the end of

which a foot (or both feet) may or may not be visible.

The defects in the bones underlying this siren form are

very various : in some cases there is only one limb (thigh

and leg-bones) in the middle line ; in others aii the bones
' of each limb are present in more or less rudimentary
condition, but adhering at prominent points of the ad-

jacent surfaces. The pelvis and pelvic viscera share in the

abnormality. A much more common and harmless case of

unseparated symmetrical parts is where the hand or foot

has two, three, or more digits fused together. This syn-

dactylous anomaly runs in families.

Limbs Absent or Stunted.—Allied to these fused or un-
separated states of the extremities, or of parts of them,
are the class of deformities in which whole Hmbs are

absent, or represented only by stumps. The trunk (and
head) may be well formed, and the individual healthy

;

all four extremities may be reduced to short stumps either

wanting hands and feet entirely, or with the latter fairly

well developed ; or the legs only may be rudimentary or

wanting, or the arms only, or one extremity only. Al-

though some of these cases doubtless depend upon aber-

rant or deficient formative power in the particular direc-
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tions, there are others of tliem referable to the effects of

mecLanical pressure, and even to direct amputation of

parts within the uterus.

Acardiac and Acranial Monsters.—It sometimes happens

in a twin pregnancy that one of the embryos fails to

develop a heart and a complete vascular system of its

own, depending for its nourishment upon blood derived

from the placenta of its well-formed twin by means of its

umbilical vessels. It grows into a more or less shapeless

mass, in which all traces of the human form may be lost.

Other viscera besides the heart will be wanting, and

no head distinguishable ; the most likely parts to keep

the line of development are the lumbar region (with the

kidneys), the pelvis, and the lower limbs. The twin of

this monster may be a healthy infant.

Reversed Position of the Viscera.—This is a develop-

mental error depending on the retention of the right aortic

arch as in birds, instead of the left as is usual in mammals.

The position of all the unsymmetrical viscera is transposed,

the spleen and cardiac end of the stomach going to the

right side, the liver to the left, the csecum resting on the

left iliac fossa, and the sigmoid flexure of the colon being

attached to the right. This condition of situs inversus

viscerum need cause no inconvenience ; and it will probably

remain undetected until the occasion should arise for a

physical diagnosis or post-mortem inspection. There are

numerous other anomalies in the development of the great

vessels. In the heart itself there may be an imperfect

septum ventriculorum, and there is more frequently a

patency of the foetal communication between the auricles,

permitting the venous blood to pass into the arterial

system, and producing the livid appearance of the face

known as cyanosis.

The causes of congenital anomalies are difficult to specify.

There is no doubt that, in some cases, they are present in

the sperm or germ of the parent ; the same anomalies

recur in several children of a family, and it has been
found possible, through a variation of the circumstances,

to trace the influence in some cases to the father alone,

and in other cases to the mother alone. The remarkable

thing in this parental influence is that the malformation

in the child may not have been manifested in the body of

either parent, or in the grandparents. More often the

malformation is acquired by the embryo and foetus in the

course of development and growth either through the

mother or in itself independently. Maternal impressions

during pregnancy have often been alleged as a cause, and
this causation has been discussed at great length by the

best authorities. The general opinion seems to be that it

is impossible to set aside the influence of subjective states

of the mother altogether. The doctrine of maternal impres-

sions has often been resorted to when any other explana-

tion was either difficult or inconvenient; thus, Hippocrates
is said to have saved the virtue of a woman who gave
birth to a black child by pointing out that there was a'

picture of a negro on the wall of her chamber. Injuries

to the mother during pregnancy have been imquestion-

ably the cause of certain malformations, especially of

congenital hydrocephalus. The embryo itselJE and its

membranes may become the subject of inflammations,

atrophies, hypertrophies, and the like; this causation,

to which Otto traced all malformations of the foetus, is

doubtless accountable for a good many of them. But a
very large residue of malformations- must still be referred

to no more definite cause than the erratic spontaneity of

the embryonic cells and ceU-groups. The nisus formativiis

of the fertilized ovum is always made subject to morpho-
logical laws, but, just as in extra-uterine life, there may
be deviations from the beaten track; and even a slight

deviation at an early stage will carry with it far-reaching

consequences. This is t)articn]arlT noticeable in doable

monsters.

2. Double Monsters.—Twins are the physiological analogy
of J<>:ible monsters, and some of the latter have £ome very

noar to being two separate individuals. Triple monsters

are too rare to dwell upon, but their analogy would be

triplets. The Siamese twins, who died in 1874 at the

age of sixty, were joined only by a thick fleshy ligament

from the lower end of the breast-bone (xiphoid cartilage),

having the common navel on its lower border ; the anatom-
ical examination showed, however, that a process of peri-

toneum extended through the ligament from one abdominal
cavity to the other, and that the blof-d-vessels of the two
livers were in free communication across the same bridge.

There are one or two cases on record in which such a liga-

ment has been cut at birth, one, at least, of the twins

surviving. From the most intelligible form of double
monstrosity, like the Siamese twins, there are aU grades

of fantastic fusion of two individuals into one down to

the truly marvellous condition of a small body or fragment
parasitic upon a well-grown infant,—the condition faiown
as fostus in fcetu. These monstrosities are deviations, not
from the usual kind of twin gestation, but from a certain

rarer physiological type of dual development. In by far the

majority of cases twins have -separate Uterine appendages,
and have probably been developed from distinct ova ; but
in a small proportion of (recorded) cases there is evidence,

in the placental and enclosing structures, that the twins
had been developed from two rudiments arising side by
side on a single blastoderm. It is to .the latter physiological

category that double monsters almost certainly belong

.

and theje is some direct embryological evidence for th j
opinion. Allen Thomson observed in the blastoderm of a

hen's egg at the sixteenth or eighteenth hour of incubat^n
two " primitive traces " or rudiments of the backbone form-

ing side by side ; and in a goose's egg incubated five days he
found on one blastoderm two embryos, each with the rudi-

ments of upper and lower extremities, crossing or cohering

in the region of the future neck, and with only one heart

between them. Somewhat similar observations had been
previously published (four cases in all) by Wolfi", Von Baer,

and Reichert. Malformations in the earliest stages of the

blastoderm have been more frequently observed of late,

especially in the ova of the pike ; and these point not so

much to a symmetrical doubling of the primitive trace as to

irregular budding from the margin of the germinal disc. In
any case, the perfect physiological type appears to be two
rudiments on one blastoderm, whose entirely separate de-

velopment produces twins (under their rarer circumstances),

whose nearly separate development produces such double
monsters as the Siamese twins, and whose less separate

development produces the various grotesque forms of two
individuals in one body. There can be no question of a

liieral fusion of two embryos ; either the individuality of

each was at no time complete, or, if there were two dis-

tinct primitive traces, the uni-axial type was approximately
reverted to in the process of development, as in the foana-

tion of the abdominal and thoracic viscera, limbs, pejvis, or

head. Double monsters are divided in the first instance

into those in which the doubling is symmetrical and equal

on the two sides, and those in which a small or fragment-

ary foetus is attached to or enclosed in a foetus of average
development,—the latter class being the so-called cases of
" parasitism."

Symmetrical Double Monsters are subdivided according

to the part or region of the body where the union or fusion

exists—head, thorax, umbilicus, or pelvis. One of tie

simplest cases is a Janus head upon a single body, or there

may be two pairs of arms with the two faces. Again, there

may be one head with two necks and two complete trunks
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and pairs of extremities. Two distinct heads (with more
or less of neck) may surmount a single trunk, broad at the
shoulders but with only one pair of arms. The fusion,

again, may be from the middle of the thorax downwards,
giving two heads and two pairs of shoulders and arms, but
only one trtmk and one pair of legs. In another variety,

the body may be double down to the waist, but the pelvis

and lower limbs single. The degree of union in the region

of the head, abdomen, or pelvis may be so slight as to permit
of -two distinct organs or sets of organs in the respective

cavities, or so great as to have the viscera in common ; and
there istardly ever an intermediate condition between those

extremes. Thus, in the Janus head there may be two
brains, or only one brain. The Siamese twins are an instance

of union at the umbilical region, with the viscera distinct

in every respect except a slight vascular anastomosis and
a common process of peritoneum ; but it is more usual for

union in that region to be more extensive, and to entail a
single set of abdominal and thoracic viscera. The pelvis

is one of the commonest regions for double monsters to

be joined at, and, as in the head and abdomen, the

junction may be slight or total. The Hungarian sisters

Helena and Judith (1701-1723) were joined at the sacrum,
but had the pelvic cavity and pelvic organs separate ; the

same condition obtained in the South Carolina negresses

Millie and Christina, known as the "two-headed nightin-

gale," and in the other recent case of the Bohemian sisters

Rosalie and Josepha. llore usually the union in the

pelvic region is complete, and produces the most fantastic

shapes of two trunks (each with head and arms) joining

below at various angles, and with three or fom: lower limbs

extending from the region of fiision, sometimes in a lateral

direction, sometimes downwards. A very cuHous kind of

double monster is produced by two- otherwise distinct

foetuses joining at the crown of the head and keeping the

axis of their bodies in a line. It is only in rare instances

that double monsters survive their birth, and the preserved

specimens of them are mostly of fcetal size.

Unequal Double Morutters, Fcetus in Foetu.—There are

some well-authenticated instances of this mest curious of

all anomalies. The most celebrated of these parasite-

bearing monsters was a Genoese, Lazarus Johannes Baptista

Colloredo, bom. in 1716, who was figured as a child by
Licetus, and again by Bartholinus at the age of twenty-

eight as a young man of average stature. The parasite

adhered to the lower end of his breast-bone, and was a
tolerably well-formed child, wanting only one leg; it

breathed, slept at intervals, and moved its body, but it

had no separate nutritive functions. . The parasite is more
apt to be a miniature acardiao and acephalous fragment,

as in the case of the one born6 in front of the- abdomen
of a Chinaman figured by I. Geoffroy St-Hilaire. Some-
times the parasite is contained in a pouch under the skin

of the abdominal wall, and in another class (of -which

there is a specimen in the Himterian Museum) it has

actually been included, by the closure of the ventral laminse,

within the abdominal cavity of the foetus,—a true fcetuS'

in foetu. Shapeless parasitic fragments containing masses

Df bone. Cartilage, and other tissue are found also in the

space behind the breast-bone (mediastinal teratoma)^ or

growing from the base of the skull and protruding through

the mouth (" epignathous teratoma," appearing to be seated

on the jaw), and, most frequently of all, attached to the

sacrum. These last pass by a most interesting transition

into common forms of conrgenitaJ sacral tumours (which

may be of enormous size), consisting mainly of one kind

of tissue having its physiological type in the curious gland-

like body (coccygeal gland) in which the middle sacral artery

eomes to an end. The congenital sacral tumours have a

tendency to become cystic, and they are probably related to

the more perfect congeLital C3st3 of tlie neck region, where

there is another minute glaud-like body of the same nature

as the coccygeal at the point of bifurcation of the common
carotid artery. Other tumours of the body, especially

certain of the sarcomatous class, may be regarded from
the point of view of monstra per exccsium ; but such cases

suggest not so much a question of aberrant development

within the blastoderm as of the indwelling spontaneity of

a single post-embryonic tissue ; and they fall to be con-

sidered more properly, along with tumours in general, in

the article Pathology (q.v.).

The scientific appreciation of monsters hardly began before the

18th century ; even so great a rationalist in surgical practice as

Ambroise Pare (1517-1590), although he was attracted as a scholar

in later life to the subject, did not advance in it materially beyond
the fantastic and credulous standpoint of Jthetime, which is exem-
plified in the elaborate treatise of Lycosthenes, Prodigiorum acoslfii-

tcrum chrofiicon, Basel, 1557. Throughout the 17th century fabulous

monsters continued to be described along with actual specimens

;

the embryological studies of Harvey (1651) were doubtless calculated

to help in the growth of rational opinion about monsters, though
Harvey himself mentions them orJy casually. The first systematic

discussion of them from a strictly objective or anatomical point of

view occurs in various writings of Haller from 1735 to 1753, and
the subject continued after that to engage a large amount of precise

and philosophical thought on the part of Caspar Friedrich Wolff
(1735-1794), who first stated the relation of monstrosities to em-
bryonic deviations in words that even now hardly require to ba

altered, and of^Blumenbach, Sommering, Autenrieth, Tiedemann,
and others. The engrossing interest of the subject in the early

part of the 19th centiu-y is shown by the fact that. J. F. Meckel's

Sandhuch dcr pathologischen Anatomie (1817) was largely occupied

with congenital malformations. Geoffroy St-Hilaire, the father,

gave them a prominent place in his Philosophic Anatomique (Paris,

1822), and his son Isidore made them the subject of a special and
very elaborate .treatise in 3 vols. (Paris, 1832-37), illustrated by a

small and inadequate atlas of plates. Monstrosities were at this

period a prominent part of all text-books of morbid anatomy. From
1840 to 1850 may be regarded as the period in which human tera-

tology reached its highest point ; in 1840-42 the special treatise of

Vrolii was published (2 vols., Amsterdam), containing an introduc-

tion on the normal development, and his sumptuous and incompar-
able atlas to the same followed in 1849; in 1841 Otto published at

Warsaw a description of 600 monsters with 30 folio plates ; and in

1842 the embryologist Bischotf contributed to Wagner's Handwiirt-

crbuch dcT Physiologic, voL i, an article on teratology as elucidated

by the best information on mammalian development. An article

by Allen Thomson in the London and Edinburgh Monthly Journal

of Medical Science, July 1844, followed by a critical survey in the
next number, is of the first importance for the theory of double
monsters, and it is one of the few notable English contributions to

animal teratologyapart from museum catalogues,—thegeneral article

in Todd'.3 Cyclopaedia ofAnatomy and Physiology having been ^vritte]l

by Vrolik, while the special subject of Hermaphroditism is treated

of in a long and learned article by J. Y. Simpson (reprinted in his

collected works). One of the latest important works on monstei-s

is that by Fdrster (Jena, 1861), Die Missbildungen des Menschcii
systemalisch dargedellt, with an atlas of 26 4to plates containing
524 figures (on a small scale), of which 162 were drawn from original

specimens, mostly in the Wiirzburg Museum ; this work has a very

freat variety of illustrations from all sources, and most copious
ibliographioal references. The newest treatise is Ahlfeld's Miss-

bildungen des Menachm (Leipsic, 1880-82), with an extensive atlas

of folio plates, as Comprehensive as Fbrster's and on a larger scale.

Monsters have of late been assigned a comparatively subordinate
position in pathological teaching, owing, doubtless, to the more im-
mediate interest of microscopicand experimental pathology. Among
recent pathological text-books that of Perls (Stuttgart, 1877-79(
may be named as containing an adequate treatnient ol the subject.

The two most considerable contributors to teratology recently have
been Panum (Berlin, 1860), and Dareste (Paris, 1877), both of whom
have occupied themselves mainly with producing monstrosities arti-

ficially in the bird'stegg by varying the temperature in the hati hing
oven. See also L. Gerlach, Die Entstehunasweise dcr Doppclvnssbxl-
dungen hei den hoheren Wirbelthifrrn. Stuttgart, 1883. (C. C.)

MONSTRELET, Engueeraot de [ob. USS) (who,
rather owing to accident than to merit, held, until within
the present century, the same position as chronicler of

French affairs during the early part of the 15th century
as Froiss^ deservedly holds with regard to the last half

of the Hth), was bom at an uncertain date, apparently
not lator than 1400, and died in July 1453. He was of
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a noble family in the district of Boulogne. He held in

1436, and later, the oSice of lieutenant-gavenier (receiver

of the gave, a kind of church rate) in the city of Cambray,

and seems to have usually resided there. Besides this he

was for some time bailiff of the chapter of that city, and

later provost. He was married, and left children. But

this almost exhausts the amount of our knowledge respect-

ing him, except that li was present, not at the capture of

the Maid of Orleans, but at her siibsequent interview with

the duke of Burgundy. As a subject, of this latter prince

he naturally takes the Burgundian side in his history, which

extends in the genuine part of it to two books, and covers

the period from 1400 to 1444. At this time, as another

chronicler Matthieu de Coucy informs us, llonstrelet ceased

writing. But, according to a habit by no means uncommon
in the Middle Ages, a clumsy sequel, extending to a period

long subsequent to his death, was formed out of various

other chronicles and tacked on to his work. The genuine

part of this, dealing with the last half of the Hundred Years

War, is valuable because it contains a large number of

documents which are certainly, and reported speeches which
are probably, authentic. It has, however, little colour or

narrative merit, is dully, though clearly enough, written,

and is strongly tinged with the pedantry of its century,

—

the most pedantic in FreWh history. The best edition is

that published for the Soci6t6 de I'Histoire de France by
M. Douet d'Arcq in 1856.

MONTAGU, Lady Maey Woetley (1690-1762), one
of the most brilliant letter-writers of the 18th century, was
the eldest daughter of Evelyn Pierrepont, duke of Kingston,

and Lady Mary Fielding, daughter of the earl of Denbigh.
Her near telationship with Fielding the novelist is worth
remarking. She was born at Thoresby in Nottingham-
shire in 1690. Her mother died when she was a child,

and by some chance she received or gave herself an un-
'usuaily wide literary education, had the run of her father's

library, was encouraged in her studies by Bishop Burnet,

and while still a girl translated the ^Enchiridicm, of Epic-

tetus. After a courtship in which she showed a singular

power of thinking for herself, she was married in 1712,
against her father's wish, to Mr. E. Wortley Montagu,
an accomplished and scholarly friend of the Queen Anne
wits. At the new court of George L her beauty and
wit brought her much homage ; Pope was among her

most devoted worshippers, and she even gained and kept

the friendship of the great duchess of MarlborougL Her
husband being appointed ambassador to the Porte in

1716, She accompanied him to Constantinople, and wrote

to her friends at home brilliant descriptions of Eastern life

and scenery. These letters were not published till 1763,

the year after her death ; but, copies being handed about

in fashionable circles, their lively, witty style, graphic

pictures of unfamiliar life, and shrewd and daring judg-

ments gave the writer instant celebrity. Li one of them
she described the practice of inoculation for the smallpox,

and announced her intention of trying it on her own son,

and of introducing it in spite of the doctors into England.

The most memorable incident in her life after her return

from the East was her quarrel with Pope, caused, accord-

ing to her account, by her laughing at him when he made
love to her in earnest. He satirized her under the name
of Sappho, and she teased him with superior ingenuity

and hardly inferior wit From 1739 to 1761 Lady Mary
lived abroad, apart from her husband, maintaining an
affectionate correspondence with her daughter Lady Bute,

in which she set forth views of life largely coloured by
the asceticism of her master Epictetus, and wearing an
appearance of oddity and eccentricity from their contrast

with conventional thought. The charactef tf' coldness'

and unwomanlinees whiofc Pope contrived to fcs.oo on his

enemy was far from being deserved ; her letters show her
to have been a very warm-hearted wcnnan, though on
principle she turned the hard side to the world: She
died 21st August 1762. The best edition of her works is

that «»f 1861, with a memoir by Moy Thomas.
MONTAIGNE, Michel de (1533-1592), essayist, was

born, as he himself tells us, between eleven o'clock and noon
on 28th February 1533. The patronymic of the Montaigne
family, who derived their title from the chateau at which
the essayist was born and which had been bought by his
grandfather, was Eyquem. It was believed to be of Eng-
lish origin, and the long tenure of Gascony and Guienne by
the English certainly provided abundant opportunity for the
introduction of English colonists. But the elaborate re-

searches of M. Malvezin have proved the existence of a
family of Eyquems or Ayquems before the. marriage of

Eleanor of Aquitaine to Henry II. of England, though
no connexion between this family, who were Sieurs de
Lesparre, and the essayist's ancestors can be made out.

Montaigne is not far from Bordeaux, and in Montaigne's
time was in the province of Perigord. It is now in

the arrondissement of Bergerac and the department ot

Dordogne. The Eyquem family had for some time been
connected with Bordeaux. Indeed, though they possessed

more than one estate in the district, they were of doubt-
ful and certainly very recent nobility. Pierre Eyquem,
Montaigne's father, had been engaged in commerce (a

herring-merchant Scaliger calls him), had filled many
municipal offices in Bordeaux, and had served under
Francis I. in Italy as a soldier. The essayist was not
the eldest son, but the third. By the death of his

elder brothers, however, he became head of the family.

He had also six younger brothers and sisters. His father

appears, Eke many other men of the time, to have made
a hobby of education. Michel was not a strong boy,

indeed he was all his life a valetudinarian, and this may
have especially prompted his father to take pains with

him. At a time when the rod was the universal instru-

ment il of 'teaching it was almost entfrely spared to

Montaigne. He was, according to the French fashion

common at all times, put out to nurse with a peasant

woman. " But Pierre Eyquem added to this the unusual

fancy of choosing his son's sponsors from the same class,

and of accustoming him to associate with it. He was
taught Latin orally by servants who could speak no French,

and many curious fancies were tried on him, as, for

instance, that of waking him every morning by soft music.

But he was by no means allowed to be idle. A plan of

teaching him Greek, still more out of the common way
than his Latin course, by some kind of mechanical

arrangement, is not very intelligible, and was quite un-

successful. These details of his education (which, like

most else that is known about him, come from his own
mouth) are not only interesting in themselves, but remind

the reader how, not far from the same time, the other

greatest writer of French during the Renaissance was also

exercising himself, though not being exercised, in plans of

education almost as fantastic. At six years old (for the

father's reforming views in education do not seem to have
disgusted him' with the extremely early age at which it

was then usual to begin school training) Montaigne was
sent to the College "de Guienne at Bordeaux, then at the

height of its reputation, having more than double the

number of scholars (two thousand) that even the largest

English public school has usually boasted. Among its

masters were Buchanan, afterwards the teacher of James
I., and Muretus, one of the first scholars of the age. These,

with their colleague Gu6rente, composed Latin plays for

UieL' pupils to act, and are held to have given no email

iji^oke to the production of the classical French tragedy
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of the PMiade. Montaigne remained at school seven years,

and, like almost all Frenchmen of all times, retained no

pleasant or complimentary memory of it. At thirteen he

left the College de Guienne and began to study law, it is

not known wnere, but probably at Toulouse, the most

famous university, despite its religious intolerance, of the

south of France. Of his youth, early manhood, and middle

life extremely little Ls known. Allusions to it in the

£ssai/s are frequent enough, but they are rarely precise.

In 1548 he was at Bordeaux during one of the frequent

riots causedby the gabelle, or salt tax. Six years afterwards,

having attained his majority, he was made a coimsellor in

the Bordeaux parliament. In 1558 he was present at the

siege of Thionville. Like his father, he certainly served

in the army, for he has frequent allusions to military

experiences. He was also much about the court, and

he admits very frankly that in his youth he led a life of

pleasure, if not exactly of excess. In 1566 he married

Franfoise de la Chassaigne, whose father was, like himself,

a member of the Bordeaux parliament. Three years later

his father died, and he. succeeded to the family possessions.

Finally, in 1571, as he tells us in an inscription still extant,

he retired to Montaigne to take up his abode there. This

was the turning-point of his life.

It has been said that his health was never strong, and

it had been further weakened by the hard living (in both

senses of that phrase) which was usual at the time. He
resolved, accordingly, to retire to a life of study and con-

templation, though he did not in the least seclude himself,

and indulged in no asceticism except careful diet. Mon-
taigne was a large country house unfortified (in which

circumstance its astute possessor saw rather safety than

danger from the turbulence of the religious wars), and its

owner's revenues, without being large, appear to have been

easy. He neither had nor professed any enthusiastic

affection for his wife, but he lived on excellent terms with

her, and l)estowed some pains on the education of the only

child (a daughter) who survived infancy. In his study,

which he has minutely described; he read, wrote, dictated,

meditated, inscribed moral sentences, which still remain on

the' walls and rafters, and in other ways gave himself up
to learned ease. He was not new to literature. In his

father's lifetime, and at Ms request, he had translated the

Thedogia Naturalis of Raymond de Sebonde, a Spanish

schooltoan. On first coming to live at Montaigne he

edited the works of his* deceased friend fitienne de la

Bo6tie, who had been the comrade of his youth, who died

early, and who, with poems of real promise, had composed

a declamatory and schoolboyish theme on republicanism,

entitled the Contr' Un, which is one of the most over

estimated books in literature. But the years of his

studious retirement were spent on a work of ' infinitely

greater importance. GJarruIous after a fashion, as Mon-
taigne is, he gives us no clear idea of any original or

definite impulse leading him to write the famous Essays.

It is very probable that if they were at first intended to

have any special form at all it was that of a table-book

or journal, such as was never more commonly kept than

in the 16th century. But the author must have been

more or less conscious of an order existing in the disorder

of his thoughts, and this may have induced him to keep

them apart in chapters, or at least under chapter-headings,

and at the same time not to cut them up into mere pensees.

It is certainly very noticeable that the earlier essays, those

of the first two books, differ from the later in one most
striking point, in that of length. Speaking generally, the

easays of the third book average fully four times the

length of those of the other two. This of itself would
BUggest a difference in the system of composition. For
the present, however, we may confine ourselves to the first

two books. These appeared in 1580, when their author

was forty-seven years old.

They contain, as at present published, no less than ninety-three

essays, besides an exceedingly long apology for the already-men-

tioned Raymond Sebonde, wnich amounts to about a quarter of the

whole in bulk.^and differs curiously from its companions in matter

no less than in' scale. The book begins with a snort avis (address

to the reader), opening with the well-known words, *' C'est icy un
livre de bon foy lecteur," and sketching in a few lively sentences

the character of meditative egotism which is kept up throuchout.

His sole object, the author says, is to leave for his frieuds and

relations a mental portrait of himself, defects and all ; he cares

neither for utility nor fame. The essays then begin without any

attempt to explain or classify their subjects. Their titles are of the

most diverse character. Sometimes they are proverbial sayings, or

moral adages, such as : "Par divers moyens on arrive & pareille fin "

,

"Qu'il ne faut jugerde notreheuT qu'aprfes lamort", Le profit de

Ton est le dommage de I'aultre. " Sometimes they are headea like the

chapters of a treatise on ethics :
" De la tristesse ", "De I'oisiveti ",

"De la peur", "De I'amiti^." Sometimes a fact of some sort

which has awaked a train of associations in the mind of the writer

serves as a title, such as: "On est puni de s'opiniastrer h. une place

sans raison ", " De la bataille de Dreux ", &c Occasionally the titles

seem to be deliberately fantastic, as :
" Des puces ", " De I'usage de

se vestir. " Sometimes, though not very often, the sections are in no

proper sense essays, but merely commonplace book entries of singular

facts or quotations with hardly any comment. These point to

the haphazard or indirect origin of them which has been already

suggested. But generally the essay-character—that is to say, the

discussion of a special point, it may be with wide digressions and

divergences—displays itself. The digressions are indeed constant,

and sometimes have the appearance of being absolutely wilful.

The nominal title, even when most strictly observed, is rarely more
than a starting-point ; and, though the brevity of these first essays

for the most part prevents the author from journeying very far, he

contrives to get to the utmost range of his tether. Quotations are

very frequent. These are the principal external characteristics of

the book ; its internal spirit had better be treated when it can he

spoken of completely.

Between the publication of the first two books of essays

in 1580 and the publication of the third in 1588, Mon-
taigne's life as distinguished from his writings becomes
somewhat better known, and somewhat more interesting.

He had, during the eight years of composition of his first

volume, visited Paris occasionally and travelled for health

or pleasure to Cauterets, Eaus Chaudes, and elsewhere.

Charles IX., apparently, had made him one of his gentle-

men in ordinary, and perhaps conferred on him the order

of St Michael. The fiercest period of the religious wars,

save that yet to come of the League, passed over him with-

out harming him, though not without subjecting him to

some risks. But his health grew worse and worse, and he
was tormented by stone and gravel. He accordingly re-

solved to journey to the baths of Lucca, late in the 18th

century a journal was /ound in the chateau of Montaigne,

giving an account of this journey, and it was published in

1774 ;
part of it is written in Italian and part dictated

in French, the latter being for the most part the work
of a secretary or servant. Whatever may be the biographi-

cal value of this work, which has rarely been reprinted

with the Essays themselves, it is almost entirely destitute

of literary interest. Written, moreover, according to its

own showing merely fdr the author's own eye, it contains

abundance of details as to the medicinal effect of the

various baths which he visited, details which may be said

to be superfluous to a medical reader, and disgusting to

any other. The course of the journey was first north-

wards to Plombiferes, then by Basel to Augsburg and
Munich, then through Tyrol to Verona and Padua in Italy.

Montaigne visited most of th6 famous cities of the north

and centre, staying five months at Rome, and finally

establishing hinoiself at the baths of Lucca for nearly as

long a time. There he received news of his election as

mayor of Bordeaux, and after some time journeyed home-

wards. The tour contains much minute information about

roads, food, travelling, Ac, but the eingular condition in

which it exists, and the absence of a really good critical
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edition iiitherto, make it rather difficult to use it as a
document. The freak of writing part of it in a strange
dog-Italian is not uncharacteristic of Montaigne, but the
words of his last and best editors, MM. Courbet and
Royer, who speak of the letters as " I'unique compliment
des essais," seem to indicate that they are not of those
who accept the published Voyage as authentic. Of the
fact of the journey there is no doubt whatever.

Montaigne (as was not unnatural in a man of his tempera-
ment, who had for some years, if not for the greater part
of his life, lived solely to please himself) was not altogether
delighted at his election to the mayoralty, which promised
him two years of responsible if not very hard work. The
memory of his father, however, and the commands of the
king, which seem to have been expressed in a manner rather
stronger than a mere formal confirmation, induced him to

accept it ; and he seems to have discharged it neither better
nor worse than an average magistrate. Indeed, he gave
sufficient satisfaction to the citizens to be re-elected at the
close of his term, and it may be suspected that the honour
of the position, which was really one of considerable dignity

and importance, was not altogether indifferent to him.
Unfortunately, it cannot be said that nothing in his office

became him like the leaving of it, for it was at the close

of his second tenure that he gave the only sign of the

demoralizing effect which is sometimes alleged by severe

moralists to come of the half epicurean; half sceptical philo-

sophy which he undoubtedly professed. It was his business,

if not exactly his duty, to preside at the formal election of

his successor, the marichal de Matignon ; but there was a
severe pestilence in Bordeaux, and Montaigne -m-ites to the

jurats of that town, in one of the few undoubtedly authentic

letters which "we possess, to the effect that he wiU leave

them, to judge whether his presence at the election is so

necessary as to make it worth his while to expose himself

to the danger of going into the town in its then condition,

"which is specially dangerous for men coming from a good
air as he does." That is to say, the chief magistrate of one
of the greatest towns in France not only declined to visit

it because of sickness prevailing there, but had left it to

itself at a time when nearly half the population perished,

and when, according to the manners of the age, civil dis-

turbance was almost sure to follow accordingly. Attempts
have been made to justify Montaigne, and it may be at

least said that he at no time pretended to unselfish heroism

;

but it is to be feared that the facts and the inference drawn
from them admit of no dispute. At the least, Montaigne's

conduct must be allowed to contrast very little to his

advantage with that of Rotrou in the next century under

somewhat similar circumstances though in a position of

much less responsibility. It may, however, be urged in

Montaigne's favour that the general circumstances of the

time, where they did not produce reckless and foolhardy

daring, almost necessarily produced a somewhat excessive

caution. The League was on the point of attaining its

greatest power-, the extreme Calvinist and Navarrese party,

on the Other side, was (as may be seen in Agrippa d'Aubigne)

no lesi fanatical than the League itself, and the salvation

of France seemed to lie in the third party of poHHqiies, or

trimmers, to which Montaigne belonged. The capital

motto of this party was that of the Scotch saying, " Jouk
and let the jaw gang by,"^nd the continual habit of parry-

ing and avoiding political dangers might be apt to extend

itself to dangers other than political. However this may
be, Montaigne had difficulty enough during this turbulent

period, all the more so from his neighbourhood to the chief

haimts and possessions of Henry of Navarre. He was

able, however, despite the occupations of his journey, his

mayoralty, and the pressure of civil war and pestilence,

which was not confined to the town, to continue his essay

writing, and in 1588, after a visit of some length to Paris-,

the third book of the Essays was published, together with
the former ones considerably revised. The new essays, as
has been remarked, differ strikingly from the older ones in

respect of length ; thefe being only one which confines
itself to the average of those in the first two books. The
whimsical unexpectedness of the titles, moreover, reappears
in but two of them: "Des coches" and "Des boiteux,"

They are, however, identical with the earlier ones in spirit,

and make with them a harmonious whole—a book which
has hardly been second in influence to any of the modem
world.

This influence 13 almost equally remarkable in point of matte
and in point of form, as regards tlie subsequent history of thought
and as regards the subsequent history of literature. The latter aspect
may be taken first. Montaigne is one of the few great writers who
have not only perfected but have also invented a literary form.
The essay as he gave it had no forerunner in modern literature, and
no direct ancestoV in the literature of classical times. It is indeed
not improbable that it owes something to the body of tractates by
different authors and of different dates, which goes under the name
of Plutarch's Morals, and it also bears some resemblance to the
miscellaneous work of Lucian. But the resemblance is in both cases
at most that of suggestion. The peculiar desultoriness and tenta-
tive character of the essay proper were alien to the orderly character
of the Greek mind, as were also its garrulity and the tendency w hicb
it has rather to reveal the idiosyncrasy of the writer than to deal in

a systematic manner with the peculiarities of the subject. It has
been suggested that the form which the essays assumed was in a
way accidental, and this of itself precludes the idea of a definite

model even if such a model could be found. Beginning with the
throwing together of a few stray thoughts and quotations linked
by a community of subject, the author by degrees acquires mor*
and more certainty cf hand, until he produces such masterpieces of
apparent desultoriness and real unity as the essay " Sur des vers de
VirgUe. " In matter of style and language Jlontaigne's position Is

equally important, but the ways w>hich led him to it are more
clearly traceable. His favourite author was beyond all doubt Plu-
tarch, and his own explicit confession makes it undeniable that
Plutarch's translator Amyot was his master in point of vocabulary,
and (so far as he took any lessons in it) of style. Amyot was
unquestionably one of the most remarkable writers of French in

the 16th century, and to him more than to any one else is due
the beauty of the prose style which marked the second half of

that century, a style which, though unequal and requiring to be
modified for general use, is at its best the very flower of the lan-

guage. Montaigne, however, followed with the perfect independence
that characterized him. He was a contemporary of Ronsard, and
his first essays were published when the innovations of the Pleiade
had fully established themselves. He adopted them to a great
extent, but mth much discrimination, and he used his own judg-
ment in Latinizing when he pleased. In the same way be retained
archaic and provincial words with a good deal of freedom, but by
no means to excess. In the arrangement as in the selection of his

language he is equally original. 'There is little or no trace in him
of the interminable sentence which is the drawback of early prose

in all languages when it has to deal with anything more difficult

to manage than mere narrative. He has not the excessive classicism

of style which mars even the fine prose of Calvin, and which makes
that of some of Calvin's followers intolerably stiff. As a rule he is

careless of definitely rhythmical cadence, tliough his sentences are
always pleasant to the ear. But the principal characteristic of

Montaigne's prose style is its remarkable ease and flexibility. These
peculiarities, calculated in themselves to exercise a salutary influ-

ence on a language as yet somewhat undisciplined, acquired by
accident an importance of an extraordinary kind. A few years

after Montaigne's death a great revolution, as is generally known,
passed over French. The criticism of Malherbe, followed by the

establishment of the Academy, the minute grammatical censures of

Vaugelas, and the severe literary censorship of Boileau turned

French in less than three-quarters of a century from one of the

freest languages in Europe to one of the most restricted. The
Latinisms and Grsecisms of the Pleiade were ta'jooed at the same
time with the most picturesque ex)>ressions of the older tongue.

The efforts of the reformers were directed above all things to weed

and to refine, to impose additional difficulties in the way of writing

exquisitely, at the same time that, by holding out a strictly-defined

model, they assisted persons of little genius and imagination to

write tolerably. During this revolution only two writers of older

date heldtheir ground, and those t^vo were Rabelais and Montaigne,

—

Montaigne being of his nature more generallv readable thati Rabe-

lais. The Essays, the popularity of which no academic censorship

could touch, thus kept -before the eyes of the 17th and 18th cen-

turies a treasury of French in wUicli every generation could behold
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the riches of their ancestors. The stuiiy oi (tism Influenced all the

great prose writers of France, and they could not fail to be influ-

enced in the direction which it was most important that they should
take by the racy phrase, the quaint and picturesque vocabulary,
and the unconstrained constructions of Montaigne.

It would be impossible, however, for the stoutest defender of the
importance of form in literature to assign the chief part in Mon-
taigne's influence to style. It is the method or rather the manner
of thinking of which that style is the garment which has in reality
exercised influence on the world. Like all wTiters except Shake,
speare, Montaigne thoroughly and completely exhibits the intellec-

toal and moral complexion of his own time, when he reached man-
hood the French Renaissance (which was perhaps on the whole the
most characteristic example of that phenomenon, the religious
element being neithc;- in excess as it was in England and Germany,
nor in defect as it had been in Italy) was at hi^h water, and the turn
ofthe tide was beginning. Rabelais, who died when Slontaigne was
still in early manhood, exhibits ae earlier and rising spirit, though
he needs to be completed on the poetical side. The Renaissance
had, as all revolts against authority must have, a certain sceptical
element, but it was not at first by any means eminently scepticaL
Despite the half ironical, half warning termination of ParUagruel,
an immense confidence and deUght, as of the invader of a promised
land, fills the pages of Rabelais. He Tejoices in his strength, in his
knowledge, in his freedom, in the pleasures of the flesh and the spirit.

With Montaigne begins the ago of disenchantment. By the time
at least when he began to m_editate his essays in the retirement of
his country house it was tolerably certain that no golden age was
abont to return. The Reformation had brought not peace but a
sword, and the Calvinists were as intolerant as the Catholics. The
revival of learning had, whatever its benefits, merely changed the
ontR'ard guise of pedants instead of extirpating pedantry. The
art of printing had multiplied rubbish as well as valuable "matter.
ITie discovery of America had brought ruin to the discovered, and
disease and discord to the discoverers. The horrors of a disputed
succession were already threatening France. These things were
enough to make thoughtful men dubious about the blessings of
progress and reform ; but the extreme dissoluteness which charac-
terized the private life of the time also brought about its natural
result of satiety. Physical science had hardly yet emerged to occupy
some active minds ; scholasticism was dead, while Bacon and Des-
cartes had not arisen ; nothing like a theory of politics had been
evolved, though Bodin. and a few others were feeling after one. As
the earlier Renaissance had specially occupied itself with the prac-
tical business and pleasures oflife, so the later Renaissance specially
mused on the vanity of this business and these pleasures. The pre-
disposing circumstances which aff'ected Montaigne were thus likely
to incline him to scepticism, to ethical musings on the vanity of life

and the like. But to all this there had to be added the peculiarity
of his own temperament. This was a decidedly complicated one,
and neglect of it has led some readers to adopt a more positive idea
of Montaigne's scepticism than is fully justified by all the facts. The
municipality of Rome has put up a tablet on the house occupied
by Montaigne during his visit there, which speaks of him as a
founder of the new philosophy." In Italian mouths at the

present day this is equivalent to an assertion that Montaigne was
ar. enemy of Christianity. I^o assumption can be more gratuitous
or less borne out by the text of his works and the reasonable
inferences to be drawn from them. The attitude which he assumed
was no doubt ephectic and critical chiefly. He decorated his study
at Montaigne with inscriptions (still, by dint of accidental
preservation and restoration not accidental, legible there), most of
which are of the most pessimist and sceptical character. Eccle-
siastes, Ecclesiasticus, Horace, Lucretius, Sextus Empiricus, the
fragments of the Greek dramatists and philosophers, are ransacked
for epigraphs indicating che vanity of human reason, human wishes,
human belief, human thoughts and actions of every kind. In one
curious essay (if indeed it is to be called an essay), the " Apologie
de Raymond Sebonde," he has apparently amused himself with
gathering together, in the shape of quotations as well as of re-
flexions, all that can be said against certainty in fBsthetics as well as
in dogmatics. But the general tenor of the essays is in complete
contrast with this sceptical attitude, at least in its more decided
form, and it is worth notice that the motto " Que scai-je ? " does not
appear on the title page till after the writer's death. The general
disposition, moreover, manifested in these famous writings is very
far from being determinedly Pyrrhonist or despairingly misanthro-
pic. Montaigne is far too much occupied about all sorts of the
minutest details of human life to make it for a moment admissible
that he regarded that life as a whole but as smoke and vapour.
He is much too curious of the varieties of belief, and too keenly
interested in following them out, to leave himself in peril of the
charge that all belief was to him a matter of indifierence. The
reason of the misapprehension of him which is current is due very
mainly to the fact that he was eminently a humorist in the midst
of a people to whom, since his time, humour has been nearly un-
known. Bat there is more than this. The humorist as a recog- i

nized genus almost always p.asse3 into the satirist. The tempei-

which has been admirably defined as thinking in jest while feeling

in earnest naturally throws itself into opposition, though it may
not always take the irreconcilable form of the omioBition of Swift

Perhaps the only actual parallel to Moutaigne in literature is Lamb.
There are differences between them, arising naturally enough

from differences of temperament and experience ; but both agree

in their attitude—an attitude which is sceptical without being

negative, and humorist without being satiric. There is hardly any
writer in whom the human comedy appears treated with such

completeness as it is in Montaigne. There is discernible In his

essays no attempt to map out a complete plan, and then to fill

up its outlines. But in the desultory and haphazard fashion

which distinguishes him there are few parts of life on which he
does not touch. The exceptions are chiefly to be found in the

higher and more poetical strains of feeling to which the humorist
temperament lends itself with reluctance and distrust, though it

by no means excludes them. The French disposition, by a change
which has never been sufficiently accounted for, and of which the

most accurate examination of documents fails fully to detect the

rearon, had become, after being strongly idealist in the earlier Middle
Ages, absolutely positive in the later, and from this positiveness it

has never since quite freed itself. This positiveness isnlready notice-

able in Rabelais ; it becomes more noticeable still in Montaigne. He
is always charming, but he is rarely inspiring, except in a very few
passages where the sense of vanity and nothingness possesses him
with unusual strength. As a gonerat rule, an agreeable grotesque
of the affairs of life (a grotesque which never loses hold of good
taste sufficiently to be called burlesque) occupies him. There is a

kind of anticipation of the scientific spirit in the careful zeal with
which he picks up odd aspects of mankijid, and comments upon
them as he places them in his museum. Such a temperament is

most pleasantly shown when it is least personal. The letter to

the Bordeaux jurats does not, as has been said, show Montaigne
in his best light, nor does another letter to his wife, in which
he condoles with her on the death of one of their children in a
strain which must have drawn from any woman of sensibility and
spirit a torrent of indignant tears. But what is almost oA'cnsive
in immediate and private relationships becomes not only toler-

able but delightful in the impersonal and irresponsible relationship
of author to reader. A dozen generations of men have rejoiced in
the gentle irony with which Montaigne handles the ludicmm ha-
mani sseculi, in the quaint felicity of his selection of examples, and
in the real though sometimes &ntastia wisdom of his comment on
his selections.

Montaigne did not very long survive the completion of

his book. His sojourn at Paris for the purpose of getting
it printed was by no means uneventful, and on his way he
stayed for some time at Blois, where he met De Thou. In
Paris itself he had a more disagreeable experience, being
for a short time committed to the Bastille by the Leaguers,
as a kind of hostage, it is said, for a member of their party
who had been arrested at Eouen by Henry erf Navarre.
But he was in no real danger. He was well known to
and favoured by both Catherine de' Medici and the Guises,
and was very soon released. In Paris, too, at this time he
made a whimsical but pleasant friendship. Marie le Jars,

DemoiseOe de Gfournay, one of the most learned ladies of

the 1 6th and 17th centuries, had conceived such a venera-
tion for the author of the Essays that, though a very
young girl and connected with many noble families, she
traveUed to the capital on purpose to make his acquaint-
ance. He gave her the title of his "fille d'alliance"

(adopted daughter), which she bore proudly for the rest

of her long life. She lived far into the 17th century, and
became a chara<;ter and something of a laughing-stock to

the new generation; but her services to Montaigne's literary

memory were, as will be seen, great. Of his other friends

in these last years of his life the most important were
Etienne Pasquier and Pierre Charron. The latter, indeed,
was more than a friend, he was a disciple ; and Montaigne,
just as he had constituted Mademoiselle de Gournay his
" fille d'alliance," bestowed on Charron the rather curiwus
compliment of desiring that 'he should take the arms of the
family of Montaigne. It has been thought from these two
facts, and from an expression in one of the later essays,

that the marriage of his daughter L6onore had not turned
out to his satisfaction. But family affection, except towards
his fatlier, was by no means Montaigne's strongest point.
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Not much is known of him in these later years, and

indeed, despite the laborious researches of many bio-

graphers, of whom one, Dr Payen, has never been excelled

in persevering devotion, it cannot be said that the

amount of available information about !Montaigne is large

at any time of his life. It would seem that the essayist

had returned to his old life of study and meditation

and working up his Essays. No new ones were found

after his death, but many alterations and insertions. His

various maladies grew worse
;
yet they were not the direct

cause of his death. He was attacked with quinsy, which

rapidly brought about paralysis of the tongue, and he died

on the 11th of September 1592, under circumstances which,

as Pasquier reports them, completely disprove any intention,

at least on his part, ,of displaying anti-Christian or anti-

Catholic leanings. Feeling himself on the point of death,

he summoned divers of his friends and neighbours to his

chamber, had mass said before him, and endeavoured to

raise himself and assume a devotional attitude at the

elevation of the host, dying almost immediately afterwards.

He was buried, though not till some months after his

death, in a church in Bordeaux, which aftej some vicissi-

tudes became the chapel of the College. During the

Revolution the tomb and, as it was supposed, the coflSn

were transferred with much pomp to the town museum

;

but it was discovered that the wTong coffin had been taken,

and the whole was afterwards restored to its old position.

Montaigne's widow survived him, and his daughter left pos-

terity which became merged in the noble houses of S^gur

and Lur-Saluces. But it does not appear that any male

representative of the family survived, and the chateau is

not now in the possession of any descendant of it.

When Mademoiselle de Gournay heard of the death of Mon-
taigne she undertook with her mother a visit of ceremony and con-

dolence to the widow, which had important results for literature.

Madame de Montaigne gave her a copy of the edition of 1588,

annotated copiously ; at the same time, apparently, she bestowed

another copy, also annotated by the author, on the convent of the

Feuillants in Bordeaux, to which the church in which hia remains

lay was attached. Mademoiselle de Gournay thereupon set to work
to produce a new and final edition with a zeal and energy which
would have done credit to any editor of any date. She herself

worked Tiith her own copy, inserting the additions, marking the

alterations, and translating all the quotations. But when she had
got this to press she sent the proofe to Bordeaux, where a poet of

some note, Pierre de Brach, revised them with the other annotated

copy. The edition thus produced has with justice passed as the

standard even in preference to those which appeared in the author's

lifetime. Unluckily, Mademoiselle de Gournay s original does not

appear to exist, and her text was said, until the appearance of MM.
Courbet and Royer's edition, to have been somewhat wantonly
corrupted, especially in the important point of speUing. The
Feuillants copy is in existence, being the only manuscript or partly

manuscript authority for the text. It was edited in 1803 by
Naigeon, the disciple of Diderot ; but, according to later inquiries,

considerable liberties were taken with it. The first edition of 1580,

with the various readings of two others which appeared during the

luthor's lifetime, was reprinted by MM. Dezeimeris and Burck-
aausen. Hitherto the edition of Le Clerc (3 vols., Paris, 1826-28)

and in a more compact form that of Louandre (4 vols., Paris, 1854)

have been the most useful. The edition, however, of MM. Courbet
and Royer, which is based on that of 1595, will undoubtedly be the

standard ; but, though the text is complete (Paris, Lemerre, 1873-

1877), the fifth volume, containing the biography and all the editorial

apparatus, has unluckily yet (1883) to make its appearance. The
editions of Montaigne in France and elsewhere, and the works upon
him during the past three centuries, are innumerable. His influence

upon his successors has already been hinted at, and cannot here

be traced in detail. In one case, however,^that of Pascal—it is of

sufficient importance to deserve mention. Pascal, who has left a

special discourse on Montaigne, was evidently profoundly influenced

by him, and the attitude towards his teacher is an interesting one.

The sceptical method of the essayist is at once tempting and terrible

to him. He accepts it in so far as it demolishes the claims of

human reason and heathen philosophy, but evidently dreads it in

so far as it is susceptible of being turned against religion itself. In

England Montaigne was early popular. It was long supposed that

*he autograph of Shakespeare in a copy of Florio's trpnslation

Jiowed his study of the Essays. The autograph has been i' isputed,

but divers passages, and especially one in The Tempesl, snow that

at first or second hand the poet -.was acquainted with the essayist.

Towards the latter end of the 17th century. Cotton, the friend of

Isaac Walton, executed a complete translation, which, though not
extraordinarily faithful, possesses a good deal of rough vigour. It

has be«n frequently reprinted with additions and alterations. The
most noteworthy critical handling of the subject in English is

unquestionably Emerson's in Jicpresenlative Men. (G. SA.)

MONTALi;iIBERT, Charle.'? Forbes de (1810-1870),

historian, was born on 29th May 1810. The family was
a very ancient one, belonging to Poitou, or rather to

Angoumois. Direct descent is said to be provable to the

13th century, and charters and other documents carry the

history of the house two centuries further back. For some
generations before the historian the family had been dis-

tinguished, not merely in the army, but for scientific attain-

ments. Montalembert's father, Rene, emigrated, fought

under Cond6, and subsequently served in the English

army. He married a Miss Forbes, and his eldest son

Charles was born at London. At the Restoration Reni
de Montalembert returned to France, was raised to the

peerage in 1819, and became ambassador to Sweden (where

Charles received much of his education) in 1826. He died

a year after the overthrow of the legitimate monarchy.

Charles de Montalembert was too young to take his seat

as a peer (twenty-five being the necessary age), but he

retained other rights ; and this, combined with his literary

and intellectual activity, made him a person of some

importance. He had eagerly entered into the somewhat

undefined plans of Lamennais and Lacordaire for the

establishment of a school of Liberal Catholicism, and he

co-operated with them, both in the Avenir (see Lamen-
nais, vol. xiv. pp. 239, 240) and in the practical endeavour,

which absorbed some of the best energies of France at the

time, to break through the trammels of the system of sta.Ut

education. This latter scheme first brought Montalembert

into notice, as he was formally charged with unlicensed

teaching. He claimed the right of trial by his peers, and

made a notable defence, of course with a deliberate intention

of protest. His next most remarkable act was his participa-

tion in the famous pilgrimage to Rome of his two friends.

This step, as is well known, proved useless to mitigate the

measures which private intrigues, and perhaps a not alto-

gether injudicious instinct, prompted the Roman curia to

take against the Averdr and the doctrines of its promoters.

Montalembert, however, submitted dutifully to the ency-

clical of June 183-5, and only devoted himself more

assiduously to the work on which he was engaged, the

Life of St Elizabeth of Hungary. This appeared in 1836.

It displayed Montalembert's constant literarycharacteristics,

and, though inferior to Les Moines <f Occident in research

and labour, is perhaps superior to it as a work of art.

The famous speech by which Montalembert is best known,
—"Nous sommes les fils des crois^s et jamais nous ne re-

culerons devant les fils de Voltaire ", expresses, or at least

indicates, his attitude not insufficiently. He was an ardent

student of the Middle Ages, but his medijeval enthusia.sm

was strongly tinctured with religious sentiment, and at the

same time by no means connected with any affection for

despotism. Montalembert still clung to his early liberalism,

and he made himself conspicuous during the reign of Louis

Philippe by his protests against the restrictions imposed

on the liberty of the press, besides struggling for freedom

in national education. The party which he represented,

or rather which he strove to found, was by no means wholly

Legitimist at heart, and at the downfall of Louis Philippe

Montalembert had no difficulty in accepting the republic

and taking, when elected, a seat in the assembly. He
had not a little to do with the support given by France to

the pope. As he had accepted the republic, he was not

disinclined to accept the empire ; but the measures whidi
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followed the <,mip cCetat disgusted liim, though he still sat
in the chamber. A defeat in 1857 put an end to his
parliamentary appearances. He was still, however, recog-
nized as one of the most formidable of the moderate
opponents of the empire, and he was repeatedly prosecuted
for anti-imperialist letters and pamphlets. In the ten
years between 1840 and 1850 he had written little but
political pamphlets, but after the establishment of the
empire, and especially after he lost his seat in the chamber,
he became more prominent as an author. Even before
this he had produced a olume on the Avenir Politique de
FAngleterre (1855), and another on Pie IX. et Lord Palmer-
tUm (1856), besides numerous articles and pamphlets, the
chief of which were perhaps Une Nation [Poland] en Deuil,
and L'JSglise Libre dans I'Etat Libre.

His great work, the fruit of many years' labour, did not
appear till he was fifty years old, and ten years before his

death, which occurred before its completion. Les Moines
cFOccident depuis St BenoU jusqu^d, St Bernard has some
of the peculiar drawbacks which have characterized almost
all historical work of any literary pretensions during the
present generation. It is planned on too large a scale,

and executed with too much regard to profusion of pictur-

esque detail and abimdance of fluent argument on points

which the writer has at heart. Its best passages are inferior

to the best of a younger writer of very different opinions

though not dissimilar style and temperament—M. Ernest

.

Renan ; but it is a work of great interest and value.

Montalembert, who had married Mademoiselle de Merode,
sister of one of Pius IX. 's ministers, but who had no male
offspring, died in March 1870, the year so fatal to France.

His health had long been very bad, and was understood

to have suffered froin the chagrins attending his exclusion

from political life and the defeat of most of his plans.

Since his death his works have appeared in a complete

edition. They have, regarded from the literary point of

view, many of the faults of their time. A voluminous and
vigorous writer, Montalembert was more of a journalist, a

pamphleteer, and an orator than of a man of letters properly

so called. His talents were diffused, rather thaa concen-

trated, and they were much occupied on merely ephemeral

topics. But of picturesque eloquence in a fluent and rather

facile kind he was no inconsiderable repieaentative.

MONTALVAN, Juan Perez de (1602-1638), Spanish

dramatist and writer of fiction, was the son of the king's

bookseller, and was born at Madrid in 1602. At the early

age of seventeen he became a licentiate in theology, and in

1626, after entering the priesthood, he received a notarial

appointment in connexion with the Inquisition. His

overtasked brain succumbed under the numeroils literary

labours he imposed on it, and he died when only thirty-

six: years old (25th June 1638).

In 1624 he published eight prose tales {Sucesos y prodigio3 en

amor, en ocho novelas ejemplares), one of which, "The Disastrous

Friendship," has been characterized by Ticknor as one of the best

in the language. This, as well as a subsequent volume of stories

(Para todos: Exemplos morales, humanos y divinos, 1633), was fre-

quently reprinted. His last prose writing was a popular panegyric

on his lately deceased friend and master Lope do Vega [Fama p6s-

tuma de Lojie da Vega, 1638), whom he almost rivalled in dramatic

productiveness, and whose conventional manner, flimsiness in con-

struction, and carelessness in execution he too closely followed.

The first volume of his collected Comedias appeared in 1638, the

second in 1639. On the Spanish stage they were in great request,

and Montalvan's repute led inferior writers in some cases to borrow

his name. His dramas are distinctly superior to his " Antes sacra-

mentales," but even of the former the tragedy Los Jmantes de

Teruel ia the only one that has enjoyed permanent popularity.

See Ticknor, Sisi. of Span. Lit., voL ii. (1863).

MONTANA, one of the north western Territories of

the United States, is limited on the N. by British Columbia,

on the E. by Dakota, on the S. by Wyoming and Idaho,

and on the W. by Idaho. Its boundaries, as established

by statute, are as foUows :—on the N., the 49th paraUtl •

on the E., the 27th meridian west of Washington, or the
104th west of Greenwich ; on the S. and W. the boun-
dary follows the 45th parallel from the 27th meridian west
to the 34th meridian west, then turns south along the
latter meridian to its point of intersection with the conti-

nental watershed, thence along the crest^Une of this water-
shed westward and north-westward until it reaches the
Bitter-root Mountains ; it then follows the crest of this

range north-westward to the point where it is crossed bv
the 39th meridian west, which it follows north to the line of

British Columbia. The total area is about 146,080 square
miles—an approximate estimate, as the boundary along the

continental watershed and the Bitter-root Mountains has

not been exactly surveyed. The average elevation above
sea^level has been estimated at 3900 feet.

Topographically, Jlontana may be separated into two
great divisions—that of the plains comprising the eastern

two-thirds, and that of the mountains comprising the

western portion. The former, a monotonous rolling ex-

panse, broken only by the beds of the few streams which
traverse it, and by a few small groups of hills, extends over

nine degrees of longitude in a gentle uniform slope, rising

from 2000 feet above the sea at the eastern boundary to

4000 at the base of the Rocky Mountains. Except along the

streams and upon the scattered groups of hills, this section

is entirely devoid of forest-growth of any kind. Vegetation

is limited to the bunch grasses, artemisia, and cactL The
grasses are the most abundant and luxuriant near the

mountains, where the rainfall is greatest. The mountain
section, comprising the western third of the Territory, is

composed, in general terms, of a succession of ranges and
vaUeys running very uniformly somewhat in a north-west

and south-east direction. The mountains vary in height

from 8000 to 10,000, even in isolated cases reaching

11,000 feet, with mountain-passes 6000 to 8000 feet above
the sea. Towards the north the ranges become almost

continuous, forcing the streams into long and circtiitons

courses in order to disentangle themselves from the maze
of mountains, while, on the other hand, the ranges of the

south-western part of the Territory are much broken, afford-

ing numerous low passes and water-gaps.

In the mountainous part of the Territory are the head-

waters of the Missouri (Atlantic basin) and Clark's Fork of

the Columbia (Pacific basin). The former rises in the

south-west of the territory in three large branches, the

Jefferson, Madison, and Gallatin, which meet at the foot

of the Gallatin valley at a point known as the " Three
Forks of the Missouri." Here the Missouri is a good-sized

stream, fordable with difficulty even when the current is

lowest. From this point to its mouth navigation is pos-

sible when the stream is not below its mean height; it

is interrupted only at the Great Falls of the Missouri, near

Fort Benton, above which, however, it is practically little

used for navigation. Its other principal tributaries in its

upper course are the Sun, Teton, Marias, Musselshell, and
Milk rivers, all of which vary much in size with the season,

—the last two being nearly or quite dry near their mouths
^in the fall of the year. The Yellowstone, one of the most

important tributaries of the Missouri, has nearly aU its

course in Montana, and is r avigable for small steamers as

far as the Crow Agency, except when the water is low.

Clark's Fork of the Columbia is formed by the junction of

the Flathead and the Missoula or Hellgate river. The
former rises in th»J mountains of British Columbia and

flows nearly south through Flathead Lake to its point of

junction with the Missoula. The latter rises opposite the

Jefferson river and flows north-westward, receiving on its

way several large affluents. Below the point of junction

of these streams, Clark's Fork flows north-west along the
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'lasc of the Bitter-root Mountains into Idaho. This stream

IB very rapid, and is not navigable. Its course, as Tvell as

those of most of its tributaries, passes through narrow

Talleys, the surrounding country being well watered and
ixivered with dense forests of Conifers^

Geology.—Most of *he n-.ountain area belongs to the Eozoie and
^urian formationa. Along the base of the mountains is a Triassic

belt of variable width. Succeeding this is a broad area of nearly

horizontal Cretaceous bed.'f, followed by the Tertiary formation^

which covers nearly one-third of the Territory. These recent for-

mations are interrupted h'^re and there by volcanic upheavals.

Climate.—The climate of Montana differs almost as greatly in

different parts of the Terr' tory as that of California. In the north-

west it resembles that of the Pacific coast. The westerly winds
blowing off the Pacific di> not meet with as formidable a barrier as

farther south, and consf^juently are not chilled, or deprived of so

large a proportion of tb rir moisture. The result is that the north-

western portion of MontPina enjoysamild tempeiature andarainfall

sufficient for the needs rl agriculture. The valleys of the Kootenai,

Flathead, Missoula, and Bitter-root can be cultivated without irriga-

tion with little danger of loss from drought Farther east and south

the rainfall decreases. In the valleys of the upper ilissouri, the

Jefferson, Madison, Gallatin, ajid the upper Yellowstone irrigation

is almost everywhere required, as well as over the broad extent of

the plains. Over most of the Territory the rainfall ranges from 10

to 15 inches annually ; in the north-western comer it rises to 25.

The general temperature is comparatively mild for the latitude,

the elevation above the sea being decidedly less than that of the

average of the Kooky Mountain region. The mean annual temper-

ature ranges from 40° to 50° Fahr., but the variations are very great

and violent. Frosts and snowstorms are possible during every

month of the year, so that agriculture and stock-raising are more

or less hazardous. On the other hand, the ordinary extremes of

temperature are not so great as in more arid portions of the country.

Forests.—Throughout the Territory, as everywhere else in the

Cordilleran region, forests foUow rainfall. The plains are treeless
;

the mountain vaUeys about the heads of the Missouri are clothed

only with grass and artemisia, many localities extending to a con-

siderable'height up the mountains, wuich are themselves timbered,

though not heavily. In the north-western part, roughly defined

as the drainage area of Clark's Fork, where the raiiifall is somewhat
greater, the forests become of importance. The mountains are forest-

s' TmnM • B«ilroaa«

Sketch Map of Montana Territory.

clad from summit to 'base ; and the narrower valleys are also covered,

•vhile the timber is of larger size and of much f^-eater commercial
value than elsewhere in the Territory,—the valuable timberconsisting
entirely of the various species of Coiu/craj, pine, fii', cedar, &c. Of the
broad-leaved species, willow, aspen, and cotton-wood are abundant
Fauna.—The native fauna is not sharply distinguished from

that of neighbouring States and Tenitories. The higher latitude

is, however, indicated by the relativel}' greater abundance of species

favouring a colder climate. The moose and the Rocky Mountain
goat, though by no means abundant, stUl frequent chosen haunts
in the mountains,—the former in the cool marshy valleys, the latter

upon the most rugged inaccessible elevations. The black-tailed

and mule deer, the antelope, elk, and mountain sheep are abundant,
and the bison still ranges the plains, though in sadly reduced
numbers. Among Carmvoras, the black and grizzly bears, mountain
lion, lynx, wild cat, and several species of wolves are still plentiful.

Agriculture and Industry.—Agriculture is dependent in most
parts of Montana upon the supply of water furnished by the
etieams. Owing to this fact it is probable that not more than
B per cent, of the tot-al area of the Territory can ever, even under
the most economical distributiou of the water-supply, be brought
nndei cultivation. In the drainage area of Clark's Fork are

several fine valleys containing a considerable extent of arable
land, such as those of the Missoula, Bitter-root, Deer Lodge, Jocko,
and Flathead. Upon the head-waters of the Missouri is also a large
extent of arable land. The valleys ofthe Jeffei-son and Madison also
deserve mention. Along the eastern base of the mountains, near
the head-waters of the Sun, Teton, and Marias rivers, are consider-
able areas susceptible of irrigation. Below the Forks the Missouri
flows for 75 miles through a broad vall'ey, much of which can be irri-

gated ; below Fort Benton, however, the bluffs become higher and
close in on the river. The Yellowstone, also, after leaving the moun-
tains, flows through a similar kind of valley, which extends with a
few minor breaks down to the point where the river turns from an east
to a north-east course, when it enters a country of mauvaiscs terres,
which, except as a mausoleum of fossil remains, is utterly valueless.
Owing to the comparatively isolated position of the Territory,

agricultural pursuits have been limited by the demands of home
consumption The census of 1880 reported the area in farms to con-
sist of 405,633 acres, with an average of 267 acres to each farm. The
whole is less than oae-half per cent, of the entire area of the Terri-
tory. The improved land is reported as amonnting to 262,611
acres. The follo\ring are the amounts of the principal agricultural
products :—wheat, 469,688 bushels; maize, 5639 bushels; oata.
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900,915 bushels ; barley, 59,970 bushels ; hay, 63,947 tons ; wool,

99S,484 pounds ;—valueof all farm products, $2,024,923. The live-

ptock interest is large, and is increasing rapidly. The great extent

of pasture afforded by the plains and the broad valleys of the

mountains would seem to promise an almost unlimited extension

of this industry in the future. Both cattle and sheep owners,

however, labour under disadvantages as compared with the owners

farther south. The lower temperature aijd heavier snows, and

particularly the danger of great extremes of temperature, require

that provision of shelter aud food be made for a pa.t or all of the

winter season, otherwise the rancheman runs the risk of occasional

severe losses. The census of 18S0 furnishes the followin"; statistics

of live-stock :—horses, 35,114 ; mules and asses, 858 ; workingoxen,

936; milch cows, 11,308; other cattle, 160,143; sheep, 184,277;

swine, 10,278 ;—total value of live-stock, §5,151,554.

In mineral production Montana has never taken a leading place,

although in the early days some of the placer ground yielded well.

The rich placers of Little Prickly Pear, Bannack, and Alder Gulch

were quickly exhausted. The produce of the latter has been reported

Tariously at from $25,000,000 to $40,000,000, the greater part of

which was extracted in a few months. In the year 1879-80

$1,805,767 worth of gold and $2,905,068 of silver were extracted,

about three-fourths from deep mines and one-fourth from placers.

For the year 1882 the total mineral production is reported at

$8,004,000, of which about $1,000,000 was for copper and lead.

Population.—Owing largely to its remote position the population

as well as the mateiial prosperity of Montana have had a slow growth

in comparison with other more favoured portions of the west. The
population in 1880, as reported by the census, was 39,159 (28,177

males, and 10,982 females),—an increase of 90'1 per cent, over that in

1870. There were 27,638 natives, and 11,521 of foreign birth, while

35,385 were whites, 346 negroes or of mixed negro blood, 1765 Chinese,

and 1 663 citizen Indians. By far the greater portion of the popula-

tion is found in the western halJf, upon the head-waters of the Missouri

and Clark's Fork. The eastern half is as yet but very sparsely settled,

and probably it will never sustain more ^han a small population.

The Territory is divided into eleven counties, which, with their

population in 1880, were the following:— Beaverhead, 2712;
Choteau, 3058 ; Custer, 2510 ; Dawson, 180 ; Deer Lodge, 8876 ;

Gallatin, 3643 ; Jefferson, 2464 ; Lewis and Clark, 6521 ; Madison,

3915 ; Meagher, 2743 ; Missoula, 2537. The principal settlements

are—Helena, the capital (3624) ; Butte, a mining town (3363)

;

and Bozeman, in the Gallatin valley upon the Northern Pacific

Railway, which in 1880 had a population of 894 and has probably

double that number at present (1883).

The total number of Indians in Montana is estimated by the

Indian office at 19,764. These are nominally congregated at five

agencies, although in reality they roam over the entire Territory.

They are of various tribes, the principal of which are the Sioux,

Crow, Blackfoot, Gros Ventre, Assinaboine, and Pcnd' d'Oreille.

Their reservations corer more than one-third of the Territory.

Government and Finance.—The government of Montana is similar

to that of the other Territories. The governor, secretary, chief jus-

tice, and two associate justices are appointed by the president of the

United States. The treasurer, auditor, and superintendent of public

instruction are elected by the people of the Territory, as are also the

members of the two houses of the legislature. Montana is repre-

sented in Congress by a delegate, also elective, who has liberty to

take part in debate but has no vote. The Territorial debt at the

close of 1881 was but $70,000. The amount raised by Territorial

taxation was $93,211.

History.—The Montana country was originally acquired by the

United States under the Louisiana purchase. It became successively

a part of Louisiana Territory, of Missouri Territory, of Nebraska
Territory, and of Dakota. On 26th May 1864 it was organized

under a Territorial government of its own, with practically its present

boundaries. The exploration of this region commenced with the

celebrated expedition of Lewis and Clark in 1803-1806. Between
1850 and 1855 it was traversed and mapped by a number of exploring

parties, having in view the selection of trans-continental railroad

routes. Since then numberless expeditions have examined it, and
some systematic topographic work has been done under different

branches of the United States Government The first settlers

entered the Territory in 1861, discovered placer gold on Little

Prickly Pear Creek, and shortly after built the city of Helena.

Later, the placers at Bannack were discovered, and a small "rush "

to the Territory commenced. In 1863 the rich placers at Alder

Gulch were brought to view, and miners and adventurers swarmed
in from all parts. Then it was that the early social history of Cali-

fornia was repeated on a smaller scale in Montana. The lawless

elements assumed control, and for many months neither life nor

property was safe. Indeed, for a time the community was in a

state of blockade ; no one with money in his possession could get

out of the Territory. Finally, the citizens organized a " Vigilance

Committee " for self-preservarion, took the offensive, and after a

short sharp struggle rid the community of its disturbing elements.

After tho exhaustion of the placers, the population decreased, owing

to the migration of t'he floating mining class ; but their place was soon
taken by more permanent settlers. \H. G*.

)

MONTANISM is a somewhat misleading name for the

movement in the 2d century which, along with Gnos-

ticism, occupied the most critical period in the history of

the early church. It was the overthrow of Gnosticism and
Montanism that made the " Catholic " church. The credit

of first discerning the true significance of the ^lontanistic

movement belongs to Ritschl.'

In this article an account will be given of the general

significance of Montanism in relation tb the history of tl;o

church in the 2d century, followed by a sketch of it's origin,

development, and decline.

1. From the middle of the 2d century a change began

to take place in the outward circumstaiices of Christianity.

The Christian faith had hitherto been maintained in

a few small congregations scattered over the Roman em-

pire. These congregations were provided with only tlie

most indispensable constitutional forms, 'neither stricter

nor more numerous than were required by a religious

bond resting on supernatural expectations, strict discipline,

and brotherly love (" Corpus sumus de conscientia re-

ligionis, de unitate discipUnae, de spei foedere "). This

state of things passed away. The churches soon found
numbers TTithin their pale who stood in need of super-

vision, instruction, and regular control. The enthusiasm

for a lif& of holiness and separation from the world,

the eager outlook for the end of the world, the glad

surrender to the gospel message, were no longer the

influences by which all minds were swayed. In many
cases sober convictions or submissive assent supplied the

want of spontaneous enthusiasm. There were many who
did not become, but who were, and therefore remained.

Christians,—too powerfully attracted by Christianity to

abandon it, and yet not powerfully enough to have

adopted it for themselves. Then, in addition to this,

social distinctions asserted themselves amongst the breth-

ren. Christians were already found in all ranks and
occupations—in the imperial palace, among the officials,

in the abodes of labour and the halls of learning, amongst
slaves and freemen. Were all these to be left in their

callings '\ Should the church take the decisive step into

the world, consent to its arrangements, conform to its

customs, acknowledge as far as possible its authorities,

and satisfy its requirements ! Or ought she, on the other

hand, to remain, as she had been at first, a society of

religious devotees, separated and shut out from the world

by a rigorous discipline and working on it only through

a direct propaganda? This was the dilemma that the

church had to face in the second half of the 2d century :

either she must commence a world-wide mission in the

comprehensive sense by an effective entrance into Eoman
society—renouncing, of course, her original peculiarities and
exclusiveness ; br, retaining these peculiarities and clinging

to the old modes of life, she must remain a small insigni-

ficant sect, barely intelligible to one man in a thousand,

and utterly incapable of saving and educating nations.

That this was the que.stion at issue ought to be obvious

enough to- us now, although it could not be clearly per-

ceived at the time. It was natural that warning voices

should then be raised in the church against secular

tendencies, that the well-known counsels about the imita-

tion of Christ should be held up in their literal strictnes.'*

before worldly Christians, that demands should be made for

a restoration of the old discipline and severity, and for a

return to apostolic simplicity and purity. The church as a

whole, however, under pressure of circumstances rather than

by a spontaneous impulse, decided othenvise. She marclied

through the open door into the Eoman state, and settled

' Entilehvnj der AltkalhoUadien Kirclie. 2ded., Bonn, 1657.
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down there for a long career of activity, to Christianize the

state along all its thoroughfares by imparting to it the word
of the gospel, but at the same time leaving it everything ex-

cept its gods. On the other hand, she furnished herself with

everything of value that could be taken over from the world
without overstraining the elastic structure of the organiza-

tion which she now adopted. With the aid of its philosophy

she created her new Christian theology; its polity furnished

her with the most exact constitutional forms; its juris-

prudence, its trade and commerce, its art and industry,

were all taken into her service ; and she contrived to borrow

some hints even from its religious worship. Thus we find

the church in the 3d century endowed with all the resources

which the state and its culture had to offer, entering into

all the relationships of life, and ready for any compromise
which did not affect the confession of her faith. With
this equipment she undertook, and carried through, a world-

mission on a grand scale. But what of those believers of

the old school who protested in the name of the gospel

against this secular church, and who wished to gather

together a people prepared for their God regardless alike

of numbers and circumstances? Why, they joined an
enthusiastic movement which bad originated amongst a

small circle in a remote province, and had at first a merely

local importance. There, in Phrygia, the cry for a strict

Christian life was reinforced by the belief in a new and
final outpouring of the Spirit,—a coincidence which has

been observed elsewhere in church history, as, for instance,

in the Irvingite movement. The wish was, as usual, father

to the thought; and thus societies of "spiritual" Christians

were formed, which served, especially in times of persecu-

tion, as rallying-.point3 for all those, far and near, who
sighed for the end of the world and the excesstcs e sxculo,

and who wished in these last days to lead a holy life.

These zealots hailed the appearance of the Paraclete in

Phrygia, and surrendered themselves to his giiidance. In
so doing, however, they had to withdraw from the church,

to be known as " Montanists," or " Kataphrygians," and
thus to assume the character of a sect. Their enthusiasm
and their prophesyings were denounced as demoniacal

;

their expectation of a glorious earthly kingdom of Christ

was stigmatized as Jewish, their passion for martyrdrfm
as vainglorious, and their whole conduct as hypocritical.

Nor did they escape the more serious imputation of heresy

on important articles of faith ; indeed, there was a disposi-

tion to put them on the same level with the Gnostics.

The effect on themselves was what usually follows in such

circumstances. After their separation from the church,

they became narrower and pettier in their conception of

Christianity. The strict rules of conduct which in a former

age had been the genuine issue of high-strung religious

emotion were now relied on as its source. Their asceticism

degenerated into legalism, their claim to a monopoly of

pure Christianity made them arrogant. As for the popular

religion of the larger church, they scorned it as an adulter-

ated, manipulated Christianity. But these views found
very little acceptance in the 3d century, and in the corurse

of the 4th they died out. Regardless of the scruples of

her most conscientious members, and driving the most
earnest Christians into secession and the conventicle, the

church went on to prosecute her great mission in the

world. And before she was able, as church of the state

and of the empire, to call in the aid of the civil power to

."tuppress lier adver^ries the Montanistic conventicles were

almost extinct.

2. Such is, in brief, the position occupied by Montanism
in the history of the ancient church. The rise and progress

of the movement were as follows.

At the close of the reign of Antonin'oa Pitis—probably

in the year 156 (Epiphanius)— Montaims appeared at

Ardaban in Phrygia, bringing revelations of the " Spirit

"

to Christendom. It is unnecessary to seek an explanation

of his appearance in the peculiarities of the Phrygian'

temperament. The Christian churches had always held

that prophecy was to be continued till the return of Christ,

although, as a matter of fact, prophets had not been parti-'

cularly numerous. Montanus claimed to have a prophetic'

calling in the very same sense as Agabus, Judas, Silas, the*

daughters of Philip, Quadratus, and Ammia, or as Hermas
at Rome. At a later time, when the validity of the Mon-
tanistic prophecy was' called in question in the interest of

the church, the adherents of the new movement appealed

explicitly to a sort of prophetic succession, in which their

prophets had received the same gift which the daughters

of Philip, for example, had exercised in that very country

of Phrygia. The burden of the new prophecy was a more
exacting standard of moral obligations, especially with
regard to marriage, fasting, and martyrdom. But Mon-
tanus had larger schemes in view. He wished to organize

a special community of true Christians to wait for the

coming of their Lord. The small Phrygian towns of

Pepuza and Tymion were selected as the headquarters
— the Jerusalem, as the prophet called them— of his

church. He spared no effort to accomplish this union of

believers. Funds were raised for the new organization,

and from these the leaders and missionaries, who were to

have nothing to do vrith worldly life, drew their pay. But
the ecstasy of the prophet did not prove so contagious as

his preaching. Only two women, Prisca and Mazimilla,

were moved by the Spirit ; like Montanus, they uttered in

a state of frenzy the commands of the Spirit, which spoke

through them sometimes as God the Father, sometimes as

the Son, and urged men to a strict and holy life. This

does not mean that visions and significant dreams may not

have been of frequent occurrence in Montanistic circles.

But, as chosen and permanent organs of the Paraclete, only

three persons were recognized—Montanus, Prisca, and

Maximilla ; by their side, however, Alcibiades and Theo-

dotus, from a very early date, played an active part as

missionaries and organizers.

For twenty years this agitation appears to have been

confined to Phrygia and the neighbouring provinces.

How could it be otherwise? To assemble the whole of

Christendom at Pepuza was a rather impracticable pro-

posaL But after the year 177 a persecution of Christians,

from some unexplained causes, broke out simultaneously

in many provinces of the empire. Now in these days

every persecution was regarded as the beginning of the

end. It quickened the conscience, and gave more strength

to eschatological hopes ; it was a call to observe the signs

of the times and the intimations of God's presence. It

would seem that before this time Montanus had disappeared

from the scene ; but Maximilla, and probably also Prisca,

were working with redoubled energy. And now, through-

out the pr6vinces of Asia Minor, in Rome, and even in

Gaul, amidst the raging of persecution, attention was
attracted to this remarkable movement. The desire for a

sharper exercise of discipline, and a more decided renuncia-

tion of the world, combined with a craving for some plain

indication of God's will in these last critical times, had
prepared many minds for an eager acceptance of the

tidings from Phrygia. There the Spirit, whom Christ had

promised to His disciples, had begun His work ; there, at

least, there were holy Christians and joyful martyrs. The
oracles of the Phrygian prophets became household words

in distant churches, and it was always the more seriotis-

minded who received them with undisguised sympathy.

And thus, within the large congregations where there was
so much that was open to censure in doctrine and con-

stitution and morals, conventicles were formed in order
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that Christians might prepare themselves by strict discipline

for the day of the Lord.

Meanwhile in Phrygia and its neighbourhood—especially

in Galatia, and also in Thrace—a controversy was raging

between the adherents and the opponents of the new
prophecy. Between 150 and 176 the authority of the

episcopate had been immensely strengthened, and along

with it a settled order had been introduced into the

churches. It need hardly be said that, as a rule, the

bishops were the most resolute enemies of the Montanistic

enthusiasm. It disturbed the peace and order of the con-

gregations, and threatened their safety. Moreover, it

made demands on individual Christians such as very few
could comply with. But the disputation which Bishops
Zoticus of Cumana and Julian of Apamea arranged with
Maximilla and her following turned out most disastrously

for its promoters. The " spirit " of Slaximilla gained a

signal victory, a certain Themison in particular having
reduced the bishops to silence. Sotas bishop of Anchialus
attempted to refute Prisca, but with no better success;

he too had to retire from the field in disgrace. These
proceedings were never forgotten in Asia Minor, and the

report of them spread far and wide. In after times the

only way in which .the discomfiture of the bishops could

be explained was by asserting' that they had been silenced

by fraud or violence. This was the commencement of the

excommunication or secession, whichever it may have
been, of the Montanists in Asia Minor. " I am pursued

like a wolf," exclaimed the spirit that spoke through

Maximilla ; and her admonitions about the end became
more emphatic than ever •—" After me there will come
no other prophetess, but the end." Not only did an

extreme party arise in Asia Minor rejecting all prophecy
and the Apocalypse of John along with it, but the majority

of the churches and bishops in that district appear

(c. 178) to have broken off all fellowship with the new
prophets, while books were written to show that the very

form of the Montanistic prophecy was sufficient proof of

its spuriousness.'

In Gaul and Rome the prospects of Montanism seemed
for a while more favourable. The confessors of the Galilean

Church were of opinion that communion ought to be

maintained with the zealots of Asia and Phrygia ; and
they addressed a letter to this effect to the Roman bishop,

Eleutherus. AVhether this is the bishop of whom Ter-

tullian {^Adv. Prax., 1) relates that he was on the point of

making peace with the churches of Asia and Phrj'gia

—

i.e., the Montanistic communities—is not certain ; it was
either he or his successor Victor. It is certain, at any-

rate, that there was a momentary vacillation, even in

Rome. Nor is this to be wondered at. The events in

Phrygia could not appear new and unprecedented to the

Roman Church. If we may believe Tertullian, it was
Praxeas of Asia Minor, the relentless ^oe of Montanism,
who succeeded in persuading the Roman bishop to with-

hold his letters of conciliation.

Early in the last decade of the 2d century two consider-

able works appeared in Asia Minor against the Kataphry-
gians. The first, by a bishop or presbyter whose name is

not known, is addressed to Abircius bishop of Hierapolis,

and was written in the fourteenth year after the death
of Maximilla, i.e., .apparently about the year 193. The
other was written by a certain ApoUonius forty years

after, the appearance of Montanus, consequently about

196. From these treatises we learn that the adherents of

the new prophecy were very numerous in Phrygia, Asia,

and Galatia (Ancyra), that they had tried to defend them-

' Miltiades, -jrepl too ixij Suv irporp^rTjv iv iKardaei XaXeii'. At
the same time as Miltiades, if not earlier, ApoUinarifl of Hierapolis
also wrote against tbe MoutauisU

selves in writing from the charges brought against them

(by Miltiades), that they possessed a fully -developed

independent organization, that they, could boast of many
martyrs, and that they were still formidable to the church

in Asia Miaor. Many of the small congregations had

gone completely over to Montanism, although in large

towns, like Ephesus, the opposite party maintained the

ascendency. Every bond of intercourse was broken, and

in the Catholic churches the worst calumnies were retailed

about the deceased prophets and the leaders of the societies

they had founded.

Tn many churches outside of Asia Minor a different

state of matters prevailed. Those who accepted the

message of the new prophecy did not at once leave the

Catholic Church in a body. They simply formed small

conventicles within the church ; in many instances, indeed,

their belief in the new prophecy may have remained a

private opinion which did not affect their position as

members of the larger congregation. Such, for example,

appears to have been the case in Carthage (if we may
judge from the Acts of the martyrs Perpetua and Felicitas)

at the commencement of the persecution of Septimius

Severus about the year 202. But even here it was
impossible that an open rupture should be indefinitely

postponed. The bishops and their flocks gave offence to

the spiritualists on so many points that at last it could

be endured no longer. The latter wished for more fasting,

the prohibition of second marriages, a frank, courageoiis

profession of Christianity in daily Ufe, and entire separa-

tion from the world ; the bishops, on the other hand,

sought in every way to make it as easy as possible to be a

Christian, lest they should lose the greater part of their

congregations. The spiritualists would have excluded

from the church every one who had been guilty of mortal

sin ; the bishops were at that time speciaUy anxipus to

relax the stringency of the old disciplinary laws. And
lastly, the bishops were compelled more and more to

take the control of discipline into their own hands; while

the spiritualists, appesding to the old principle that God
alone can remit or retain sins, insisted that God Himself

—

i.e., the Spirit—was the sole judge in the congregation,

and that therefore all proceedings must be conducted

according to the directions of the prophets. On this point

especially a conflict was inevitable. It is true that there

was no rivalry between the new organization and the old,

as in Asia aiid Phrygia, for the Western Montanists

recognized in its main features the Catholic organization

as it had been developed in the contest with Gnosticism
;

but the demand that the "organs of the Spirit" should

direct the whole discipline of the congregation contained

implicitly a protest against the actual constitution of the

church. Even before this latent antagonism was made
plain, there were inany minor matters which were sufficient

to precipitate a rupture in particular congregations. In

Carthage, for example, it would appear that the breach

between the Catholic Church and the Montanistic con-

venticle was caused by a disagreement on the question

whether or not virgins ought to be veiled. For nearly

five years (202-207) the Cartha.E^ian Montanists strove.

to remain within the church, which was as dear to themi

as it was to their opponents. But at length they quitted

it, and formed a congregation of their own, declaring that

the Catholic Church was henceforth only a body of

" psychic " Christians, because she would not acknowledge

the Spirit whom God bad at last poured out on His people.

It was at this juncture that Tertullian, the most famous

theologian of the West, left the church of which he had

been the most loyal son and the most powerful supporter,

and whose caxise ho had so manfully upheld against pagans

and heretics. He too had come to the conviction that the
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churcli at large was given over to worldliness, that she

had forsaken the old paths and entered on a way that

miist lead to destruction. The writings of Tertullian

afford the clearest demonstration that what is called Mon-
taoism was a reaction against secularism in the church,

and an effort to conserve the privileges of primitive Chris-

tianity. At the same time, they show no less clearly that

Montanism in Carthage was a very different thing from

the Montanism of Montanus. Western Montanism, at

the beginning of the 3d century, admitted the legitimacy

of almost every point of the Catholic system. It allowed

that the bishops were the successore of the apostles, that

the Catholic rule of faith was a complete and authoritative

exposition of Christianity, and that the New Testament vras

the supreme rule of the Christian life. How, then, one may
well ask, was it possible to separate from the Catholic

Church? On what ground could the separation be justi-

fied ? How could it be said that a new era of the Spirit

had come in when the Spirit had already given aU neces-

sary instructions in the.Scriptures of the New Testament 1

And what claim could be thought to exceed the legitimate

rights of the successors of the apostles 1 Montanus himself

and his first disciples had been in quite a different position.

In his time there was no fixed, divinely-instituted congrega-

tional organization, no canon of New Testament Scriptures,

no anti-Gnostic theology, and no Catholic Church. There

were simply certain communities of believers bound to-

gether by a common hope, and by a free organization,

which might be modified to any required extent. When
Montanus proposed to summon all true Christians to Pepuza,

in order to live a holy life and prepare for the day of the

Lord, there was nothing whatever to prevent the execution

of his plan except the inertia and lukewarmness of Chris-

tendom. But this was not the case in the West at the

beginning of the 3d century. At Rome and Carthage,

and in all other places where sincere Montanists were

found, they were confronted by the imposing edifice of the

Catholic Church, and tbey had neither the courage nor the

inclination to undermine her sacred foundations. This

explains how the later Montanism never attained a posi-

tion of influence. In accepting, with slight reservations,

the results of the development which the church had

undergone during the fifty years from 160 to 210 it

reduced itself to the level of a sect. For, if the stand-

point of the Catholic Church is once acknowledged, then

Montanism is an innovation ; and if the canon of the New
Testament is accepted the doctrine of a new era of the

Spirii, is heresy. Tertullian exhausted the resources of

dialectic in the endeavour to define and vindicate the

relation of the spiritualists to the " psychic " Christians

;

but no one will say he has succeeded in clearing the Mon-

tanistic position of its fundamental inconsistency.

Qf the later history of Montanism very little is known.

But it is at least a significant fact that prophecy could

not be resuscitated. Montanus, Prisca, and Maximiila were

always recognized as the inspired authorities. At rare

intervals a vision might perhaps be vouchsafed to some

Montanistic old woman, or a brother might now and then

have a di-eam that seemed to be of supernatural origin

;

but the overmastering power of religious enthusiasm was a

thing of which the Montanists knew as little as the Catho-

lics. Their discipline was attended with equally disap-

pointing results. In place of an intense moral earnestness

binding itself by its own strict laws, we find in Tertullian

a legal casuistry, a finical morality, from which no good

could ever come. It was only in the land of its nativity

that Montanism held its ground till the 4th century. It

maintained itself there in a number of close communities,

probably in places where no Catholic congregation had

been formed ; and to these the Novatians at a later period

attached themselves. In Carthage there existed down to

the "year 400 a sect called Tertullianists ; and in their

comparatively late survival we have a striking testimony

to the influence of the great Carthaginian teacher. On
doctrinal questions there was no real difference between

the Catholics and the Montanists. The early Montanists

(the prophets themselves) used expressions which seem

to indicate a Monarchian conception of the person of

Christ. After the close of the 2d century we find two

sections amongst the Western Montanists, just as amongst

the Western Catholics,—there were some who adopted the

Logos-Christology, and others who remained Monarchians.
Sources.—The materials for the history of Montanism, although

plentiful, are fragmentary, and require a good deal of critical

sifting. Theymay be divided into four groups. (1) The utterances

of Montanus, Prisca, and Maximiila* are our most important sources,

but unfortunately they consist of only twenty-one short sayings.

(2) The works written by Tertullian after he became a Montanist

furnish the most copious information,—not, however, about the

first stages of the movement, but only about its later phase, after

the Catholic Church was established. (3) The oldest polemical

works of the 2d century, extracts from which have been preserved,

especially by Eusebius (Hist. Eccles., bk. v.), form the next group.

These must be osed with, the utmost caution, because even the

earliest orthodox writers give currency to many misconceptions and
calumnies. (4) The later fists of heretics, and the casual notices

of church fathers from the 3d to the 5th century, though not con-

taining much that is of value, yet contain a little.'

Literature.—Ritschl's investigations, referred to above, super-

sede the older works of Tillemont, Wemsdorf, Mosheim, Walch,
Neander, Baur, and Schwegler {Der Montanismus und die christ-

liche Kirchedes2icn JahrhundcrtSiTiiUngenilSil). The later works,

of which the best and most exhaustive is that of Bonwetsch, Die

Oeschichle des Ifontanismus, 1881, all follow the lines laid down by
Eitschl. See also, Gottwald, De Montanismo Tertulliani, 1862 ;

R^ville, "Tertullien et le Montanisme " in the Revue des Deux Afondea,

Ist November 1864 ; Stroelin, £ssai sur le Montanisme, 1870 ; De
Soyres, Montanism, and the Primitive Church, London, 1878 ; W.
Cunningham, The Churches of Asia, London, 1880 ; Renan, "Les
Crises du Catholicisme Naissant" in Hev. d. Deux Mondes, 15th Feb-

ruary 1881; MbUer, art. "Montanismus" in Herzog's Theol.

Realenqjklop., 2d ed. Special points of importance in the history ot

Montanism have been quite recently inv,estigated by Lipsius, Over-

beck, Weizsacker (TAeoZ. Lit.-Zeitung, Nr. 4, 1882), and Haraack
{Das Mimchthum, seine Idcale und seine Geschichle, 2d ed., 1882, and
Z. f. Kircheng., iiL pp. 369-408). Weizsacker's short essays are

extremely valuable, and have elucidated several important points

hitherto overlooked. (A. HA.)

MONTAEGIS, chief town of an arrondissement in the

department of Loiret, France, lies 40 miles east-north-east

of Orleans on the railway from Paris to Lyons. Traversed

by the Loing, Montargis belongs to the basin of the Seine,

but it communicates with the Loire by the Orleans and
the Briare canals. It has a fine church (Ste Magdelaine),

dating in part from the 12 th century, a miiseum, and a

public library ; and it still preserves portions of its once

magnificent castle, which was capable of containing 6000
men, and, previous to the erection of Fontainebleau, was so

favourite a residence of the royal family that it acquired the

title of " Berceau des Enfans de la France." Paper-making

(introduced in the beginning of the 18th century) and

several other considerable industries are carried on. The
population of both commune and town was 9175 in 1876.

Montargis (Mons Argi or Algi, M. Arginus, Montargium) was
formerly tie capital of the Gatinais (Pagtis VastinenMs). Having
passed in 1188 from the Courtenai family to Philip Augustus, it

long formed part of the royal domain. In 1528 Francis I. mortgaged

town, castle, and forest (this last a tract of great value) to Renee

d'Este, daughter of Louis XIL, the famous Huguenot princess ; and

in 1570 Charles IX. gave them in full property to her daughterAnne,

through whom they descended to the dukes of Guise, but they were

repurchased for the cro^Ti in 1612. Montargis was several times

taken or attacked by the English in the 15th century, and is parti-

cularly proud of the successful defence it made in 1427. Both Charles

VII. and Charles VIII. held court in the town ; it was the latterwho

set the famous Dog of Montargis to fight a duel with his master's

mtirderer whom he nad tracked and captured.

' Collected by Miinter, and by Bonwetsch, Oeschichi' dea Montan-

ismus, p. 197 sq.

' On the sources, see Bonwetsch, pp. 16-55.^
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MOXTAUBAN, chief town of the department of Tarn-

et-Garonne, France, is situated on a slight eminence be-

tween the right bank of the Tarn and its tributary streams

the Tescou and Lagarrigue, 128 miles by rail east-south-

east of Bordeaux. It is connected with the suburb of

ViUe-Bourbon on the left bank of the Tarn by a remark-

able brick bridge of the 14th century, which is 672 feet

in length, and consists of seven pointed arches resting on
piers, themselves pierced by pointed arches. The cathe-

dxal, built in 1739, contains the Vow of Lovus XIIL, one

of the finest paintings of Ingres, a native of Montauban,
and at the end of the Carmelite walk a monument was
erected to his memory in 1871. In the town-house, once

occupied as a palace by the counts of Toulouse and by
the Black Prince, are the paintings bequeathed by Ingres,

an archaeological collection, and a very curious library

containing the bequests of several celebrated collectors.

Montauban possesses a Protestant theological college. The
town has some trade in corn, wine, and grapes. The manu-
facture of corn-dressers, coarse cloth, pens, and earthen

and china ware are the principal industries ; and there

are also corn and woollen mills. The population in 1881
was 28,335.
Montauban was only a village in the time of the Romans. In

the 8th century a monastery was founded there by the Benedictines,
who exercised lordship over the neighbouring population. A
considerable impetus was in the 1 2th century given to its prospeiity
by a decree of the counts of Toulouse offering freedom to all serfs

taking up their residence in the town. Montauban was twice
besieged by Simon de Montfort in the Albigensian wars, and was
sacked in 1207. By the treaty of Bretigny (1360) it was ceded
to the English ; but shortly afterwards they were expelled by the
inhabitants. In 1560 the bishops and magistrates embraced Pro-
testantism, expelled the monks, and demolished the cathedral.

About ten years later it became one of the Huguenot strongholds,
and formed a small independent republic. It was the headquarters
of the Huguenot rebellion of 1621, and was vainly besieged by Louis
XIII. for eighty-six days ; nor did it submit until after the fall

of Rochelle in 1629, when its fortifications were destroyed by
Richelieu. In the same year the plague cut off over 6000 of its

inhabitants.

.

MONTBELIAED, chief town of an arrondLssemeht in the

department of Doubs, France, is situated 1020 feet above
the sea at the confluence of the Allaine and the Lusine,

tributaries of the Doubs, and on the canal between the
Rhine and the Rhone, about 40 miles north-east of Besangon.
Once a fortified city, it still retains the old castle of the
counts of Montb61iard. A bronze statue of Cuvier, the
most illustrious native of Montb61iard, and several fine foun-

tains adorn the town, which also possesses a museum of

natural history and antiquities, and a Protestant normal
school. Since 1870 a considerable impetus has been given
to its prosperity by the arrival of Alsatian immigrants.
The industries embrace watchmaking, the manufacture of

graving tools, iron wire, files, watch-springs, and pumps,
cotton spinning and weaving, printing, and tanning. The
chief exports are cheese, leather, and wood. The popu-
lation in 1881 was 8784, of which tie great majority were
Protestants.

After belonging to the Burgundians and Franks, Montbeliard
was, by the treaty of Verdun (843), added to Lorraine. In the 11th
century it became the capital of a couutship, which formed part of
the second kingdom of Burgundy, .",nd latterly of the German
empire. From the end of the 14th century until 1793 it belonged to
the house of Wiirtemberg. It resisted the attacks of Charles the
Bold, King Louis XI I., and the duke of Guise, but was taken in 1676
by Marshal Luxembourg, who razed its fortifications. In 1871 the
battle of H^ricourt between the French and Germans had its com-
mencement within its walls.

MONT-DORE-LES-BAINS, a village of France in the

department of Puy de Dome, 17 miles as the crow flies

south-weat of Clermont Ferrand, 3432 feet above the sea,

on the right bank of the Dordogne not far from its source.

The Monts Dore, from which it takes its name, close the

valley towards the south ; their culminating peak, Puy de

Sancy (6188 feet), is the highest eminence of central France.

The mineral springs of Mont Dore were known to the

Romans. The eight now used yield 94,600 gallons in

twenty-four hours. Bicarbonate of soda, iron, and arsenic

are the principal ingredients of the water ; to the two last

it owes its efficacy in cases of pulmonary consumption,

bronchitis, asthma, and nervous and rheumatic paralysis.

From the elevation and exposure of the valley, which
opens to the north and runs up towards mountains never

quite free from snow, the climate of Mont-Dore-les-Bains

is severe, and the season is consequently short. About
5000 patients visit the place between 15th June and 15th

September, when a casino and theatre are opened. The
chief building is the solid but sombre bath-house (hot

baths). The surrounding country, with its fir woods,

pastures, waterfalls, and mountains, is very attractive. In

the " park " at Mont-Dore-les-Bains, which forms a little

promenade along the Dordogne, relics from the old Roman
baths have been collected, but the ancient establishment

must have been on a larger scale than the present one. A
pantheon erected about the time of Augustus existed till

the 16th century. The population in 1881 was 1438.

MONTE CARLO. See Monaco.
MONTE CASINO (or Cassino). The Benedictine

monastery known as the abbey of Monte Cassino is a huge
square building of three stories, built on the usual Benedict-

ine plan (see Abbey) on the summit of a picturesque isolated

hiU, about 3| miles to the north-east of the town of Cassino

(Casinum) or San Germano (population about 5000), which
lies midway between Rome and l\[aples m the valley of the

Garigliano. The most prominent architectural feature is

the large church (1727), richly decorated in the interior with
marbles, mosaics, and paintings. The library and archivio

have been spoken of elsewhere (vol. xiv. pp. 531, 548).
The date of Benedict's withdrawal from Subiaeo to Cassino is

529. At that time Cassino was the site of a temple of Apollo and
of a grove sacred to Venus. The result of the saint's preaching was
that the natives demolished both, chapels to St Martin and John
the Baptist being built in their stead, while farther up the hill a
monastery began to rise. About 589 the monks were driven from
it to Rome by the Lombards of Beneveni,o, and it lay waste for

more than a century, until resuscitated by Gregory II. (719). In

787 it received fresh privileges from Charlemagne ; in 884 it was
burnt by the Saracens, and was not restored until about seventy
years later. From 1322 to 1366 the abbot held ^episcopal rank;
under the house of Anjou he bore the title of Abbas abbcUum, and
ranked as first baron of the realm. In 1504 the abbey was sacked
by the troops of Gonzalo de Cordova. In 1866 it shared the fate

of all other religious houses in Italy ; it is now inhabited by a few
monks, and used as a seminary, having about 200 pupils.

MONTECUCULI, Raimonbo, Cowt of (1608-1680),

a prince of the empire and duke of Melfi, a famous Austrian

general, was born at the castle of Montecuculi in Modena,
in 1608. At the age of nineteen he began his career in a

regiment of infantry under his uncle, Ernest, cotmt of

Montecuculi ; and during the Thirty Years' War he found

many opportunities of displajang his military genius in the

imperial service. In 1631, having been severely wounded,
he was made prisoner while retreating after the battle of

Breitenfeld. Soon after his release he was promoted to the

rank of major ; and he distinguished himself at the siege

of Nordlingen in 1634, and at the storming of Kaiserslautem

in 1635. As colonel, he took part in much hard fighting

in Pomerania and in Bohemia; and in 1639 at Melnik,

where he tried to prevent the Swedes from crossing the

Elbe, he was taken prisoner a second time, being compelled

on this occasion to spend more than two years in Stettin.

The time was not lost, for he devoted it to a thorough study

of military science. In 1642 he was again at work in the

imperial army, and for eminent services in Silesia he was
made a major-general of cavalry. After a brief visit to

Italy, during which he entered the service of the duke of

Modena, he returned to Germany, and became councillor
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of nar in 1644. In the following year lie supiiorted the

archduke Leoiiold in a campaign against Prince Rakoczy

of Transylvania, resisted "ilarshal Turenne in the Rhine

country, and fought with ^lie Swedes in Silesia and Bohemia.

The victory at Triebel in Silesia, in 1G47, was due chiefly

to him, and he was rewarded by being raised to the rank

of general of cavalry. After the peace of Westphalia in

1646 he occupied himself for some time with the work of

the council of war ; and in lG-54 he undertook diplomatic

missions to Christina, queen of Sweden, and to Cromwell.

In 16.37 he commanded an expedition against Prince

Kakoczy and the Swedes, who had attacked the king of

Poland, and Rakoczy was soon forced to wdtiidraw from

the Swedish alliance, and to accept terms of peace. As
field-marshal he was sent to the aid of Denmark against

Sweden ; and this war he conducted so successfully that

the peace of Oliva was concluded in 1660. In 1663 he

resigned' 'the command of an army -with which, for about

three years, he had been opposing the Turks ; but in 1664

he was again made commander-in-chief, and in the same

year he defeated the Turks so decisively near the abbey of

St Gotthard that they concluded an armistice for twenty

years. He had to deal with more formidable enemies in

1672, when, the emperor and the imperial diet having

resolved to uphold the Dutch against Louis XIV., >[onte-

cuculi, who had been serving as president of the council of

war and director of artillery, was appointed commander of

the imperial forces. He took Bonn, and, although closely

watched by Turenne, contrived to effect a junction with

the prince of Orange, thereby overthrowing all the calcula-

tions of the French. AVhen the elector of Brandenburg

received the supreme command in 1674 Jlontecuculi with-

drew from the army; but in 1675, being restored to his

former position, he resumed operations against Turenne.

The two commanders manoeuvred so brilliantly that for

about four months neither could do the other much injury;

but, Turenne having been killed bya cannon-ball on the 27th

of July 1675, Montecuculi pursued the French into Alsace,

and besieged Hagenau and Zabern, retiring from Alsace only

when he found himself confronted by Cond6. Montecuouli's

last achievement in war was the siege of Philippsburg.

During the rest of his life he was president of the council

of war. In 1679 the emperor Leopold made him a prince

of the empire, and shortly afterwards he received from the

king of Naples the dukedom of Melli. Having accompanied

the emperor to Linz during the pestUence, he was injured

Sy the fall of a beam when entering the castle, and died at

Linz on the 16th of October 1680.
Montecuculi was an ardent lover oE science, ami wrote several

mportant military works. The Opcre compUle di Montecuculi were

published in two volumes, at Milan in 1807, at Turin in 1821 f and

there is a German translation (1736) of his ilemorie della gucrra cd

isiruzicmi d'un gcnerale.

See Campori, Raimondo ifonUcuculi, la sita famiglta e i suoi tempi (1877).

MONTELEONE (usually called Monteleone of Cala-

bria to distinguish it from Monteleone of Apidia in the

province of Avellino, which gave its name to the mediaeval

duchy of the Pignatelli family) is a city of Italy in the

province of Catanzaro, on the western side of the Bruttian

peninsula, and is beautifully situated on an eminence gently

sloping towards the gulf of Sta Eufemia. It was almost

totally destroyed by earthquake in 1783, and for many
years afterwards consisted mairdy of slight wooden erec-

tions, but under the French occupration it was made the

capital of a province and the headquarters of General

Regnier, and it is now a well-built town. The castle was
built by Roger,- count of Sicily, whom tradition accuses of

carrying off the ruins of the ancient temple of Proserpine

to the cathedral of Mileto. The population of the town
was 9244 m ISll, that of the commune 10,262 in 1861
aiid 12,047 in 1881.

Monteleone is identified with the ancient Hipponinm, a Greek

city first mentioned in 389 B.C., when its inhabitants were removed

to Syracuse by Dionysius. Restored by the Carthaginians (356),

held for a time by Agathocles of Syracuse (294), and afterwards

occupied by the Bruttians, Hipponium ultimately became as Yibo

Valentia a flourishing Roman colony. The harbour established

by Agathocles proved of great service as a naval stati. to Ciesar

and Octavius in their wars mih Pompeius Magnus and Sextus

Pompeius, and remains of its massive mason-work still exist at tho

village of Bivona on the coast. In the town itself there are no

traces of antiquity beyond a mosaic p.avement in the church of St

Leoluca (patrou saint of Monteleone) and one or two Latin inscrip-

tions.

MONTELIJIAR, chief town of an arrondissement and

canton in the department of Drome, France, is situated

near the left bank of the Rhone, 93 miles south of Lyons

on the railway to Marseilles. The waters of the Roubion

and Jabron, which unite at Montehmar, spread fertility over

the plains surrounding the town. A well-planted park

separates the town from the station, but within the four

gates that still remain the streets are narrow and unin-

viting. The ancient castle, one of the most interesting

military remains of central France, is now used as a

prison. Silk throwing and spinning, and the manufacture

of flowered silks and of hats, are the principal industries

;

there are also foundries, tool-shops, and tanneries, and

agricultural implements and hydraidic lime are made.

Montelimar is famed for its nougat, a cake composed of

almonds and honey. The population of the town in 1881

was 12,894.
Montelimar was called by the Romans ^cusium. At a later

period it belonged to the family of Aymar or.'Adhemar, whence its

present name. After coming into the possession of the counts of

Valentinois, and then of the dauphins of Viennois, it was united

by Louis XL to the crown of France. It frequently changed

hands during the religious wars, and, although it resisted Coligny,

it was taken in 1589 by Lesdiguieres.

MONTENEGRO, often pronounced and sometimes

written JIonteneeo (Montenegrin, i.e., Servian, Cmagora,

Russian Tchernogoriya, and Turkish Karadagh, all equi-

valent to Black Mountain), one of the smallest of Euro-

pean countries, lies on the eastern side of the Adriatic,

and is bounded by Dalmatia, Herzegovina, Bosnia, and

Albania. Previous to 1878 it had an area variously esti-

mated at 1669 square miles (Kaptsevitch), 1711 (Kiepert),

and, including the Kutchi territory, 1796 (Behm). The

enlargement to about 5272 square miles proposed by the San

Stefano treaty (1878) wordd probably have swamped the

ilontenegrin nationality, and the Berlin congress brought

the total area only up to 3680 miles, or almost exactly half

the size of Wales. ^

Apart from her new maritime district, Montenegyo seems

' Since 1870 several rectifications of frontier and exchanges of

territory have been arranged between Montenegro and Turkey, bat

these have left the area practically undisturbed. AU the figures are

approximate estimates, as the only geodetic survey of the country,

carried out by Russian officers, is still (1883) in progress. The old

frontier line had the great disadvantage to the Montenegrins of leaving

the fortress of Niksitch in the north-west, and that of Spuzh in the

south-east in the hands of the Turks, who thus commanded the valley

of the Zeta, and strategically almost cut the country in two, the distance

from the frontier near Niksitch to the frontier near Spuzh being only

some 15 miles. The present frontier includes not only these strong-

holds, but also those of Podgoritza, Zhabliak (Jablac), and Lescndra,

a great part of Lake Scutari, and the coast district with Antivari

and Dulcigno. To get access to the sea had long been the ambition

of Montenegro, which in her early days had possessed not only

Dulcigno but Durazzo, and had surrendered them to purchase from

Venice assistance in her struggle against the Turks. The Berlin con-

gress gave her the coast from Cape Maria to Cape Kruci or Kmtch,

but Spizza, the harbour to the north, was retained by Austria, and

Dulcigno, to the south, by Turkey. In the beginning of 1880, by the

Corti compromise, the Kutchi territory and the plain of Podgoritza

were accepted by Montenegro in lieu of Plava and Gussinye, assigned to

her by the congress ; but the exchange was deferred, and the tenns

ultimately modified by the congress so as to include Dulcigno ia

Montenegrin territory. The occupation of the distiict (November

1880) was only effected after a naval demonstration on Vhe part of the

^eat Dowers.
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Kttlfl" better .at first tlian a chaos of mountains, but on
closer- eiamination it appears that there are two distinct

groups, an eastern and a western, divided by the Zeta-
Moratcha valley. The loftiest summit is Dofmitor, 8146
feet high, in the new territory near the north frontier,

next come Kom Kutchi (8031), Kom Vassoyevitzki(7946),
and Dormitor Schlime (7936).' Had the original frontier

of the Berlin congress towards the south-east been retained
it -would have run along the still higher Prokletia range.
Many of the mountain-tops remain white with snow for
the greater part of the year, and from some of the dark
ravines the snow never disappears. The south-western
portion of the country consists of limestone, the north-
eastern mainly of Palceozoic sandstones and schists with
underlying trap.^ In their general aspect the two regions
are strikingly distinc*. The former seems, as it were, one
enormous mass of hard crystalline rock, bare and calcined,

•with its strata dipping to the south-west at an angle often
of 70 degrees. Its whole surface has been split by atmo-
spheric agencies into huge prismatic blocks, and the cracks

JSbvaVaivth

Map of Montenegro.

have been gradually worn into fissures several fathoms deep.

In some places the process has resulted in clusters of im-

mense sharp-pointed crags, the sides of which are furrowed

by rain-channels, while in others there are coun+less funnels

running down into the rock for 200 feet and more. In

like manner the interior of the mass is hollowed out into

immense galleries and caves, and during the rainy season

subterranean landslips frequently produce local earthquakes,

extending over an area of 10 or 12 miles. The sandstone

region, on the other hand, presents lofty but rounded

forms, clothed for the most part with virgin forest or rich

alpine pasture, broken here and there by dolomitic peaks.

' Bull.de.la Soc. de Glogr., Paris, 1881.
' Dr Tietze, whose full report was to appear in the Jahrh. der Reichsan-

stall for 1883, informed the writer that the existence of the following

formations in Montenegro has been clearly ascertained :—(1) Palieozoic

Bchists, (2) Wirfen strata of Lower Triae, (3) Trap of the Palajozoic

Vi-l Wirfen strata, (4) Triassic limestone, ^5) Jurassic limestone, (6)

Cretaceous limestone, (7) Flysch, in part certainly Eocene, and (8)

Neogenic or younger Tertiary lorniations. The existence of nummulitic
limestone is still doubtful.

The watershed bet>veen the Adriatic and the Black Sea
crosses the country from west to east in a \ ety irregular

line, the southern districts bting draHed by the Zeta-

Moratcha river system, which finds its way to the Adriatic

by Lake Scutari and the Boyanna, while the streains of

the northern districts form the head-waters of the Drina,

which reaches the Danube by way of the Save. The Zeta,

rising in Lake Slano, is remarkable for its subterranean

passage beneath a mountain range 1000 feet high. At a

place called Ponor the water plunges into a d ep chasm,

seeming almost to lose itself in foam, but at d distance of

several miles it reappears on the other side of th u mountains.

Its whole course to • its junction with the Moratcha is

about 30 miles. Kising in the Yavorye Flanina, the

Moratcha sweeps through the mountain gorges as ^ foam-

ing torrent till it reaches the plain of Podgoritza ; then,

for a space, it almost disappears among the pebbles and

other alluvial deposits, nor does it again show a current of

any considerable volume till it approaches Lake Scutari.

In the neighbourhood of Duklea ^ and Leskopolye it flows

through a precipitous ravine from 50 to 100 feet high.

In the dry season it is navigable to Zhabliak. The whole

course is about 60 miles. Of the left-hand tributaries of

the Moratcha the Sem or Tsievna deserves to be mentioned

for the magnificent canon through which it flows between

Sfost Taraarui and Dinosha. On the one side rise the

mountains of the Kutchi territory, on the other the

immense flanks of the Prokletia range,—the waUs of the

gorge varying from 2000 to 4000 feet of vertical height.

Lower do^vn the stream the rocky banks approach so

close that it is possible to leap across without trouble.

The Ryeka issues full-formed from an immense cave south-

east of Cettinye (Tsettinye) and falls into Lake Scutari.

The three -tributaries of the Drina which belong in part to

Montenegro are the Piva, the Tar£^ and, the Lim, respect-

ively 55, 95, and 140 mile? in length. The Tara forms

the northern boundary of the principality for more than 50
mUes, but the Lim leaves the country altogether after the

first 30 miles of its course. Great alterations have taken

place on Lake Scutari in recent times. The river Drin,

which previous to 1830 entered the Adriatic to the south

of Alesia near S. Giovanni di Medua, subsequently changed

its course so as to join the Boyanna just below its exit from

the lake ; one of the chief results has been to raise the

level of the lake, and so to flood the lower valleys of the

tributary streams. When the International Frontier Com-
mission was at Scutari in April 1879, the water stood 8 feet

deep in some of the principal streets, and the inundation

of city and suburbs lasted that year eight months. A few
small lakes are scattered among the mountains, and it is

evident that their number was formerly much greater. The
plain or hollow of Cettinye was doubtless filled with water

at no very distant (geological) date, and even now, wheii

the sudden rains cannot escape fast enough bythe ordinary

subterranean outlet, the royal village suffers from a- flood.

If the new territory be left out of view, there is but
little farming land in Montenegro ; the peasant is glad to

enclose and protect the veriest patches of fertile soil retained

by the hollows in the mountain sides, and one may see

" flourishing little crops not a yard square." " The largest

landed proprietor is the holder of 60 acres" (Denton,

Montenegro, p. 143); the other freehold estates vary from
2 to 20 acres, and it is usually not to the individual but
to the house or family that the ownership belongs. Woods
and pastures are the common property of the clan (pleme).

The people live in small stone-built cottages, grouped for

the most part in little villages, and their whole life is

. ' Duklea is the name still borne by the ruins of the Roman Doclea,
often, but wrongly, called Dioclea from its association with the familj;
of Diocletian.
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marked by extreme simplicity. Chastity Ls a national

artue, and in time of war the women and children of the

Turks' have often found their safest asylum among their

hereditary foes. The main stock of the people is of Servian

descent ; and, though the purity of both blood and language

has been to some extent affected by foreign elements, mostly

Albanian and Turkish, the national unity has not been im-

paired. The curious Gipsy colony, which, though speaking

Servian, never intermarries with the Montenegrins, is

numericallj' of little importance.i jhe great mass of the

people belong to the Orthodox Greek Church, only some

rOOO being Roman Catholics, and 3000 Mohammedans.

According to Kaptsevitch, the population was 10,700 in

1838, 120,000 in 1849, 124,000 in 1852, and 170,000 in

1877, but in 1879 it was found that, inclusive of the new

territory, the number co\ild not exceed 150,000; since then

about 15,000 have been added with Dulcigno. The official

returns for 188^ (not based on a census, however) give

236,000 as the total, of whom some 23,000 live in the

so-called towns.

Fauna.—Bears are still found in the higher forests, and wolves,

and especially foxes, over a much wider area. A. few chamois roam

on the loftiest summits, the roebuck is not infrequent in the

backwoods, the wild boar may be met with in the same district, and

the hare is abundant wherever the ground is covered with herbage.

There are one or .two species of snakes in the country, including tno

poisonous Illyrian viper. Esculent frogs, tree frogs, the common
tortoise, and various kinds of lizards are all common. The list of

birds observed by Baron Kaulbars includes golden eagles and vul-

tures, 12 species of falcons, several species of owls, nightingales, larks,

buntings, hoopoes, partridges, heron,"?, pehcans, ducks (10 species),

goatsuckers, kc. The abundance of fish in Lake Scutari and the

lower course of the Ryeka is extraordinary, the shoals of bleak (scor-

antza, Zeiicisciis albumus) that come up the river forming almost

solid masses. Both trout and salmon are caught in the Moratcha.

Flora.—The flora of Montenegro is comparatively scanty. In

the forest districts the beech is the prevailing tree up to a height

of 5000 or 5500 feet, and then its place is taken by the pine. The
chestnut forms httle groves in the country between the sea and

Lake Scutari, but never ascends more than 1000 feet, and the

olive also is mainly confined to the neighbourhood of the Adriatic.

Pomegranate bushes grow wild, and in many parts of the south

cover the foot of the hills with dense thickets, the rich blossoms of

which are one of the special charms of the spring landscape. Wheat,
rye, barley, maize, capsicums, and a Httle tobacco are grown in the

north, and in the south, vines, figs, peaches, apples, cherries, citi'ons,

oranges, &c. The potato, introduced in 1786, is cultivated con-

siderably beyond the local demand ; the planting of mulbeny trees

and the rearing of silk-wonns is of growing economical importance.

Towns.—Cettinte (j.u), with alxjut 2000 inhabitants, is the

capital of the country. Podgoritza (about 6000 or 7000 in 1879,

since reduced to 4000) is the principal trading town ; it lies at the

foot of the moxmtains (as its name imports), at the junction of the

Euibnitza with the Moratcha, and in Turkish hands was one of the

strongest of their fortresses towards Montenegro. Dulcigno (see

vol. vii. p. 520) has 3000 inhabitants (before the transfer 5000 to

7000). Niksitch, a fortified place on a slight eminence in the

midst of a plain, is about the same size. Antivari (see vol. ii. p.

138), so called from its position opposite Bari in Italy, suffered

greatly in the war 1879-80, and lost half of its 5000 inhabitants.

Danilovgrad, with 2000, lies on the north side of the Zeta valley ;

in the vicinity is Orialuka, the prince's palace with its mulberry

uui'sories, and the monasteries of Zhdrebamk (burnt by the Turks in

1877, but since rebuilt), whOe Tcheliya, Moratcha (the most ancient

in the principalitv), and Ostrog (visited annually by about 10,000

pilgrims) are not far oE Spuzh (Spouge), a little lower on the

same side of the stream, is a fortified post with about 1000 inhabit-

ants. Nyegush or ISTyegosh (1200), about three hours distant from

Cettinye on the road to Cattaro, is the native seat of the reigning

family, which originally came thitbsr froni Nyegush in Herzegovina.

Zhabliak (1200) was once the "capital, ''"and has been a fortified

post since the time of the Venetian power. Eyeka (1500), on the

river of that name, is next to Podgoritza in commercial importance
;

the prince has two residences in the town. Grahovo (2000) is

famous for the great battles of 1851 and 1876.

Montenegix) ia an absolute hereditary monarchy, vested accord-

ing to the principle of primogeniture in the family of Petrovitch

Nyegush, 'The prince bears the title " Prince of Montenegro and

the Berda (mountains) "—Montenegro here meaning the oH Mon-
tenegrin nahias ())rovincca) of Katunska, Tzmiitza, Ryetcbka, and

> See Bogisii in Das Aualand, 1874.

Lveshanska, and Berda the territory added m the 18th rentuiy,

or the provinces ByelopavUtchska, Piperska, Moratchska, Vasoye-

vitchska, and Kutska. A responsible ministry was introducied in

1877 and there are now separate departments of justice, foreign

affairs, war, and finance and education. The highest administia-

tive body is the councU of state, instituted in 1879, and consistwg

of eight members appointed by the prince. Justice in ordinary

cases is rendered in primitive fashion. Formal codes were drawn

up by Peter I. (1798) and by Danilo (1855), but the real statute

book is national custom. A great court, consisting of the minister

of justice, and five members named by the piince, is held in the

capital, and there are inferior courts in «ach of the captamcies

(86 in 1879). While formerly the very president of the senate,

Mirko Petrovitch {ob. 1865), whose songs arff the delight of his

countrymen, could neither read nor write, primary education has

. been mdely diffused during the reign of Prince Nicholas (Nikita).

In 1851 there was otdy one school, but before the recent war tiiw

had increased to 58, nearly every clan having one for girls as weJ

as for boys. The female Montenegrin Institute (founded and sup-

ported by the empress of Russia) attracts piyUs from beyond the

frontier. It was from the printing-presses of Cettinye and Kyeka

that the first books in the Slavonic languages were issued between

1483 and 1493, under the patronage especially of Ivan Beg and

George (IV.) Crnoyevitch, "waynodes of the Zeta," but this pro-

mise of Uterary productiveness was soon cut off hy wars with the

Turks. Peter Petrovitch Nyegush (1813-1851), who was called to

rule in 1830, is recognized as perhaps the greatest of all Servian

poets,—his Oorski Viyenac, or "Mountain Wreath," giving dramatic

expression to the " very soul of the Serbian people." Though the

press which ha established in 1834 was destroyed in the war of

1852-53, another was soon obtained, and under Prince Nicholas,

himself a poet, his memory has proved a potent stimulus to

inteUectual culture. The first Montenegrin newspaper, Cmogorac,

now Glas Cmogorca, began to appear in 1870 ; the first book-shop

was opened in 1879.^

The Montenegrins, however, have had more to do with the

sword than with the pen. " Every man, dressed in the picturesque

costume of his tribe, carries his pistol and yataghan in his gfrdle."

NominaDy the age of military service is between sixteen and

sisty-five, but when war- breaks out schoolboy and superannuated

veteran are equally eager for the fray. When Prince Nicholas tried

to prevent an old man of eighty from joining his forces, the insulted

warrior drew his pistol and shot himself. War with the Turks,

indeed, is the essence of Montenegrin history. On the death of th« .

Servian king Stephen Dushan, Prince Balsha became independent

lord of the province of the Zeta ; and when the Servian powej

was shattered by the Turks in the battle of Kossovo (1389) hii

territory formed the asylum of all those, who determined to make
auother stand for freedom. In 1485 Ivan Crnoyevitch, finding

Zhabliak untenable, fixed his " capital" at Cettinye. In 1516 his

son George, who had succeeded him, left his country to its fate

;

but the people chose their bishop as their chief. Prince-bishops

or vladykas, elected by the people, continued to lead them with

success against the common foe of Christendom till 1697, when
the authoiity was handed over to Petrovitch Nyegush, with the

right of appointing his successors, subject to national approval

At length, in 1851, Danilo, nephew jnd nominee of the previous

vladyka Peter II., prevailed on the "skuptchina" to declare Mon-
tenegro a secular state with the hereditary government of a prince.

His nephew Nicholas succeeded to the throne in 1860, and at the

close of the war 1876-78 Montenegro was declared a sovereign

principaUty. For an account of the defeats and victories (the latter

by far the more numerous) which have marked the national struggle

for existence during its four centuries, the reader is referredto

Denton's Montenegro (Lbnd. , 1877).
See Obscrvatwns on MMWicgro (St Pet, 1881), by Baron Kaulbars, Russian

member of the liitercatioual Comttiissiou ; Wilkiason's Dalniatia and Montenegro
(1S48); Wlngfleld, Tour in Dalmalta, i-c. (1859); Viscountess Strangford, The
EasUm Shores of lint AdHatic {l&Gi); A. J. Evans, lUyriun Letltrs (ISIS); \l. E.

Gladstone in the Nimtixnth Century, i. ; Freeman, in MacinUUfn's Mag., 1876:

Schwarz, Montenegro (18S2). See also the bibliographies in Bull, de la Soc. de

OiooT. (Paris, 1865) and Valentinelli, Bib. delta Dabmzw, (Agram, 1855).

__ (H. A. W.)

MONTEREY, a city of the United States, the capital

of California up to 1847, is situated on Monterey Bay,

125 miles south from San Francisco by the southern

division of the Southern Pacific Railroad. Originally

founded in 1770 as a mission station and presidio (garrison)

by Junipero Serra, it is still in the main a Spanish-looking

town, with Spanish talked in its streets and painted on its

signboards. At the meeting of the first constitutional

convention of California Monterey was a port of entry

with a flourishing trade and a promising future ; but it

soon suffered from the rivah-y of San Francisco, and it is

' Ct. Pypin and Spasovitch, Hist, of Slav. Literatures, vol. L
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flow a sleepy place, straggling and dirty, with many of its

adobe buildings abandoned to decay. The flourishing Mon-

terey whaling company (chiefly Portuguese from the Azores)

has its station under the old fort ; and, the Southern Pacific

Railroad Company having erected (1881) a magnificent

hotel, the place bids fair to become one of the leading water-

ing-places on the Californian coast. The mission church of

San Carlos, about four miles from the town, is a curious

and striking ruin. Population is now (1883) about 1400.

See Franc. Palou, Vida del vcn. padre fray J. Scrra, Mexico,

1787 ; Lady Duffua Gordon, Through Cities and Prairie-lands,

1882 ; and Harper's Monthly Magazine, October 1882.

MONTEREY, a city of Slexico, capital of the state of

Nnevo Leon, lies 1600 feet above the sea on a sub-tributary

of the Rio Grande del Norte, 150 miles south-south-west

•)f Nuevo Laredo, and 190 west-south-west of Matamoras.

A handsome and well-planned city, with a cathedral and a

number of good public buildings, Monterey is also in com-

mercial and manufacturing activity the most important

place in the northern parts of the republic, and one of the

principal stations on the railway opened in 1882 between

the city of Mexico and the United States frontier (at

Matamoras and Nuevo Laredo). The population was about

37,000 in 1880. The city was founded in 1596, became

a bishopric in 1777, and was captured by the United

States forces under General Taylor in September 1846.

MONTE SAN GIULL/mO, a" city of Sicily, in the pro-

vince of Trapani and 12 miles north-east of the town of

Trapani, occupies the summit of the mountain from which

it takes its name. Rising in the midst of an undulating

plain, this magnificent and conspicuous peak (the Erys of

the ancients) has, whether seen from sea or land, such an

appearance of altitude that, while it really does not exceed

2464 feet, it has for ages been popularly considered the

culminating point of western Sicily, and second only to

Mount Etna. By the Phoenicians it was early chosen as

the site of a temple, which continued down to the time of

the Roman empire to be one of the most celebrated of all

the shrines of Venus (Venus Erycina). The ancient city of

Pryx, situated lower dovni the mountain side, disappears

from history after the estahlishment of the Roman power

in Sicily,—the inhabitants having probably taken advan-

tage of the protection afforded by the sanctity, fortifica-

tions, and garrison of the temple-enclosure. In the modern

town, the population of which has recently decreased to

about 3000 by the migration of considerable numbers to

the plain, the chief points of interest are the cathedral,

internally restored in 1865, the castle, which occupies the

site of the temple, and the three so-called torri del Balio,

which- probably represent the propyhea. Remains of

Phoenician masonry are still seen on the north side of the

town. The great rock-hewn cistern in the garden of the

castle is very like one of the cisterns of the Haram at

Jerusalem.
The antiquities of Monte San Giuliano have been carefully in-

vestigated by Giuseppe Polizzi (/ Monumenti d'Antichitct delta

Provincia di Trapani), and by Professor Salinas (Arehivio Storico

Sidliano, I, &c.). Compare Renan, MSlancfcs d'Sistoire et de

Voyages; and Sayce in Academy, SOtb December 1882.

MONTE SANT' ANGELO, a city of Italy in the pro-

vince of Foggia (Capitanata), 10 miles north of Manfre-

donia, stands on an offshoot of Monte Gargano 2824 feet

high. In 491 the archangel Michael pointed out the

place to St Laurentius, archbishop of Sipontum (Man-

fredonia), and the chapel, which was built over the cave,

to which he drew more particular attention, soon became

a famous place of pilgrimage. Though plundered by

the Lombards in 657, and by the Saracens in 869, St

Michael's was already a wealthy sanctuary in the 11th

century, and its prosperity continued till the time of the

French occupation. The canons {CaTionici Garganid, as

they are usually called) maintained a prolonged contest

with the Sipontine archbishops for episcopal independence.

According to Ughelli {Italia Sacra, vol. vii. p. 816),
a marble statue of the saint by Michelangelo Buonarroti
took the place of a silver image. Tho bronze doors
still preserved are fine pieces of Byzantme work, made, as
an inscription bears witness, in Constantinople in 1076.

The town of Sant' Angelo, which had only about 3000
inhabitants in the 17th century, numbered 14,759 in 1861,

and 13,902 in 1871. Besides the festival of the saint

celebrated on the 9th of May, there is a great fair on thfe

29th of September.

MONTESQUIEU, Charles Louis de Secondat,
Bakon de la BRfeDE ET DE (1689-1755), philosophical his-

torian, was born at the chateau of La Brede, about 10 miles

to the south-east of Bordeaux, in January 1689 (the exact

date being unknown), and was baptized on the 18th of

that month. His mother was Marie rran9oise de Penel, the

heiress of a Gascon-English family. She had brought La
Brede as a dowry to his father, Jacques de Secondat, a mem-
ber of a good if not extremely ancient house, which seems

first to have risen to importance in the early days of the 16th

century. The title of Montesquieu came from his uncle,

Jean Baptiste de Secondat, "president k mortier" in the

parliament of Bordeaux,—an important office, which, as well

as his title, he left to his nephew. Montesquieu was in his

youth known as M. de la Brfede. , His mother died when he

was seven years old, and when he was eleven he was sent to

the Oratorian school of Juilly, near Meaux, where he stayed

exactly five years, and where, as well as afterwards at Bor-

deaux, he was thoroughly educated. The family had long

been connected vdth the law, and Montesquieu was destined

for that profession. He was made to work hard at it not-

withstanding his prospects (for his uncle's office was his by
reversion) ; but, as in his later life, he seems to have

tempered much study with not a little society. His father

died in 1713, and a year later Montesquieu, or, as he should

at this time strictly be called, La Brede,' was admitted coun-

sellor of the parliament. In little more than another twelve-

month he married Jeanne Lartigue, an heiress and the

daughter of a knight of the order of St Louis, but plain,

somewhat ill-educated, and a Protestant. Montesquieu does

not seem to have made the slightest pretence of affection or

fidelity towards his wife—things which, indeed, the times

did not demand ; but there is every reason to believe that

they lived on perfectly good terms. Like the three previous

years, 1716 was an eventful one to him ; for -his irncle died,

leaving him his name, his important judicial office, and his

whole fortime. He thus became one of the richest and

most influential men in the district. He continued to hold

his presidency for twelve years, in the course of which he

had much judicial work to perform, as well as the nonde-

script administrative functions which vmder the old regime

fell to the provincial parliaments. He was none the less

addicted to society, and he took no small part in the pro-

ceedings of the Bordeaux Academy, to which he contributed

papers on philosophy, politics, and natural science. He
also wrote much less serious things, and it was during the

earlier years of his presidency that he finished, if he did not

begin, the Lettres Persanes. They were completed before

1721, and appeared in that year anonymously, with Cologne

on the title-page, but they were really printed and published

at Amsterdam. This celebrated book (the original notion

of which is generaUy set down to a work of Dufresny, the

comic author, but which is practically original) would have

been surprising enough as coming from a magistrate of the

highest dignity in any other time than in the regency of the

duke of Orleans, and even as it was it rather scandalized

the graver among Montesquieu's contemporaries. In the

guise of letters written by and to two Persians of distinction
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(ravelling in Europe, Montesquieu not only satirized un-

mercifully the social, political, ecclesiastical, and literary

follies of his day in France, but indulged in a great deal of

the free writing (so free as very nearly to deserve the term

licentious) which was characteristic of the tale-tellers of the

time. But what scandalized grarve and precise readers

naturally attracted the majority, and the Lettres Persanes

were very popular, passing, it is said, through four editions

within the year, besides piracies. Then the vogue suddenly

ceased, or at least editions ceased for nearly nine years to

appear. It is said that a formal ministerial prohibition

was the cause of this, and it is not improbable ; for, though

the regent and Dubois must have enjoyed the book

thoroughly, they were both shrewd enough to perceive that

underneath its playful exterior there lay a spirit of very

inconvenient criticism of abuses in church and state. The
fact is that the Letires Persanes is the first book of what is

called the Philosophe movement. The criticism is scarcely

yet aggressive, much less destructive, and in Montesquieu's

hands it never became so ; but what it might become in

the hands of others was obvious enougk It is this pre-

cursorship in his own special line which in all probability

made Voltaire so jealous of Montesquieu, as well as the

advantage which a wealthy and weO-born noble of high

official position had over himself. It is amusing to find

Voltaire describing the Leiires as a " trumpery book," a
" book whioh anybody might have written easily." It is

not certain that, in its peculiar mixture of light badinage

with not merely serious purpose but gentlemanlike modera-

tion, Voltaire could have written it himself, and it is

certain that no one else at that time could. The reputa-

tion acquired by this book brought Montesquieu much into

the literary society of the capital, and he composed for, or at

any rate contributed to, one of the coteries of the day the

clever but rather rhetorical Dialogue de Sylla et cTEucraie,

in which the dictator gives an apology for his conduct. For

Mademoiselle de Clermont, a lady of royal blood, a great

beauty and a favourite queen of society, he wrote the

curious prose poem of the Temple de Guide. This is half

a narrative, half an allegory, in the semi-classical or rather

pseudo-classical taste of the time, decidedly frivolous and

dubiously moral, but of no smaU elegance in its peculiar

style. A later jeu d'esprit of the same kind, which is almost

but not quite certainly Montesquieu's, is the Voyage &

Paphos, in which his warmest admirers have found little to

praise. In 1725 Montesquieu was elected a member of the

Academy, but an almost obsolete rule requiring residence in

Paris was appealed to, and the election was annulled. It is

doubtful whether a hankering after Parisian society, or an

ambition to belong to the Academy, or a desire to devote

himself to literary pursuits of greater importance, or simple

weariness of not wholly congenial work determined him to

give up his Bordeaux ofiice ; it is certain that he continued

to hold it but a short time after this. It is tolerably clear

that he had already begun his great work, and the character

of some papers which, about this time, he read at the Bor-

deaux Academy is graver and less purely curious than his

! earlier contributions. In 1726 he sold the life tenure of his

1 ofiice, reserving the reversion for his son, and went to live

in the capital, returning, however, for half of each year to

La Brfede. There was now no further formal obstacle to his

reception in the Academie Fran9aise, but a new one arose.

Ill-wishers had brought the Lettres Persanes specially under

the minister Fleury's attention, and Fleury, a precisian in

many ways, was shocked by them. There are various

accounts of the way in which the difficulty was got over,

but all seem to agree that Montesquieu made concessions

which were more eflFectual than dignified. He was elected

and received in January 1728. Almost immediately after-

wards he started on a tour through Europe to observe

' men, things, and constitutions. He travelled through

Austria to Hungary, but was unable to visit Turkey as he

had proposed. Then he made for Italy, where he met
Chesterfield. They sojourned together at Venice for some
time, and a curious story is told of the way in which eitlior

a piece of mischief on Chesterfield's part, or Montesquieu's

own nervousness and somewhat inordinate belief in his own
importance, made the latter sacrifice his Venetian notes.

At Venice, and elsewhere in Italy, he remained nearly a

year, and then journeyed by way of Piedmont and the

Rhine to England. Here he stayed for some eighteen

months, and acquired an admiration for Engli.sh character

and polity which never afterwards deserted him. He
returned, not to Paris, but to La Br6de, and to outv.-ard

appearance might have seemed to be settling down as a

squire. He altered his park in the English fashion, made
sedulous inquiries into his own genealogy, arranged an

entail, asserted, though not harshly, his seignorial rights,

kept poachers in awe, and so forth. Nor did he neglect

his fortune, but, on the contrary, improved his estates in

every way, though he met with much opposition, partly

from the dislike of his tenants to new-fangled ways, and

partly from the insane economic regulations of the time,

which actually prohibited the planting of fresh vineyards.

Although, however, Montesquieu was enough of a grand

seigneur to be laughed at, and enough of a careful steward

of his goods to be reviled for avarice, by those of his con-

temporaries who did not like him, these matters by no

means engrossed or even chiefly occupied his thoughts.

In his great study at La Brtde (a hall rather than a study,

some 60 feet long by 40 wide) he was constantly dic-

tating, making abstracts, revising essays, and in other

ways preparing his great book. Like some other men of

letters, though perhaps no other has had the experience in

quite the same degree, he found himself a little hampered

by his earlier work. He may have thought it wise to

S8ften the transition from the Lettres Persanes to the

Esprit des Lois, by interposing a publication graver than

the former and less elaborate than the latter. He had

always, as indeed was the case with most Frenchmen of his

century, been interested in ancient Rome and her history :

and he had composed not a few minor tractates on the

subject, of which many titles and some examples remain,

besides the already-mentioned dialogue on Sylla. All these

now took form in the Considerations sur les Causes de la

Grandeur et la Decadence des Romains, which appeared in

1734 at Amsterdam, without the author's name. This,

however, was perfectly well known ; indeed, Montesquieu

formally presented a copy to the French Academy. Anony-

mity of title-pages was a fashion of the day which meant

nothing. The book was not extraordinarily popular in

France at the time. The author's reputation as a jester

stuck to him, and the salons affected to consider the Lettren

Persanes and the new book respectively as the " grandeur "

and the "decadence de M. de Montesquieu;" but more

serious readers at once perceived its extraordinary merit,

and it was eagerly read abroad. A copy of it exists or

existed which had the singular fortune to be annotated by

Frederick the Great, and to be abstracted from the Potsdam

library by Napoleon. It is said, moreover, by competent

authorities to have been the most enduringly popular and

the most widely read of all its author's works in his own

country, and it has certainly been the most frequently and

carefully edited. Its merits are indeed undeniable. Merely

scholastic criticism may of course object to it, as to every

other book of the time, the absence of the exactness of

modem critical inquiry into the facts of history ; but this

is only a new example of a frequent ignoratio elenrln.

The \'rtue of Montesquieu's book is not in its facts but in

its views. K is (putting Bossuet and Vico aside) almost



784 MONTESQUIEU
the first important essay in the j)hilosopliy of Listory.

The point of view is entirely different from that of Bossuet,

and it seems entirely improbable that Montesquieu knew
anjrthing of Vico. In the Grandeur et Decadence the

characteristics of the Esprit des Lois appear w-ith the neces-

sary subordination to a narrower subject. Two things are

especially noticeable in it : a peculiarity of style, and a

peculiarity of thought. The style has a superficial defect

which must strike every one, and which was not overlooked

by those who wer'- jealous of Montesquieu at the time.

The page is broken up into short paragraphs. of but a few

lines each, which look very ugly, which irritate the reader

by breaking the sense, and which prepare him to expect

an undue and ostentatious sententiousness. The blemish,

however, is chiefly mechanical, and, though no editor has

hitherto had the perhaps improper audacity so to do, it

would be perfectly possible to obliterate it without changing

a word. On the other hand, the merits of the erpression

are very great. It is grave and destitute of ornament, but

extraordinarily luminous and full of what would be called

epigram, if the word epigram had not a certain connotation

of flippancy about it. It is a very short book ; for, printed

in large type wdth tolerably abundant notes, it fills but

two hundred pages in the last edition of Montesquieu's

works. But no work of the century, except Tiirgot's second

Sorbonne Discourse, contains, in proportion to its size,

more weighty and original thought on historical subjects,

while Montesquieu has over Turgot the immense advantage

of style.

Although, however, this ballon d'essai, in the style of his

great work, may4)e said to have been successful, and though

much of that work was, as we have seen, in all probability

already composed, Montesquieu was in no hurry to publish

it.- He went on " cultivating the garden " diligently both

as a student and as an improving landowner. He had

lawsuits, sometimes on his own account, sometimes on that

of others, and in one case he won from the city of Bordeaux

no less than eleven himdred arpents of, it is true, the un-

productive landes of the country. He is said to have

begun a history of Louis XI., and there is a story that it

was completed but burnt by mistake. He wrote the

sketch of Lysimaque for Stanislaus Leczinski; he published'

new and final editions of the Temple de Gnide, of the Lettres

Ftrsanes, of Sylla et Evirate (which indeed had never been

published, properly spealiing). After allowing the Grandeur

et Decadence to be reprinted without alterations some half

dozen times, he revised and corrected it. He also took

great pains with the education of his son Charles and his

daughter Denise, of whom he was extremely fond. He
frequently visited Paris, where his favourite resorts were

the salens of Madame de Tencin and Madarne d'Aiguillon.

But all the time he must have been steadily working at

his book, indeed, a contemporary accuses him of having

only gone into society to pick up materials for it. But it

seems that he did .not begin the final task of composition

till 1743. Two years of uninterrupted work at La Br^de

finished the greater part of it, and two more the rest. It

was finally published at GJeneva in the autumn of 1748, in

two volumes quarto. The publication was, however, pre-

ceded by one of those odd incidents which in literature iUus-

trate Clive'a well-known saying about courts-martial in war.

Montesquieu summoned a committee of friends, according

to a very common practice, to hear and give an opinion

on his work. It was an imposing and certainly not an

unfriendly one, consistingof H^nault, Helv^tius, the financier

Silhouette, the dramatist Saurin, Cr^billon the younger,

and lastly, FonteneUe,—in fact, all sorts and conditions

of literary men. The members of this eminently competent

tribunal unanimously, though for different reasons and in

different forms of exprsssion, advised the author not to

publish a book which has been recently described by a

judge of certainly not less competence as "one of the most
iniportact books ever written," and which, when importance

of matter and excellence of manner are jointly considered,

may be almost certainly ranked as the greatest book of

the French 18th century.

Montesquieu, of course, did not take his friends' advice. In
such cases no man ever does, and in this case it was certainly

fortunate. The Esprit des Lois represents the reflexions

of a singularly clear,- original, and comprehensive mind, cor-

rected by forty years' study of men and books, arranged iu

accordance with a long deliberated plan, and couched in

language of remarkable freshness and idiosyncrasy. The
title has been somewhat cavilled at, and, like that of the

Considerations, it gave a handle to the somewhat malicious

frivolity of the salons. But if it had been preserved in

full it would have escaped much of the criticism which it

has received. In the original editions it runs L'Esprit

des Lois ou du Rapport que les Lois doivent avoir avec la

Constitution de chaque Gouvernement, les Mceurs, le Climat,

la Religion, le Commerce, etc. It consists of thirty-one

books, which in some editions are grouped in six parts. This

division into parts is known to have entered into the

author's original plan, but he seems to have changed his mind

about it. Speaking summarily, the first part, containing

eight boolis, deals with law in general and with forms of

government ; the second, containing five, with military

Eirrangements, with taxation, &c. ° the third, containing six,

with manners and customs, and their dependence on

climatic conditions ; the fourth, containing four, with eco-

nomic matters ; and the fifth, containing three, with religion.

The last five books, forming a kind of supplement, deal

specially with Roman, French, and feudal law. The most

noteworthy peculiarity of the book to a cursory reader lies

in the section dealing with effects of climate, and this

indeed was almost the only characteristic which the vulgar

took in, probably because it was easily susceptible of

parody and reductio ad absurdum. But this theory is

but the least part of the claims of the book to attention.

Its vast and careful collection of facts, the novelty and

brilliancy of the generalizations founded on them, the

constructive spirit which penetrates it, its tolerance, its

placid wisdom lighted up by vivacious epigram, could only

escape the most careless reader. The singular spirit of

moderation which distinguishes its views on politics and

religion was indeed ratter against it than in its favour in

France, and Helv^tius, who was as outspoken as he was

good-natured, had definitely assigned this as the reason of

his unfavourable judgment. On the other hand, if not

destructive it was sufficiently critical, and it thus raised

enemies on more than one side. Montesquieu was thought

too English in his ideas by some, the severe defenders

of orthodoxy considered him latitudinarian, and one

zealous Jansenist informed him that he was "a pig."

It was long suspected, but is now positively known, that

the book (not altogether with the goodwill of the pope)

was put on the Index, and the Sorboime projected, though

it did not carry out, a regular censure. To all those ob-

jectors the authot replied iu a masterly defense; and

there seems to be no foundation for the late and scandalous

stories which represent him as having used Madame de

Pompadour's influence to suppress criticism. The fact

was that, after the first snarlings of envy and incompetence

had died away, he had little occasion to complain. Even

Voltaire, who was his decided enemy, was forced at length

to speak La public, if not in private, complimentarily of the

Esprit, and from all parts of Europe the news of success

arrived.

Montesquieu.enjoyed his triumph rather at La Brfede than

at Paris. He was becoming an old man, and, unliku Fonte-
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nelle, he does not seem to have preserved in old age the

passion for society which had marked his youth. A rather

dubious description, published long after his death, repre-

sents him as " wandering in his woods from morn to night

with a white cotton nightcap on his head, and a vine prop
on his shoulder." This, in the florid language of its time

(the Kepublican period), is probably only an imaginative

expression of his known interest in managing his estate.

But he certainly spent much of his later years in the

country, though he sometimes visited Paris, and on one
visit had the opportunity, which he is likely to have en-

joyed, of procuring the release of his admirer La Beaumelle

from an imprisonment which La Beaumelle had suffered

at the instance of Voltaire. He is said also to have been
instrumental in obtaining a pension for Piron. Indeed,

indigent or unlucky men of letters found in him a constant

protector, and that not merely at the royal expense. Nor did

he by any means neglect literary composition. The curious

little romance of Arsace et Ismenie, a short and unfinished

treatise on Taste, many of his published Pensees, and much
unpublished matter date from the period subsequent to

the Esprit des Lois. He did not, however, live many years

after the appearance of his great work. At the end of

1754 he visited Paris, with the intention of getting rid of

the lease of his house there and finally retiring to La
Brfede. He was shortly after taken ill ^ith an attack of

fever, which seems to have affected the lungs, and in less

than a fortnight he died, on 10th February 1755, aged
sixty-sis. He was buried in the church of Saint Sulpiee

with little pomp, and the Revolution obliterated all trace

of his remains.

The literary and philpsophical merits of Montesquieu and his

position, actual and nistorical, In the literature of France and of
Europe, form a subject of rather unusual interest in its kind. At
the beginning of this century the vicomte de Bonald classed him
with Kacine and Bossuet, as the object of a "religious veneration"
among Frenchmen. But Bonald was not quite a suitable spokes-
man for France, and it may be doubted whether the author of the
Esprit des Lois "has ever really occupied any such position in his

own country. For a generation after his death he remained indeed
the idol and the great authority of the moderate reforming party
in France, and at such times as that party recovered power during
the revolutionary period Montesquieu recovered vogue with it
But the tendency of the century and a quarter which have passed
since his death has been to reduce the numbers and position of
this party ever more and more, and Montesquieu is not often quot-
able, or quoted, either by Republicans, Bonapartists, or Legitimists,
at the present day. Again, his serious works contain citation of or
allusion to a vast number of facts, and the exact (let it be hoped
that posterity will not call it the pettifogging) criticisi.i of our
time challenges the accuracy of these facts. Although he was
really the founder, or at least one of the founders, of the sciences of
comparative politics and of the philosophy of history, his descend-
ants and followers in these sciences think they have outgrown
him. In France his popularity has always been dubious and con-
tested. It is a singular thing that, until within the last decade,
there has been no properly edited edition of his works, and nothing
even approaching a complete biography of him, the place of the
latter being occupied by the meagre and rhetorical Elopes of the
last century. He is, his chief admirers assert, hardly read at all

in France to-day, and a tolerable familiarity with modern French
literature enables its possessor to corroborate this by first-hand

knowledge, to the effect that no writer of equal eminence is so little

<liioted. The admirers just mentioned attempt to explain the fact

by confessing that Montesquieu, great as he is, is not altogether
great according to French principles. It is not only that he is an
Anglo-maniac, but that he is rather English than French in style
and thought. His work, at least the Esprit, is lacking in the pro-
portion and the almost ostentatious lucidity of arrangement whicli

a Frenchman demands. His sentences are often enigmatical, and
suggestive rather than clear. He is almost entirely dispassionate in

imlitics, but he lacks the unswerving deductive consistency wliich

Frenchmen love in that science. His wit, it is said, is quaint and
a little provincial, his style irregular and in no definite genre.

Some of these things may be allowed to exist and to be defects

in Montesquieu, but they are balanced by merits which render
them almost insignificant. Of the minor works, which are on the
whole rather unworthy of their author, nothing need bo said' here.

In the few Pensecs, and in detached thoughts of the same kind
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scattered about the tolerably numerous letters which have reached
us, there is much acuteness and point, as also in some of the best
sentences of the CansitUrations and of the Esprit. But no one would
put Montesquieu as a pensif, or maxim, writer beside ha, Roche-
foucauld and Joubert, Pascal and Vauvenargues. It is on his three
principal works that his fame does and must rest. Each one of
these is a masterpiece in its kind. It is doubtful whether the
Lettres Pcrsan/is yield at their best either in wit or in giving lively
pictures of the time to the best of Voltaire's similar work, though
they are more unequal. There is, moreover, the great difference
betw-een Montesquieu and Voltaire that the former is a rational
reformer, and not a mere pcrsiflcur or frcmdeur, to whom fault-
finding is more convenient for showing off his wit than acquiescence.
Of course this last description does not fully or always describe
Voltaire, but it often does. It is seldom or never applicable to
Jfontesquieu. Only one of Voltaire's own charges agakist the
book and its author must be fully allowed. He is said to have
replied to a friend who urged him to give up his habit of sneering
at Montesquieu, "U est coupable de lese-poesie," and thi3 is true.

Not only are Montesquieu's remarks on poetry (he himself occasion-
ally \vTote verses, and very bad ones) childish, but he is never happy
in purely literary appreciation. The Considerations are noteworthy,
not only for the complete change of style (which from the light and
mocking tone of the Lettres becomes gi'ave, weighty, and sustained,
with abundance of striking expression), but for the pi-ofundity and
ori^ality of the views, and for the completeness with which the
author carries out his plan. These words—except, perhaps, the last

clause—apply with increasing force to the Esprit des Lois. "The book
has been accused of desultoriness, but this arises, in part at least,

from a misapprehension of the author's design. At the same time,
it is impossible to say that the equivocal meaning of the word "law,"
which has misled so many reasoners, has not sometimes misled
Montesquieu himself For the most part, however, he keeps the
promise of his sub-tit!e (given above) with fidelity, and applies it

with exhaustive care. It is only in tlie last few books, which have
been said to be a kind of appendix, that something of irrelevancy

suggests itself. The real importance of the Esprit des Lois, how-
ever, is not that of a formal treatise on law, or even on polity. It is

thatofan assemblage ofthemostfertile, original, and inspiriting views
on legal and political subjects, jjut in language of singular sugges-
tiveness and vigour, illustrated by examples which are always apt
and luminous, permeated by the spirit of temperate and tolerant de-
sire for human improvement and happiness, and almost unique in

it? entire freedom at once from doctrinairianism, from visionary

enthusiasm, from egotism, and from an undue spirit of system.
As for the style, no one who does not mistake the definition of that
much used and much misused word can deny it to Montesquieu.
He has in the Esprit little ornament, but his composition is wholly
admirable. Every now and then there are reminiscences, perhaps a

little more close than is necessary, of the badinage of the Lettres Per-
sanes, but these are rare, and the author's wit is for the most used
only to lighten his pages. Yet another great peculiarity of this book,
as well as of the Considirations, has to be noticed. The genius of the
author for generalization is so great, his instinct in political science

so sure, that even the falsity of his premises frequently fails to

vitiate his conclusions. ' He has known wrong, but he has thought
right.
The sole edition of Montesquieu which need be mentioned here is that of

Edouard Laboulaye (7 vols.. Paris, 1875-1879), the sole biography that of Loais
Vian (Paris, second edition, 1879). From tlie latter the facts of the above notice
are principally drawn. The bibliography of Montesquieu's published works
is not of any special interest, but in resjiect uf anecdota he occupies a'singular

position. There is known to exist at La Br^de a great mass of MSS. materials

for the Esprit des Lois, additional Ultres Persunes, essays and fi-agmenta of
all kinds, diaries, letters, notebooks, and so forth. T>'e present possessors,

however, who represent Montesquieu, though not in the direct male line, have
hitherto refused permission to examine these to all editors and critics, though
the publication of some of them has been vaguely promised. At present they
are chiefly known by a paper contributed nearly half a century ago to the
Transactions of the Academy of Agen (1831). (G. 8A.)

MONTEVERDE, Claudio (1568-1643), the inventor

of the " free style " of musical composition, was bom at Cre-

mona in 1568 ; he was engaged at an early age as violist

to the duke of Mantua, and studied composition with some
success under Ingegneri, the duke's "maestro di capella,"

though without thoroughly mastering the difficulties of

musical science. His knowledge of counterpoint was limited,

and his ear imperfect, but he was a bold experimenter, and

his undisguised empiricism led to discoveries which exercised

a lasting influence upon the progress of art. He was the

firstcomposerwhoventured to use unprepared dissonances,

—

employing them first in his madrigals, the beauty of which

they utterly destroyed, but afterwards introducing them
into music of another kind with such excellent effect that

their value was univerL^lly recognized, and all opposition

to their use effectually silenced. In 1603 he <it\pee««l8d
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Ingegnen aa ••maestro di cafjella;" and in 1607 he produced,

for the marriage of Francesco Gonzaga, his first opera,

Ariana, in which he employed the newly-discovered dis-

cords with irrssistible eflfect. Though he did not invent the

Irric drama—Peri's Euridi<:e having been produced at

Florence in 1600—he raised it to a level which distanced

all contemporary competition. His second opera, Orfe(x,

composed in 1608, was even more successful than Ariana,

and was based upon a principle which is held by some

modem critics to embody the only law to which the

dramatic composer owes obedience—that of accommodating

the music to the exigencies of the scene. In 1613 Monte-

verde was invited to Venice, as " maestro di capella " at St

Mark's. Here he composed much sacred music, the greater

part of which is lost,—a circumstance the less to be regretted,

since his Vespers and Masses bear no comparison with those

produced by his predecessors in oflBce. In 1630 he wrote

another grand opera, Proserpina rapita. In 1639 he pro-

duced L Adone, and in 1641 Ze Nozze di Enea and II ritomo

dUlisse. These later works show him still greatly in

advance of his age, notwithstanding the progress made by

other composers since the production of Orfeo. Monteverde

was ordained priest in 1633; and he died in 1643, uni-

versally respected. Though his free employment of the

dominant seventh and other unprepared discords put an

end to the school of Palestrina, it led the way to the greatest

achievements of modem music.

MONTEVIDEO, San Felipe y Santiago de, the capital

of the republic of Uruguay (Banda Oriental) in South

America, lies on the eastern side of a nearly semicircular

bay on the northern shore of the estuary of the La Plata,

120 miles from Buenos Ayres, with which communication

is maintained by a daily service of steamers. The small

peninsula on which the city is built does not rise more

than 95 feet above the level of the sea ; but the headland

of Cerro, 505 feet high, which forms the western side of

the bay, is notable enough on that low-lying coast to justify

the name Montevideo ; it is crowned by a lighthouse,- and

by an old Spanish fort, once oi considerable strength. About
620 acres is the area occupied by the city proper; the

suburbs stretch for miles into the coimtry. The plan both

of the old and the new town is regular ; they are separated

by the Calle de la Ciudadela on the line of the old ramparts.

A somewhat Oriental appearance is produced by the low

houses with their flat terraced roofs and miradors or watch-

towers, from which the merchants look out for ships. As
a whole, the city is overbuilt, and immense wealth has been

squandered in Italian marbles and other forms of archi-

tectural decoration. The streets are for the most part well

j)aved, and there is an extensive tramway system. Mare's

grease was for some time employed to make gas for light-

ing ; but an epidemic having commenced at the gas-yard

the works were for a time closed, and when they were re-

opened coal-gas was substituted. Previous to 1870, when
water was introduced from a distance Of 40 miles, the whole

supply was dependent on the rainfall. In the old town

the principal square is the Plaza de la Constitucion, the

south side of which contains the." cathedral;" and the north

side the cdbildo (law-courts, senate-house, and prison). The
cathedral (as it is usually called, though the bishop is a

bishop in partibus, and takes his title from Megsera in Asia

Minor) is a somewhat imposing building, consecrated 21st

October 1804, with a dome and two side towers 133 feet

high, which form one of the best landmarks of the bay. In

the line of the old ramparts formerly stood the old Spanish

citadel, which was built by the seven years' forced labour

of 2000 Guarani Indians. From 1835 to 1868 it served as

the 'principal market in the city; in 1877 it was removed
and the area united with the fine Plaza de la Independencia

at the south-western' end of the Calle del 18 Julio, a broad

street which runs in a straight line right ttirough trie rff»

town. The new market, covering 2 acres, was built in

1867 'at a cost of £86,000, and there are besides the Port

market(cost £55,320) and *.he Mercado CJhico. The ex-

change, constmcted after the style of the house at Bordeaux,

dates from 1864, and cost £32,000. Of note also are the

custom-house, the. post office (1866), the museum, the pubUc

library (founded in. 1830 by Dr J. M. Perez Castellano^, the

university (dating from 1849), the Solis theatre (1856), the

British hospital (established in 1857,present building 1867),

the Hospital de Caridad (founded by Francisco A. Macil in

1825), having an average of 300 patients, the new lunatic

asylum (1877), the Basque church (1858), and the English

church (1845), built on the site of a battery taken in 1807

by Sir Samuel Auchmuty's forces. Since the beginning o£

^ilQiA T<u^

Map of Montevideo.

the century the depth of w^ter in the bay has been allowed

to diminish 5 feet, and the area has been reduced by the

construction (1868) of an embankment to carry the railway

across it. Dredging has been tried from time to time, but'

on too limited a scale. The so-called harbour is a space of

less than half a mile square off the north-west face of the

town ; in 1 870 it was reported to be yearly becoming smaller

and less safe, and vessels are now obliged to anchor farther

out. Among modem improvements in the port the most
noteworthy are the Maua dry docks, opened in 1873, and
the larger docks, erected in 1877 at a cost of 2,000,000
dollars, at the foot of the Cerro on the other side of the

bay. The trade of Montevideo consists mainly in the ex-

port of the raw products of the slaughter-house (horns,

hides, hair, tallow, wool, bones), with a certain quantity of

live stock and preserved meat, and in the import of European
manufactures. During the five years 1877-1881 the average

value of the exports was £2,303,061, and that of the imports

£3,469,997. Of the 1044 vessels (tonnage 780,870) which

entered in 1879, 285were English, 157 Spanish, 145 Italian,

112 German, and 99 French. The population is largely of

foreign origin, Italian, Spanish, Basque, and French. In

1874 the Italians, who had rapidly increased after the

siege, were about 40,000 strong, and in several quarters of

the city nothing was to be heard save North-Italian dialects.

Even in 1 880, after the exodus caused by the confiscations

of 1875, they numbered 36,300. The greater proportion

are engaged as petty traders. In 1879 the total population

of the town was 73,879; it had been 92,260 in 1878, and

105,296 in 1871, and now (1883), including the environs,

is 110,167.
Montevideo owes its origin not to the commercial advantage*

of its position but to the jealousy of the Spaniards towards the
Portuguese, which led Zabala, viceroy of Buenos Ayres, to erect a
fort at this point in 1717. In 1726 the first settlers were intro-

duced from the Canary Islands and Andalusia, and more than fifty
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years passed before the settlement was ileclareil a poit ; but by
1781 it had 6460 inhabitants, and by 1792 was imiiorting to the
value of 2,993,267 dollars, and exporting to the value of 4,150,523.

In 180S the governor of Montevideo was the first to revolt against

the Spanish authorities, and to establish an independent junta

;

twenty years later, after much disastrous confusion and conflict, the

city became tho recognized capital of the newly-formed republic

of Banda Oriental. Its population, which had been about 36,000

at the opening of the century, was reduced to 9000 by 1829 ; and
it had hardly recovered its ground in this respect (31,189) when,

in 1843, Rosas, dictator of Buenos Ayres, wishing to compel annexa-

tion to Buenos Ayres, commenced the sie^e which was irregularly

maintained till 1852, and left the city and the country exhausted

and almost ruined. By 1860, however, the population had in-

creased to 49,548 ; and though tho Brazilians blockaded the port

in 1864-5 and reinstated ex-president Florcs the prosperity of tho

place was but little impaired. During the Paraguayan war, which

lasted till 1864, Jlontevideo grew rapidly rich, attracting a large

share of the trade diverted from Buenos Ajtcs. Immigrants

flocked from all quarters, and excessive investments were made in

all kinds of real property. The valuation of the city and suburbs,

vhieh was 14,156,000 dollars in 1860, reached the sura of

74,000,000 dollars in 1872. Reckless speculation, political dis-

sension, and the financial mismanagement of the Government have

told heavily ; the value of house property has greatly diminished,

and commercial activity has been grievously restricted. Since 1881,

however, Montevideo has been rapidly recovering, and its natural

advantages are so great that, with better political circumstances,

a future of yet hirfier prosperity may be anticipated.
Notices of Montevideo will be found in Bonelli, Travels In Bolivia, &c., 1854

;

nadfteld, Sraiil, the River Plate, &c., 1654, and his supplemental volume, 1SC8

;

Mulhall, Handbook of the River Plate Repuhliu, 1ST4 ; and Gallenga, Soxtth

America, 1881. See also Blignardello, Delle vicenrjc dcW America imrid. e

tpecialm, di ilonleviJeo neW Uruguay, Genoa, 1S79 : The Repvblic of Uruguay,
1883 ; the reports of the municipal iunta, and Vaillant's statistical publications.

MONTEZUMA. See "Cortes and ilExico.

MONTFAUCON, Bernaed de (1655-1741), critic and

scholar, was born of a noble and ancient family at the

chateau of Soulage (now Soulatge, in the department of

Aube, France), on 1 3th January 1655. Though destined for

the array, he passed most of his time in the library of the

castle of Roquetaillade (the usual residence of his family),

devouring books in different languages and on almost every

variety of subject, his studies being directed by a learned

friend of his father, Pavilion, bishop of Aleth. In 1672

he entered the array, and in the two following years served

as a volunteer in Germany under Turenne. But ill-health

and the death of his parents brought him back to his

studious life, and in 1675 he entered the cloister of the

Congregation of St Maur, at La Daurade, Toulouse, taking

the vows there on 13th Slay 1676. Apart from his vast

literary labours, the remainder of his life presents little to

record. He lived successively at various abbeys— at

Soreze, where he specially studied Greek and examined

the numerous MSS. of the convent library, at La Grasse,

and at Bordeaux ; and in 1687 he was removed to Saint

Germain des Prds. From 1698 to 1701 he lived in Italy,

chiefly in Rome. Returning to Saint Germain, he was
made a member of the Acadi^mie des Inscriptions et Belles-

Lettres in 1719. He died on 21st December 1741.

His first publication, in which he was assisted by Tropin and
Pouget, was the first volume of a never completed series of previously

unpublished Anahcta Ormca (1688). In 1690 appe.ir»d his defence
of the literally historical character of the book of Judith. Athatmsii
opera omnia, still the best edition of that father, was issued with
a biography and critii.al notes in 1698. The first-fruits of his visit

to Italy were seen in his copious ZHarium Italicum, sivc monunKii-
toruiii vclcrum, biiHolhccarum, mnsxornm, (Sx. , notiiiai singulares
in itinerario Ilalico coUectm (1702). The Palseographia Graeca,

sive de ortii d progrcasu lUcrarum Gracarum, ct dc variis omnium
ssadorum scriptiottis Grxcse gciicribus (1708) is a standard work,
which has not yet been superseded ; in its own field it is as original
as the Be re diplomatica of Mabillon. In 1713 ilocW.V.ucon edited
Hcjcaplorum Origcnis qum supcrsuiU (2 vols. fol. ), only recently
superseded by the work of Field ; and between 1718 and 1738 ho
completed his edition o( Joanni» Ckrysostomi opera omnia (13 vols.

fol.), which is hardly an improvement upoa that of H. Saville. His
L'AntiquiU cxpliqiiSe et rcpeeneiiUe en figures {10 vols, fol., 1719)
would of itself suffice to establish a reputation for colossal dili-

gence. It was continued by him in Les Monumciis de la Monarchic
Pranfoise (5 vols, fob, 1729-1733). A complete list of his literary

lalioups, including his numerous contributions to the Memoircs of

the Academy of IViscriptions, will be found in the Xouvellf Biographu

QirUraU, s.v. " Montfaucon."

jrONTFORT, Simon de, Eakl of Leicester (c. 1200-

1265), a great political leader, and sometimes even re-

ferred to as the "founder of the English House of Com-
mons," born in France about the beginning of the 13th

century, was the fourth and youngest son' of Simon lA'.

de Montfort and of Alice de Montmorency. Of his early

life and education nothing is known, the first definitely

recorded' fact about him being that in April 1230 he was
in England and had attached himself to the service of

Henry III., who granted him a temporary pension of 400
marks, with a promise of the earldom which his father had
held.i In the following year he did homage for the

honour of Leicester, and in 1232 the king confirmed to

him all the land with appiu'tenances which had belonged

to the late earl in England. But, though thus formally

admitted to the ranks of the English baronage, he did not

for several years succeed in making way against the strong

dislike in which "aliens" were now held, and until 1236
most of' his time was spent, in considerable poverty,

abroad. In that year, however, he attended the king's

marriage to Eleanor of Provence as lord high steward,

and tlienceforward began to take part in the business of

the royal council. Handsome, talented, and brave, he

gained the love of Eleanor, widow of the earl of Pembroke,
and sister of the king, to whom he was privately married

at Westminster on 7th January 1238, Henry himself

giving away the bride. When the fact became known,
the indignation of the baronage and of the people had
almost broken out in open rebellion, and, after Simon had
with difficulty averted this by propitiating his brother-

in-law, Richard, earl of Cornwall, he found it necessary to

go to Rome to meet the objections which the church had
raised on the ground of an alleged previous vow made by
Eleanor. Having succeeded in obteining (by bribery, it

would seem) the papal sanction to his marriage, he re-

turned to England in October, and early next year, still

in the enjoyment of the royal favour, he had the earldom
of Leicester formally conferred upon him in presence of

the assembled barons. In Jime (1239) he assisted as god-
father and high steward at the baptism of Prince Edward

;

but the machinations of his enemies were soon afterwards
successful in bringing about a change in the fickle humour
of Henry, and when Simon came back to Westminster in

August to attend the churching of the queen the king
met him with the information that he was an excommuni-
cated person, and ordered him to leave the church.- Along
with his wife he forthwith went into voluntary exile in

France; but in April 1240 he returned to England, and
was received by the king on a footing of at least outward
friendship. Of his private and public life during the

' Simou IV. de Montfort, the well-known Albigensian crusader, is

right of his mother, Amicia de Beaumont, sister and co-heiress of Robert
Fitz-Pernell, earl of Leicester, succeeded to that earldom in 1204, ami
in 1207 was confirmed in the high stewardship of England, hereditary
in connexion with the title. Soon afterwards he was deprived of hi«

English possessions under some pretext, the real reason doubtles;
being his position as captaiu-general of the French forces against tit
Albigenses (1208). He received them again towards the end of John't
reign, theu- custody, however, being committed to his nephew, the eaii

of Chester. The long hostility between England and France during
the early years of Henry III. made it practically impossible for the
alien De Moutl'orts to maintain auy hold upon their English earldom
on the death of Simon IV. in 1218 ; in 1231, after the peace, the
eldest sou Aiiiaury (now constable of France) renounced all claim to

it, thus leaving the field clear to his next surviving brother Simon.
2 There is no evidence, that Simon actually had been excommuni-

cated, but it seems clear that certain payments he had agieed to make
to tho Roman curia had not been punctually attended to, and that
some annoyance had been in this way caused to the king. The charge
of unmoral relations with Eleanor was probably only a conveniently
coarse way of restating the ecclesiastical offence for which Do Mont-
fort had already purchasetl absolution.
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next eigYit years very few facts have been preserved.

There is 6omo ground for believing that he went to the

Holy Land in 1240, and a letter is still extant in which
the nobility of the kingdom of Jerusalem ask Frederick

II. (June 1241) to allow Simon do Moutfortj earl of

Leicester, to act as regent till the arrival of his son Conrad.
In 1242 he accompanied Henry's unsuccessful expedition

to France. In the parliamentary history of these years

his name appears but seldom, but where he is mentioned
he is invariably found on the side of the people, resisting

alike the arbitrary wastefulness of tho king and the

rapacious exactions of the pope. In 121S Do Jlontfort

was appointed for six years the king's "seneschal," or
" locum-tenens," in Gascony. In this capacity lie was
very inadequately supported from home with either men
or money ; he more than once subdued the rebellious

provinces, indeed, but meanwhile his enemies at home
gained strength and encouraged the Gascons in repeated

accusations and complaints against the seneschal. These re-

sulted in one-sided inquiries, but ultimately in his acquittal,

and led to a demand on his part for reparation, and a con-

sequent quarrel with the king. Towards the end of 1252
De Montfort retired into France, where such was the

reputation he enjoyed as a statesman that, on the death of

the queen-reg'ent and in the absence of Louis IX., he was
offered the office of high steward and a place among the

guardians of the crown. This, however, he declined, " being

unwilling to prove a jenegadej" and, after a partial recon-

ciliation with Henry, he retujned to England in 1254. In

the following year he was sent on a secret mission into

Scotland, and in 1257 he was one of the king's ambassadors

to France; but his chief activity between 1254 and 1258,

if we are to judge by the prominent place he took in thg

revolution of the last-named year, must have been in the

meetings of parliament. At the ^Yestmlnster parliament

in April 1258 it was significantly upon the earls of Glou-

cester and Leicester that the king's half-brother, William

de Valence, laid the blame of all the evils under which the

country was groaning, De Jlontfort in particular being

called by him " an old traitor and a liar." At Leicester's

suggestion the barons leagued for the defence of their

rights, and presented themselves armed at the meeting,

which extorted the appointment of the committee of

twenty-four to meet at Oxford and proceed at once with

the reform of the realm. The Provisions of Oxford having

been signed (October 1258), De Jlontfort received the cus-

tody of the castle of Winchester, where the parliament con-

tinued its session, he meanwhile apparently holding the

position of military commander-in-chief; and, after the

removal of the barons to London, he was appointed member
of an embassy to Scotland. In the early part of 1259 he

was chiefly busied with the task of adjusting the terms of

a peace with France, which was not settled untU the end of

that year. From the date of Jths conclusion of that peace,

owing to divisions in the reforming party, the king began

to regain his lost power, and in 1262 he felt himself strong

enough to repudiate the Provisions of Oxford, thus giving

the signal for civU war. The successes of the barons, led

by De Montfort, in the west, and his victorious entry into

London again reduced the king to submission, but only to

bring once more also into prominence the divided slato of

Leicester's supporters. Louis's one-sided Mise of Amiens

(1264), however, rendered another appeal to arms on the

part of the barons inevitable, and by the victory of Lewes

(I4th May 1264) De Montfort for tie tame became master

of England. Taking Henry, his prisoner, along with him
to London, lie summoned thither the parliament, which

met in June, and drew up the constitution or scheme of

government associated with his name, of which tho most
striking feature is the new development it gives to the

representative system. A still further advance in tlie

development took place in 12G5, when borough members,
as distinguished from county members, were for the first

time summoned. Meanwhile troubles in the west required
De Montfort's presence in the field, and, by tho alliance of

his rival Gloucester with Roger Jlortimer, as well as by
the escape of Prince Edward, who put himself at the head
of the royalist opposition, tha great parliamentary leader

was i)laced in serious straits. At Evesham, where he had
halted on his march to join his son at Kenilworth, he was
surprised by tho army of Prince Edward, and after a
struggle of about two hours was slain on the field of battle

(4th August 1265). As regards the personal character of

De Montfort, it is not surprising to find that contemporary

opinion T.-as divided ; but of his determination, constancy,

and energy there can be no question, while much is re-

vealed by the fact that, though in an unauthorized way,

his memory was revered in England as a saint and martyr,

offices were drawn up in his honour, his intercession in-

voked, and miraculous virtues attributed to his relics.

The painstaking labours of recent investigators have tended

to bring into clearer light the purity and nobleness of pur-

pose of Simon de Montfort as a consistent defender of the

rights of the governed ; on the other hand, it has also be-

come obvious that the representative institutions of Eng-

land, though largely helped forward by him, can hardly be

claimed as his creation. Thus on both sides the statement

of Hume that the House of Commons was planted by the

inauspicious hand of this bold and artful conspirator must

be rejected as inconsistent with the facts.

Compare England, vol. viii. p. 310 sqq., and see the monographs
of Panli {Simon von Montfort, Graf von Leicester, Der Schojifer dcs

Saiiscs der Gcmeinen, Tubingen, 1867) and Prothero {The Life of
Si7non de Monlforl, 1877), and the literature there referred to.

MONTGOMERY (Welsh, Sirydd Tre Faldwyn), an

inland county of Wales, is bounded E. by Shropshire, N.E.

by Denbigh, N.W. by Merioneth, S.W. by Cardigan, and S.

by Radnor. Its greatest length from south-east to north-

west is about 40 mUes, and its breadth from east to west

about 35 mUes. The area is 495,089 acres, or about 773

square miles. The surface is broken and undulating,

but it is only round the borders i)f the county that the

hills reach any great height, the highest summits of the

different ranges being generally in the adjoining counties.

To the north are the Berwyn chain, stretching into Denbigh-

shire, in the east the Breiddon hills, in the south the Kerry

hiDs, and in the south-west Plinlimmon, the highest summit

of which is in Cardigan. These various mountain ranges

form the watershed of the numerous rivers of Jlontgomerj-

shire. With the exception of the Dyfi, vvhich rises near

Bala Lake and fails into Cardigan Bay, and the Wye, which

flows south into Radnorshire, all the principal rivers are

tributaries of the Severn (Welsh, Hafren), which rises on

the east side of Plinlimmon and traverses the whole length

of the county from south-west to north-east. The principal

of these tributaries are the Clywedog, the Taranon, tho

Rhiew, and the Yyrnvvy. This fine succession of river-

valleys broaden out as they reach the great vale of the

Severn, and the beauty of Jhe scenery is enhanced by an

abundance of oak and other trees. The Montgomeryshire

canal, which has a length of 27 mHes, and passes the

principal to\vns, is connected with the EUesmere canal,

thus afibrding water communication with Chester and

Shrewsbury.

Montgomeryshire is occupied chiefly by Lower Silurian

rocks. The boundary between it and Merioneth is formed

by the Bala beds. In the centre and east, near Llanfair

and Montgomery, Wenlock shales prevail. In the neigh-

bourhood of Welshpool the Silurian rocks have been fre-

quently dislocated by volcanic masses, one of the most
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remarkable of wliich is Corndon Hill, rising to a height of
1700 feet, la some places the sedimentary rocks have
been penetrated by trap mingled with shale or schist.
Along the lines of dislocation there are frequent deposits
of metallic lodes, carried there by the heated water rising
from below. The lead mines of Montgomeryshire are of con-
siderable importance, and at present the metal is wrought
at seven different places. In 1881 the amount of lead ore
obtained in the various mines was 3432 tons, yielding 2693
tons of lead and 25,432 oz. of silver, the total value being
£36,495. There were also obtained 1414 tons of zinc
ore, yielding 610 tons of zinc, of a total value of £3231.

Agriculture.—The climate is mild and genial, and the soil in the
valleys remarkably fertile, especially along the banks of the Severn.
A considerable portion on the borders of Merioneth is, however,
occupied chiefly by heath and moss. The niunber of holdings has
been rather decreasing of late years, the decrease being chiefly in
those below 60 acres in extent, which in 1880 (the latest year
regarding which there is information) numbered 3572, while there
were 1650 between 50 and 300 acres, and 45 above 300 acres, of
which 2 were above 1000. According to the agricultural returns of
1882, the total area of arable land was 256,084 acres, or nearly one-
half of the whole. Of this 53,538 were under com crops, 163,441
were permanent pasture, 23,882 rotation grasses, and only 11,107
green crops ; 457 acres were under orchards, 2 under market gafdens,
87 under nursery grounds, and 22,744 under woods. Of the corn
crops, wheat occupied 18,665 acres, and oats 23,937 acres. Cattle,
which are chiefly Herefords and cross-breeds, though there are some
Devons and a few of the old Montgomeryshire breed, numbered
62.003 in 1882, of whifh 21,912 were cows and heifers in milk or in
ealf. Horaea in 1882 numbered 13,985, of which 7060 were used
solely for agricultural purposes. The county was long famous for
its hardy breed of small horses called merlins, which are still to be
met with. Many good hunters and cart-horsea are now bred. The
number of sheep in 1882 was 305,641. On some of the heath lands
in the centre and west of the county a diminutive breed of sheep
called cluru is pastured, but those kept in the better cultivated
regions are principally Shropshire Downs. According to the latest

return, the land was divided among 3241 proprietors, possessing

387,342 acres, with a gross annual rental of ^£378,512. Of these,

1314, or 40 per cent., possessed less than one acre, 32 possessed
between 1000 and 2000 acres, and 25 between 2000 and 5000 ; the
following possessed upwards of 5000 acres, viz.—Earl Powis, 33,545

;

Sir W. W. Wynn, 32,963 ; Lord Sudeley, 17,168 ; J. Naylor, 9276 ;

and marquis of Londonderry, 7400.
Manufactures.—In all the towns the manufacture of woollen

doth, especially Welsh flannel, is carried on, and although the
industry was lately on the decline it is now reviving.
Administration and Populalion.— Montgorfleryshire comprises

nine hundreds, and the municipal boroughs of Llanidloes (3421) and
Welshpool (7107). Llanfyllin, Llanidloes, Machynlleth, Mont-

fomery, Newtown, and Welslipool form the Montgomery district of

oroughs, with a total population in 1881 of 19,925, and return one
member to parliament. One member Ls also returned for the county.

Montgomeryshire is partly in the dioceses of Bangor, Hereford, and
St Asaph, and contains sixty-eight civil parishes, townships, or

places, as well as parts of other parishes in adjoining counties. From
65,700 in 1831 the population had increased in 1851 to 67,335, and
in 1871 to 67,623, but in 1881 it had diminished to 65,718, of whom
33.004 were males and 32,714 females.

History.—At the time of the Roman invasion, Montgomery was
possessed by a tribe of the Cymri called Ordoviccs. Traces of

several of the old British camps still remain, the principal being
those at Dolarddyn, on Breidden Hill, and at Caereinion. There are

also a large nnniber of cairns and barrows. The county waa tra-

versed by the great Roman road, the Via Dcvana, which was joined

by a number of others ; but the remains of Roman camps or stations

are unimportant. After being vacated by the Romans, little is

known of the history of Montgomery, until Wales was subdirided

into three districts at the death of Rhodri the Great.
_
Montgomery

waa then included under Powys, and foniied the chief portion of

Powys Gwenwyn\vyn, somerimea called Upper Powys. Powys or

Powis Castle, the seat of the rulers of Upper Powya, was founded in

1108. Baldivyn, from which the county takes its Welsh name, was

lieutenant of the marches ; and, for the purpose of holding the dis-

tnct in check, a castle was built about the end of the Uth century,

which, after being captured by the natives, was retaken by Roger

do Montgomery. He gave his name to the castle, and to the sur-

rounding district of ancient Powys, which was made a county by

Henry VIIL in 15S3.

MoNTaoMEET, the county town, b situated on the decli-

vity of a well-wooded hill near the eastern bank of the

Severn, 21 J miles eonth by west of Shrewsbury, and 187f

by rail north-west by north of London. It 13 a clean and
well-built town, but somewhat scattered and irregular.

The principal buildings are the parish church of Saint
Nicholas (an old cruciform structme) and the town-halL
The borough has returned members to parliament since

the time of Henry VIIL, but by the Reform Act of 1832 it

was constituted one of the Montgomery district of boroughs,
which together retain one member. The population of
the borough (oxeu, 3323 acres) was 1194 in 1881

There are only a few crumbling remains of the old fortress of
Montgomery, originally founded in the time of William the Con-
queror to overawe the Welsh, and held by Roger de Montgomerv,
from whom the town takes its name. The castle was greatly
enlaiged in the time of Henry IIL, when it was the scene of fre-

qtient contests between that monarch and Llewelyn the Great. In
the 14th century it was held by the Mortimers, from whom it passed
to the house of Yorlj. By the cro\ra it was granted in the 16th
century to the Herberts of Cherbury, but during the Civil War it

was surrendered by Lord Herbeit of Cherbury to the Parliamentary
forces, by whom it was dismantled.

MONTGOMERY, a district in the lieutenant-governor-
ship of the Punjab, lying between 29° 58' and 31° 33' N.
lat., and between 72° 29' and 74° 10' E. long., is bounded
on the N.E. by Lahore, on the S.E. by the river Sutlej,
on the S.W. by JIultin, and on the N.W. by Jhang. The
area is 5573 square miles. Montgomery district, formerly
known as Gugaira, occupies a wide extent of the Bin
Dodb, or wedge of land between the Sutlej and the Rdvi,
besides stretching across the latter river into the adjoining
Rechna DoAb. In the former tract a fringe of cultivated

lowland skirts the bank of either river, but the whole
interior upland consists of a desert plateau partially over-

grown with brushwood and coarse grass, and in places with
impenetrable jungle. On the farther side of the RAvi,
again, the country at once assumes the same desert aspect.
The census of 1868 returned the population at 859,437 (males

200,016, females 159,421), viz., Hindus, 69,805 ; Mohammedans,
277,291 ; Sikhs, 12,286 ; and "others," 55. The Jats, or pastoral
tribe, form the most distinctive class in the district. They bear
the name of " Great Ravi," in contradistinction to the purely agri-

cultural classes, who are contemptuously styled " Little Ravi."
They possess a fine physique, with handsome features, claim a
Rajput ancestry, and despise all who handle the plough. In
former days they exercised practical sovereignty over the agricul-

tural tribes. Only two towns in the district contain over 5000
inhabitants, viz., Pak Pattan (6086) and Kamalia (6695). The
town of Montgomery, the headquarters station, had a population of
only 2416 in 1868.

Out of a total assessed area of 3,569,746 acres, only 638,240 aic
returned as under cultivation. In 1872-73 the rabl (or spring
harvest) acreage waa as follows :—wheat (the chief crop), 162,989
acres; barley, 30,134; gram, 21,416; musUrd, 2077 ; and tobacco,
1303 acres. In the same year the A-Aar(/(or autumn harvest) acreage
was:—-yo(fr, 20,509 acres; rice, 18,727; cotton, 16,916; ill, 12,457;
kangni, 9493 ; and sugar-cane, 498 acres. Irrigation is practised

from rivers, canals, and wella ; the total area irrigated by public
works is 66,495 acres, and by private works, 158,709. The desert

uplands afi'ord after the rains a scanty pasturage for the scattered

herds of the Great Rivi Jits, and yield an impure carbonate of soda
(snjjl) from the alkaline plants with which they abound. The com-
mercial staples include wheat, rice, gram, nrillets, cotton, wool, ghi,

hides, and Sfjji. Large numbers of camels are bred for exportation.

The imports comprise sugar, salt, oil, English piece goods, mitals,

indigo, and fruits. The maunfactures consist of country cloth,

coarse striped silk, and lecquered wood-work. The Lahore and
Milltan railway intersects the district, which is also traversed in

every direction by good unmetalled highways. The revenue of the
district in 1871-72 amounted to i:47,954, of which £42,355 was
derived from the land-tax. Education in 1871-72 was afforded by
69 aided and unaided schools, with a total of 1417 pupils. The
aveiage annual rainfall for the seven years ending 1872-73 was 9-C
inches.

From time immemorial the Rechna DoSb has formed the home
of a wild race of pastoral Jats, who havft constantly maintained a
sturdy independence against the successive rulers of northern Indin.
The historians of Alexander's invasion mention a tribe called the
Cathreans, who probably had their capital at Sangala in the Jhang
district, and the Malli with their metropolis at MiiltAn, as in
possession of this part of the country. The sites of Kot Kamalia
and Haiappa in Montgomery contain large mounds of antique
bricks and other ruins, while many other remains of inciin'. cities
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or WUages lio scattered along the river bank, or dot tlio now barren
stretches of the central waste, clearly marking the former existence
of a considerable .population. The pastoral tribes of this barren
expanse do not appear to have paid more than a nominal allegiance
to the Jloslem rulers, and even in later days, when Ranjit Sinh
e.xteuded the Sikh supremacy as far as Multin, the country yielded
little or no revenue, and the population for the most part re-
mained In a chronic state of rebellion. British influence was first

exercised in the district in 18-)7, when an officer was deputed to
effect a summary settlement of the land revenue. Direct British
rule was effected on the annexation of the Punjab in 1849. The
only incident since then was a general rising of the wild clans dur-
ing the mutiny of 1857, several actions being fought before the
clans were defeated and dispersed and order restored.

MONTGOMERY, a city of the United States, the
capital of Alabama, is built on a high bluflF on the left

bank of the Alabama river, 158 miles north-east of Mobile,
with which it is connected by rail (180 miles) and by a
steamboat service (330 miles). The State-house, rebuilt
in 1851 at a cost of $75,000, occupies a commanding
site on Capitol Hill. There are a city-hall, a court-house,
and two theatres, a large floiu--mill, a cotton-factory, two
oil-mills, a fertilizer-factory, and several foundries and
machine shops. The population was 16,713 in 1880; and,
in consequence of the marked increase in commercial and
industrial activity since that date, it is now (1883) esti-

mated at 19,000. Founded in 1817, and named after

General Richard Montgomery (1736-75), the town of Mont-
gomery became in 1847 the seat of the State Government
instead of Tusgaloosa. From February 1861 to May 1862
it was the capital of the Southern Confederation. In 1865
it was seized by the Federal forces under General Wilson.
MONTGOMERY, Alexander, whose life fell between

1550 and 1610, was the last of the series of Scottish poets
who flourished in the 16th century und«r the patronage of

the Jameses. With the union of the crowns, and the

transference of James VI. from Edinburgh to London,
court favour -was withdrawn from Lowland Scotch ; it

practically ceased to be a literary language, and no poetry

of mark was written in the dialect, if we except that of

Allan Ramsay's school, till it reappeared in literature as

the instrument of the Ayrshire peasant. By a curious

coincidence, Montgomery seems to have been, like Burns, a
native of Ayrshire. A commendatory sonnet from his

pen, extravagantly flattering, as was the custom of the

time, was printed with King James's Essays of a Prentice

in 1584 ; he received a pension from the crown a few

years later, fell into disgrace apparently for a time, was

reinstated in favour, and accompanied his patron to Eng-

land. As might be expected from the poet of a court

where the king himself was a keen critic, Montgomery's

miscellaneous poems show a careful attention to form , he

tried many metrical experiments, and managed many
complicated staves with skill. The sonnet form, at that

time a leading fashion in English, verse, was also cultivated

at the Scottish court; and Montgomery's sonnets possess

considerable merit. His most successful poem, published

in 1597, and frequently reprinted in Scotland, was the

allegory of The Cherry Mid the Slae. The poet, smitten

by Cupid, conceives a longing for some cherries, beautiful

fruit, but growing high up on a steep and dangerous bank,

above a roaring waterfall. Shall he climb and win?

Hope and courage and will urge him to try ; dread and

danger and despair counsel him to be content with the

humbler fruit of the sloe, which grows within easy reach.

Experience, reason, wit, and skill debate the question.

In the end he resolves to venture for the cherry, -with the

active help of these last-named powers. The conflicting

counsels of the poet's advisers are very pithily expressed in

proverbs for and agairist the adventurous enterprise, and the

description of the situation is strong and vivid. IMont-

iromery was no unworthy successor to Henryson and

Dunbar in executive finish, but the want of originality in

his poems shows that the old impulse was nearly ex-

hausted.. There are traces of Italian influence in hie

sonnets and love songs, but it was much less powerful

with him than with his English contemporaries.

MONTGOMERY, James (1771-1854), poet and jour-

nalist, was justly described by Lord Byron, in a footnote

to Enf/lish Bards and Scotch Retieivers, as "a man of 'con-

siderable genius," though it was going far beyond the mark
to speak of his Wanderer of Switzerland (his first notable

poem, published in 1806) as being worth a thousand

"L3Tical Ballads." Montgomery was born 4th Novem-
ber 1771, at Irvine in Ayrshire, Scotland. Part of his boy-

hood was spent in Ireland, but he received his education

in Yorkshire, at the Moravian school of Fulneck, named
after the original home of the Moravians, to which sect his

father belonged. He drifted at an early age into journalism,

and edited the Sheffield Iris for more than thirty years.

When he began his career the position of a Dissenting jour-

nalist was a d^fiicult one, and he twice suffered imprisonment

(in 1795 and 17S6)on charges that now seem absurdly forced

and unfair. His Wanderer was mercilessly ridiculed by the

Edinburgh Review, but in spite of this Slontgomery pub-

lished many poems, which had a wide popularity :

—

fhe

West Indies, 1810; The World Before the Flood, 1812;
Greenland, 1819; Songs ofZion, 1822 ; The Pelican Island,

1827. On account of the religious character of his poetry,

he is sometimes confounded with Robert Montgomery, very

much to the injustice of his reputation. The inspiring force

of James Montgomery's poetry was the humanitarian senti-

ment which has been such a power in the political changes

of this century, and the pulse of this sentiment is nowhere

felt beating more strongly than in his verse. His poetry

has thus an historical interest altogether apart from ita

intrinsic value as poetry. But this value is far from con-

temptible or commonplace. Strictly speaking, Montgomery
was more of a rhetorician than a poet, but his imagination

was bold, ardent, and fertile, and more than one of his greater

contemporaries owed occasional debts to his vigorous inven-

tion and even to his casual felicities of diction, while some
passages from his poems keep a place in the literature that

is universally read and quoted. At the close of his career

as a journalist, when all parties agreed in paying him
respect, he claii^ed for his poetry that it was at least not

imitative, and the claim was just as regarded conception

and choice of subjects ; but as regards diction and imagery

the influence of Campbell is very apparent in his earlier

poems, and the influence of Shelley is supreme in the

Pelican Island, his last and best work as a poet. His
Lectures on Poetry and General Literature, published in

1833, show considerable breadth of sympathy and power
of expression. Memoirs of him were published in seven

volumes in 1856-8. They furnish valuable materials for

the history of English provincial politics in the 19th

century. He died at Sheffield 30th April 1854.

MONTGOMERY, Robert (1807-1855), author of The
Omnipresence of the Deity (1828), Satan (1830), and The
Messiah (1832), was the Montgomery ridiculed and de-

notmced in Macaulay's famous essay. As a poet, he deserved

every word of Macaulay's severe censure ; the marks of

intellectual feebleness— tautologous epithets, absurdly

mixed metaphors, and inapt lines introduced for the sake

of rhyme—are visible in every page of his versification.

It should be mentioned that Macaulay's " trouncing " did

not diminish the sale of his so-called poems ; one of the

works expressly ridiculed reached its 28th edition in 1858

His real name is said to have been Gomery.

MONTH. See AsTRONOxnr. vol. ii. p. 800. and

Calendar.
MONTILL.\, a smali aaci unimportant ciif ul Spala ia
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the piovince of Cordova, 32 miles to the south of the city

of Cordova, on the llalaga railway, is strikingly situated on
two hills which command a beautiful and extensive prospect

of the surrounding country. The manufactures (princi-

pally weaving) are imimportant, and the trade of the place

is chiefly in agricultural produce. The oil of the surround-

ing district is abundant and good ; and it is the peculiar

flavour of the pale dry light wine of ilontilla that gives

its name to the sherry known as Amontillado. The popu-

lation in 1878 was 13,207. Montilla was the birthplace

of " The Great Captain," and still shows the ruins of the

castle of his father, Don Pedro Fernandez de Cordova.

MONTLUC, Blaise de Lasseran-MassencOme, Seiq-

NEUR DE (c. 1503-1577), marshal of France, was born

about 1503, at the family seat near Condom in the

modern department of Gers. He was the eldest son, and
his family was a good one, but it was large and poor,' and,

like most gentlemen of Gascony, he had to trust for endow-

ment to his sword. He served first as a private archer and
man-at-arms in Italy, with Bayard for his captain, fought

all through the wars of Francis L, and was knighted on
the field of C^risoles (1538). Having apparently enjoyed

no patronage, he was by this time a man of middle age.

Thenceforward, however, his merits were recognized by his

appointment to various important posts. His chief feat was
the famous defence of Siena (1555), which he has told so

admirably. When the religious wars broke out in France,

Montluc, a staunch royalist, held Guienne for the king,

and exercised severe but impartial justice on Catholics and
Protestants alike. He would have nothing to do with the

Massacre of St Bartholomew, Henry HI., however, made
him marshal of France, an honour which he had earned by
nearly half a century of service and by numerous wounds.
He died at Estillac near Agen in 1577. Montluc's eminence
above other soldiers of fortune in his day is due to his

Commentaires (Bordeaux, 1592), in which he described his

fifty years of service. This book, the " soldier's Bible " (or

"breviary," according to others), as Henry TV. called it, is

one of the most admirable of the many admirable books of

memoirs producedby the unlearned gentry of France at that

time. It is said to have been dictated, which may possibly

account in some degree for the singular vivacity and
picturesqueness of the style. Hardly any author excels

Montluc in the. clearness with which he brings military

operations before the reader. As with most of his con-

temporaries, his work is didactic in pu;pose, and he often

pauses to draw morals for the benefit of young commanders,
but never tediously. The eloquence displayed in some of

the speeches is remarkable. These Commentaires are to be

found conveniently in the collection of Michaud and
Ponjoulat, but the standard edition is that of the Societe

de mistoire de Frawx, edited by M. de Ruble (5 vols.

1865-72).

MONTLU^ON, the indnstrial capital of the centre of

France, sometimes called the French Manchester, is the

head of an arrondissement, and the largest town (26,079

mhabitants in 1881) of the department of AUier. The
upper town consists of steep, narrow, winding streets, and
preserves several buildings of the 15th and 16th centuries

;

the lower town, traversed by the river Cher (there converted

into a canal communicating with that along the Loire), is

the seat of the manufacturing industries, which embrace

glass, steel, and iron •works, lime-kilns, saw-mills, and a

wool-spinning factory. The Commentry coal-mines are

only a few nules distant. There is railway connexion with

Moulins (50 mOes to the east-north-east), Bourges, Limoges,

and Clermont-Ferrand, and a new line is about to be opened

to Tours via Chateauroux. Of the churches, Notre Dame
is of the 15tlLcentru7, St Pierre partly of the J2th, and St

Paul modem. The town-hall, with a library, occupies the

site of an old Ursuline convent, and two other convents now
serve as college and hospital.

Montlu9on, which existeJ as early as the 10th century, was take*
by the English in 1171 and by Philippe Auguste in 1181 ; the English
were beaten under its walls in the 14th century The castle, rebuilt

by Louis II., duke of Bourbon, was taken by Henry IV. during the

religious wars ; at present it is occupied as a barracks.

MONTMORENCY, the name of one of the oldest and
most distinguished families in France, is derived from
Montmorency, now in the department of Seine-et-Oise, in

the immediate neighbourhood of Enghien and St Denis,

and about 9 miles to the north-north-west of Paris. The
family, since its firrt appearance in history in the person of

Bouchard or Bttrchard I., sire de Montmorency in the lOtb

century, has furnished six constables and twelve marshals

of France, several admirals and cardinals, numerous grand
officers of the crown and grand masters of various knightly

orders, and was declared by Henry IV. to be, after that of

the Bourbons, the first house in Europe. Matthieu L, sire

de Montmorency, received in 1138 the post of constable, and
disd in 11 60. His first wife was Aline, the natural daughter

of Henry I. of England ; his second, Adelaide or Alice of

Savoy, widow of Louis VI. and mother of Louis Vil.

According to Duchesne, he shared the regency of France
with Suger, during the absence of the latter king on the

second crusade. Matthieu II. had an important share

in the victory of Bouvines (1214), and was made grand

constable in 1218. During the reign of Louis VUI.
(1223-1226^ he distinguished himself chiefly in the south

of France (Niort, Rochelle, Bordeaux). On the accession

of Loxiis IX. he was one of the chief supports of the queen-

regent Blanche of Castile, and was successful in reducing

all the vassals to obedience. He died in 1230. His younger

son, Guy, in right of his mother, became head of the house of

Montmorency-Laval. Anne de Montmorency (1493-1567),

so named, it is said, after his godmother Anne of Brittany,

was the first to attain the ducal title. He was bom at

ChantiUy in 1493, and was brought up with the dauphin,

afterwards Francis I., whom he followed into Italy In 1515,

distinguishing himself especially at Marignaao. In 1516
he became governor of Novara ; in 1520 he was present at

the Field of Cloth of Gold, and afterwards had charge of

important negotiations in England. Successful in the

defence of Meziferes (1521), and as commander of the Swiss

troops in the Italian campaign of the same year, he was

made marshal of France in 1522, accompanied Francis into

Italy in 1524, and was taken prisoner at Pavia in 1525.

Released soon afterwards, he was one of the negotiators of

the treaty of Madrid, and in 1530 reconducted the king's

sons into France. On the renewal of the war by Charlea

V.'s invasion of France in 1536, Montmorency compelled

the emperor to raise the siege of JIarseilles ; he afterwards

accompanied the king of France into Picardy, and on the

termmation of the Netherlands campaign marched to the

relief of Turin. In 1538, on the ratification of the tea

years' truce, he was rewarded with the office of constable,

but in 1541 he fell into disgrace, and did not return to

public Hfe tintil the accession of Henry 11. in 1547. In

1548 he repressed the insurrections in the sQuth-west,

particularly at Bordeaux, with great severity, and in 1549-

1550 conducted the war in the Boulonnais, negotiating the

treaty for the surrender of Boulogne on 24th March 1550.

In 1551 his barony was erected into a duchy. Soon after-

wards his armies found employment in the north-east ia

connexion with the seizure of Metz, Toul, and Verdun by
the French king. His attempt to relieve St Quentin issued

in his defeat and captivity (10th August 1557), and he did

not regain his liberty until the peace of Cateau-Cambr&ia

in 1 559. Supplanted in the intlerval by the Guises, he was

treated with coldness by the new king, Francis XL, and

compelled to give up his mastership of the royal house-
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hold,—his son, however, being appointed marshal by way
of indemnity. On the accession of Charles LX. in IDCO
he resumed his offices and dignities, and, uniting with his
former enemies, the Guises, played an important part in the
Huguenot war of 1562. Though the arms of his party
were victorious at Dreux, ho himself fell into the hands
of the enemy, and was not liberated until the treaty of
Amboise (19th March 1563). In 1567 he again triumphed
at St Denis, but received the death-blow of which ho died
soon afterwards at Paris. His eldest son, FEAJ^qoiSE do
Montmorency (1630-1579), was married to Diana, natmal
daughter of Henry II. ; another son, Henei I. de Mont-
morency (1534-1614), was constable of France from 1593.
Hkney n. (1595-1632), son of duke Henry I., succeeded to
the title in 1614, having previously been raised by Louis
XETL to the office of grand admiral. In 1625 he def«ated
the French Protestant fleet under Soubise, and seized the
islands of Rhe and Oleron, but the jealousy of Eichelieu
deprived him of the means of foUowing up these advantages.
In 1628-1629 he was allowed to command against the duke
of Kohan in Languedoc ; in 1 630 he defeated the Piedmon-
tese, and captured Prince Doria, at Avigliana, and took
SaJuces. In the same year he was created marshal. In 1632
he joined the party of Gaston, duke of Orleans, and placed
himself at the head of the rebel army, which was defeated
by Marshal Schomberg at Castelnaudary (1st September
1632); severely wounded, he fell into the enemy's hands,
and abandoned by Gaston, was executed as a traitor at
Toulouse on 30th October. The title passed to his sister

CHAELOTTE-MAKGtTEEiTE, princess of Cond6.
MONTORO, a town of Spain, in the province of Cordova,

27 miles to the north-north-east of that city, on the Madrid
railway, staads on a rocky peninsula on the south bank of
the Guadalqiiivir, here crossed by a fine bridge of four arches
dating from the 1 6th century. Its most conspicuous build-

ing is a hospital, said to be one of the best in Andalucia.

The most important article of commerce is the oil of the

surrounding district. The population of the ayuntamiento
was 13,293 in 1878.

MONTPELIER, a town of the United States, the capital

of Vermont (since 1805), and the county seat of Washington
county (since 1811), is situated in 44° 17' N. lat. and 72°

36' W. long., on the Winooski or Onion river, wliich falls

into Lake Champlaiiu It has a station on the Central

Vermont Railroad, and is the western terminus of the

Montpelier and Wells River and the Montpelier and White
River Railroads. The State-house, in the form of a Greek
cross with a dome and Doric poriico, was erected at a cost

of $150,000, to replace the structure burned down in 1857.

Under the portito stands a marble statue (by Larkin G.

Mead) of Ethan Men (1737-1789), the hero of Vermont.

The State library contains 20,000 volumes. From 2411

in 1860 the population had increased to 3219 in 1880.

MONTPELLIER, chief town of the department of

H^rault, France, is situated at the junction of several

railway lines, on a small hill rising above the Lez, at its

confluence with the Merdanson, about 480 miles south of

Paris, and about 7 miles from the Mediterranean, from

which it is separated by the lagoons of P6rols and I'ArneL

As the headquarters of the 16th corps d'arm^e, aa the seat

of a bishop, of a university, and of a court of appeal,

MontpeUier is the principal place of lower Languedoc. The

Place du Peyrou, 575 feet in length by 410 in breadth,

one of the finest squares in France, occupies the highest

part of the town, and terminates in a terrace, commanding

a magnificent view of the coasts of the Mediterranean, and

of a wide stretch of country reaching to the Cevennes on

the north, to the spurs of the Pyrenees on the south-west,

and to those of the Alps on the north-east. On the terrace

is Bitnated the reservoir of the town, the water bemg

brought from a distance ot 5 or 6 miles by an aqueduct
of two tiers of arches, about 70 feet in height. In tie

centre of the sqnaro is an equestrian statue of Louis XTV:
To the right and left are promenades, on which the chief

boulevards converge. The BoiJevard Henri IV. to the
north leads to the botanical garden, medical college, and
cathedral ; to the cast the Kue Nationale leads to the
palace of justice, the prefecture, and the citadel. The cathe-

dral, which until 1536 was the church of a Benedictine
monastery, suff'ered severely during tie religious wars, but
about thirty years ago it was restored in the style of the
13th century. It has four towers, and is one of the largest

churches in southern France, being more than 300 feet in

length, 92 in breadth, and 88 in height. The monastery,

after being converted into the bishop's palace, has since

1795 being occupied by the famous medical school. The
portrait of Rabelais hangs in the gallery of former professors.

Connected with the medical school is an anatomical museum
and a rich library. MontpeUier also possesses a faculty

of science, with several fine collections, a faculty of letters,

a higher school of pharmacy, an agricultural college, and
a sericidtural institute. The museum contains more than
600 paintings, in addition to collections of marbles, bronzes,

and antiquities. The botanical garden, more than 10 acres

in extent, is the oldest in France, having been laid out
in 1593. The esplanade, ornamented by fine old trees

planted by the due de Roquelaure, formerly governor
of Languedoc, leads towards the citadel. The inner city has

narrow and tortuous streets, but many good houses. Among
the public buildings, the principal are the palace of justice

—a modern structure, the facade adorned with statues of

the statesman Cambacires and of Cardinal Fleury—the

barracks, several hospitals, the juvenile seminary, and the

central prison for females. There are several learned

societies, including an academy of science and letters, an
antiquarian society, several medical societies, and others

for various separate branches of study, including the

dialect of Languedoc. The Lez has been deepened and
widened so as to connect MontpeUier with the Canal du
Midi and with the sea at Palavas. The town has

a considerable trade in wine and brandy. The principal

industrial establishment is a manufactory for wax-tapers,

candles, and soap, doing business to the amount of £400,000
per aimum. There are also chemical works, cooperages,

distiUeries, &c. The population in 1881 was 56j005.

MontpeUier first rose into importance after the destruction of

Magiiolone by Charles Martel in 737. Its prosperity dates from
the beginning of the 12th ceutnry, when its school of medicine
(see voL xv. p. 807) first began to acquire fame. It had a school

of law in 1160, and a imiversity was founded by Pope Nicholas IV.
in 1292. St Louis (Louis IX.) granted to the to«ii the right of

free trade with the whole of the kingdom, a privL'ege which greatly

increased its prosperity. In 1204 MontpeUier became a dependency
of the house of Aragon, through marriage, and in 1350 it was sold

to Philip of Yalois. In the time of Charles VIII. it is said to have
had 35,000 hearths. It took the place of the bishopric of Mague-
lone in 1536. At the time of the Eeformation it became one of

the most important centres of Protestantism, but was taken by
Louis XIII., who erected the citadel commanding the town.

Several years afterwards MontpeUier was partly depopulated by
the plague. Of the old fortifications little now remains save the

gate of Peyrou, a triumphal arch of date 1712, opposite the pJace

of the same name.
See Gtsrmain, Histoire du comiTwr« de MontpeUier antirievremerU a Touvirtura

du port de Cette (2 vols.. 1801X and HUtoire de la commune de MontpeUt«r(ivdis.t
1851) ; Aigrefeuille, Histoire de la ville de MontpeUier (1877).

MONTPENSIER, Ajwte Maeie LoinsE d'Okl^ans,
DucHESSE DE (162'7-1693), one of the most remarkable

names on the somewhat arbitrary list of royal and noble

authors, was bom at the Louvre on 29th May 1627. Hej
father was Gaston of Orleans, " Monsieur," the brother of

Louis Xm., celebrated for the invariable Ul fate which
attended his favourites and partisans. Her mother was
Marie de Bourbon, heiress of the Montpeuisier fauuly. P>-.'ng
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thus of the blood-royal of France on both sides, and an
heiress to immense property, she appeared to be very early

destined to a splendid marriage. It was perhaps the greatest

misfortune of her life that " Mademoiselle " (as her courtesy

title went) was encouraged or thought herself encouraged

to look forward to the throne of France as the result of a
marriage with Louis XIV., who was, however, eleven years

her junior. Ill-luck, or her own wilfulness, frustrated

numerous plans for marrying her to various persons of more
or less exalted station, including Charles II. of England,

then Prince of Wales. She was just of age when the Fronde
broke out, and, attributing as she did her disappointments

to MazarLn, she sympathized with it not a little. It was
uot, however, till the new or second Fronde that she dis-

played in a very curious fashion a temper and courage as

masculine and adventurous as those of her father Gaston
had always been effeminate and timid. She not only took

nominal command of one of the armies on the princes'

side, but she literally and in her own person took Orleans

by escalade, crossing the river, breaking a gate, and mount-
ing the walls with the applause of the populace of the city,

but in face of the refusal of the authorities to admit her.

No good result, however, came to her party from this

extraordinary act, and she had to retreat to Paris, where
she practically commanded the BastUle and the adjoining

part of -the walls. On the 2d of July (1652) the battle

of the Faubourg Saint Antoine, beta-sen the Frondeurs

under Cond6 and the royal troops under Turenne, took

place, and the former, being beaten, found themselves in

an awkward situation, between their conquerors and the

walls of a city, which, though not exactly hostile to them,

was not nominally on their side, and had closed its gates

against them. Mademoiselle saved them by giving orders

not merely for the gates \mder her control to be opened

but for the cannon of the Bastille to fire on the royalists,

which was done. Her own residence (and indeed her pro-

perty) was the Luxembourg, and here she found herself

during the riots which followed the battle ; but in the

heat of the imeute she installed herself m. the hotel de

ville, and played the part of mediatrix between the opposed

parties. Her political importance lasted ejtactly six months,

and did her little good, for it created a lifelong prejudice

against her in the mind of her cousin, Louis XIV., who
never forgave opposition to his sovereign power. Nor
had she any support to look for from her pusillanimous

father, who hastened to make terms for himself,—a matter

^he less diflScult that his known faithlessness had pre-

vented the chiefs of the Fronde from engaging him at

all deeply in their schemes. Mademoiselle, on the other

hand, was for some years in disgrace, and resided on her

estates. It was not till 1657 that she reappeared at

court, but, though projects for marrying her were once

more set on foot, she was now past her first youth. Her
incurable self-will, moreover, still stood in her way, and

suitor after suitor was rejected for reasons good or bad.

She was nearly forty, and had already corresponded

.seriously with Madame de MotteviUe on the project of

establishing a ladies' society " sans mariage et sans amour,"

when a young Gascon gentleman named Puygiiilhem.

afterwards celebrated as M. de Lauzun, attracted her atten-

tion. It was some years before the affair came to a crisis,

but at last, in 1670, Mademoiselle solemnly demanded the

king's permission to marry.Lauzun. Madame de S^vign^'s

letter on this occa.»ion is one "of the most famous of her

coUection. Louis, who liked Lauzun, and who had been

educated by Mazann in the idea that Mademoiselle ought

not to be allowed to carry her vast estates and royal blood

to any one who was himself of the blood-royal, or even to

any foreign prince, gave his consent, but it was not imme-

diately acted on. The pride of the other members of the
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royal family, and the spite of the king's brother. Monsieur,

who had, after the death of Henrietta of England, made
offers to his cousin, prevailed with Louis to rescind hia

permission Not long afterwards Lauzun, for another

cause, was iiaprisoned in Pignerol, and it was years before

Mademoiselle ^as able to buy his release from the king by
settling no small portion of her estates on Louis's bastards.

The elderly lovers (for in 1681, when Lauzun was released,

he was nearly fifty, and Mademoiselle was fifty-four) were

then secretly married, if indeed they had not gone through

the ceremony ten years previously. But Lauzun, a coarse

and brutal adventurer, tyrannized over his wife, and her

spirit, which was yet unbroken, at length got the better ot ber

passion. It is said that on one occasion he addressed her

thus, " Louise d'0rl6ans, tire-moi mes bottes," and that she

at once and finally separated from him. She lived, tow-
ever, for some years after he had achieved his last adven-

ture (that of. assisting the family of James IL to escape

from England, and attempting to defend their cause in

Ireland), gave herself to religious duties, and finished her

Memoires, which extend to within seven years of her death

(9th April 1693), and which she had begun when she was
in disgrace thirty years earlier. These Memoires (Amster-

dam, 1729) are of very considerable merit and interest,

though, or perhaps because, they are extremely egotistical

and often extremely desultory. Mademoiselle writes with-

out art, but with the hereditary ability of her family, and

the strongly personal view which she takes of public events

is rather an advantage than a disadvantage. They are to

be found in the great collection of Michaud and Poujonlat,

and have been frequently edited apart. (g. sa.)

MONTREAL, the largest city in the Dominion of

Canada, its chief seat of commerce and principal port ot

entry, is situated on an island of about 30 miles in length

and 7 in 'breadth, at the confluence of the rivers Ottawa
and St Lawrence, 45° 32' N. lat. and 73° 32' W. long.

It stands at the head of ocean navigation, 160 miles above

Quebec, and nearly 1000 miles (986) from the Atlantic

Ocean, and lies at the foot of the great chain of river,

lake, and canal navigation which extends westward through

the great lakes. Montreal is built upon a series of terraces,

the former levels of the river or of a more ancient sea.

Behind those rises Mount Royal, a mass of trap-rock thrown

up through the surrounding limestone strata to a height of

700 feet above the level of the river. From this rock the

city derives its name, though its original founder, Paul da

Chomedey, sire de Maisonneuve, in 1642, gave it the name
of Ville-Marie, when it was dedicated with religious enthu-

siasm, not as a centre of commercial enterprise, but as the

seat of a mission which aimed specially at the conversion of

the native Indians. The modern city of Montreal occupies

an area of about eight square miles,—its principal streets

running parallel with the river. On the north aide of the

Moimtain the Trenton limestone approaches the surface,

and is there quarried for building purposes.. Of this grey

limestone most of the public edifices and many of the better

class of private dwellings are built. But both brick and
wood are largely used for workshops and private houses of

a humbler class. The western slope of the Mountain ia

occupied by the Cote des Neiges (Roman Catholic) ceme-

tery, and the Mount Royal (Protestant) cemetery. The
upper portion of the Mountain, embiacing an area of 430
acres, is now laid out as a public park, with fine drives

shaded by well-grown trees. From its commanding site,

and the wide expanse of the valley of the St Lawrence,

the views on all sides are of great' variety and beauty.

A well-cultivated and wooded coimtry, watered by the

Ottawa and the St Lawrence, stretches away on either

hand, being bounded on the west by the lakes of St Louis

and the Two Mountains, and on the distant horizon by
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the Latirentian Hills, the Adirondacks, and the Green

Mountains of Vermont. On the east side the city occupies

the slope towards the river St Lawrence, which has here

a breadth of from one to two miles. Two islands, the

Nun's and St Helen's Isles—the latter rising to a height

of 150 feet, beautifully wooded, and laid out as a public

park—occupy the bed of the river immediately below the

Lachine Falls, and between them the river is spanned

by the great Victoria Bridge. This wonderful triumph

of engineering skill is a tubular iron bridge supported

on twenty-four piers of solid masonry, with the terminal

abutments of the same, and measuring 9184 feet in

length. The river descends at the rate of 7 miles an

hour at the point where it is thus crossed; and the

/ ^^.^it^.

Plan of Montreal.

1. MHSm CoUege.
2. Christchurch Cathedral (Epbcop.)
5. Chnrch of the Gesu.
4. St Peter's CathedraL
6. Bailway Station.

C. Notre Dame.
7. Champ de Mars.
8. Court pouse.
9. CityH&lL

10. BonsecooTS Market.

pierS are constructed with a view to resist the enormous
pressure of the ice in spring. Near at hand the towers,

spires, and domes of numerous churches and public build-

ings Tise from the general mass of houses. The wharves

and docks are crowded with shipping during the season of

navigation, for the St Lawrence is navigable to Montreal by
the largest ocean steamers. But immediately above the

city the river is impeded by a natural* dyke of trap and
limestone which here arrests the waters in their descent,

forming the Lake St Louis at a height of 44 feet above
the level of Montreal harbour. The nver here forces its

way through a channel of about half a mile wide, with

a rapidity of about 18 miles an hour, forming the Lachine
or St Louis Rapids. Owing to the immense volume of

water concentrated in a narrow channel, steamers drawing
ten feet of water are safely navigated down the rapids,

but these necessarily present an insuperable barrier to the

ascent of the river. This is accordingly surmounted by
means of the Lachine Canal, which, commencing at the

port of Montreal, passes round the falls by a series of

locks, in a course of nine miles, to Lake St Louis, opposite

the Indian village of Caughnawaga. The fall of water

in the canal furnishes water-power for saw-mills, boiler and
engine works, sash, blind, door, edge-tool^ and other

factories, established on its banks. Sugar-refining has

also been carried on hero with great profit. Woollen and
cotton milk, silk factories, a large rubber factory, rope and
cordage works, boot and shoe factories, &c., are likewise

organized on an extensive scale. The water supply of

Montreal is derived from the river above the city ; and,

after passing along an open canal 5 miles in length, it

is raised to a reservoir excavated out of the solid rock on
the east slope of the Mountain, 205 feet above the level of

the harbour.
The circumstances attendant on the foundation of Montreal, and

the marked contrasts in its mixed population of French and English,

give a peculiar character to its religious and benevolent institutions.

This has led to the multiplication of churches, colleges, convents,

and religious and charitable foundations, and to a rivalry in the

zeal of their promoters, one result of which is seen in the scale and
imposing character of many of their buildings. The iletropolitan

Cathedral of St Peter, designed to reproduce on a reduced scale

the chief features of St Peter's at Rome, was projected by Bishop
Bourget after the destruction of his church and palace in the great

fire of 1852. It occupies a prominent site in Dorchester Street,

at the comer of Dominion Square ; and, when sunnounted by the

projected dome and finished in front with its classic facade, it will

form a striking feature in the general view of the city. The
parish church of Notre -Dame, on the Place d'Armes, afibrda

accommodation for 10,000 worshippers. The Jesuits' Church is

another large church, elaborately painted in the interior. Near it

is the College of St Mary. Christchiu'ch Cathedral (Protestant)

is a fine specimen of Decorated Gothic, built e'xternally of the
native Jimestone, but with the chief facings and carvings of the
exterior and the whole of the interior of fine Caen stone. It was
erected under ^ho direction of Bishop Fulford, the first Anglican
bishop of Montreal, to whose memory a memorial cross, after the
model of the Queen Eleanor crosses, has been erected on the south
side of the cathedral. The other churches of the various Protest-

ant denominations include St George's, Anglican, St Andrew's
and St Paul's (Presbyterian), St James Street Methodist Church,
the Church of the Messiah, Unitarian, &c
The H6tel Dien, founded in 1644 for the cure of the sick, now

occupies a building at the head of St Famille Street. A body of
professed sisters and novices perform the duties of nursing and
attendance, and upwards of 3000 sick persons are annually received

into its wards. Tno order of the Grey Nuns, founded in 1737, have
built a new hospital in Guy Street. The professed sisters of this

religious community, numbering at present 310, receive under their

care the aged and infirm and orphan and foundling children of
the French Canadian population. They also undertake the care

of various asylums and schools in different parts of the city. Mont-
real has also a General Hospital, founded in 1822 ; a Protestant

House of Industry, the Mackay Institution for Deaf-Mutes, the

Protestant Orphan Asylum, Infants' Home, &c. The curiously

mixed character of the population of Montreal is further shown
in its separate daOy and weekly newspapers in the English and
French languages, and in its various national societies, of St George,

St Andrew, St Patrick, St Jean Baptiste, and New England,—each
confining its charitable operations to those of the nationality which
it represents. There are two theatres in Montreal, but the Roman
Catholic clergy have systematically discountenanced the stage, and
the diverse languages have further tended to limit the numbers who
patronize the drama.
Among the chief civic buildings is the city hall, "built in the

modem French style, with lofty mansard roofs, aiid a central

pavilion. It affords accommodation for all the municipal ofiices,

including the waterworks and fire alarm departments, the recorder's

court, the police office, and for the meetijigs of the city corpora-

tion, which consists of a mayor and twenty-seven aldermen. Three
aldermen are elected by each of the nine wards, one of whom retires

every year. The court house, situated close to the city hall,

between the Champ de Mars and Jacques Cartier Square, is a hair^-

some classical buUding where all the law courts hold their sittings ;

and accommodation is provided for the Advocates' Library, which
numbers upwards of 10,000 volumies, including a fine collection o<

books in the department of old French civil law. Bonsecours

Market in St Paul Street is a large sbructure surmounted by a

dome, which forms a prominent feature in every view of the city.

AVhen it is crowded with the peasants bringing in their country

produce, and by the French Canadian city populace as purchasers,

as is the case especially on Tuesdays and Fridays, the scene is very

striking to a stranger.

Foremost among the educational institutions is the university of

M'Gill ColleOT, founded by James M'GiU, a Scotchman, who in the

later years of the 18th century engaged in the north-west fur trade.
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and ultimately became one of the leading meTchants in Montreal.

At his death in 1813 he left hia property for the founding of a col-

lege. The most recent and liberal addition to it ia the Feter Ked-
path Museum, valued at upwards of $100,000, the gift of a wealthy
citizen. The university embraces the faculties of arts, law, and
medicine, and has also a department of practical science. The
college buildings stand in a pleasant park fronting on Sherbrooke

Street, at the base of the Mountain. Theological colleges in con-

nection with the Church of England, the Presbyterian, Methodist,

and Congregational Churches, occupy buildings in the vicinity, and
their students attend the classes at M'GUl College for secular instruc-

tion. The Seminary of St Salpice is a theological training school

for priests, where the larger portion of the Koman Catholic clergy

of the province of Quebec have received their training, and also a
college where a large number of the French Canadian youth obtain

their education. This seminary is held in high esteem, and attracts

many Roman Catholic students from the United States. Laval

University, which has its chief seat at Quebec, has also a branch
at Montreal, with a large staff of professors, chiefly in theology,

law, and inedicine. The M'GiU and the Jacques Cartier Normal
Schools for training teachers for the Protestant and Roman Catholic

public schools are conducted under the Protestant and Roman
Catholic boards of public instruction ; and model schools attached

to them afford the requisite practical training for teachers. The
principal public monuments are the column erected in honour of

Lord Nelson, and a bronze statue of Queen Victoria, by the late

Marshall Wood, which occupies a good site in Victoria Square.

The commerce of Montreal is well represented by the architec-

toral character of its banking establishments and many of the large

mercantile houses. It is also the seat of a large manufacturiug
industry. But the most substantial evidence of its importance as

a commercial centre is its harbour. The solidly-built basins,

wharves, quays, and canal locks extend for upwards of a mile and
a half along the river-side. In 1849, at a period of depression, the
total value of the imports and exports amounted to £2,013,478
sterling. In 1882 they had risen to £15,633,657 sterling. The
business of the port at the same date is thus expressed in Canadian
currency:—total valneofexportsS26,334,312,ofimportsS49,749,461;
customs duties collected estimated at $8,100,366. The number of

sea-going vessels in port was 64S, qf which fully one-half were ocean
steamers, in addition to which the inland vessels arriving at the
port numbered 6543. The estimated value of real estate in Montreal
is §65,978,930. The population in 1851 numbered 67,715 ; in 1881
it had increased to 140,747, of whom 78,684 were of French and
28, 995 of Irish origin, and of the whole number, 1 03,579 were Roman
Catholic
The city returns three members to the Canadian House of

Commons, and the same nmnber to the provincial lagislature of

Quebec.
When the first French explorers landed on the island of Montreal

nder the leadership of Jacques Cartier in 1535, a large Indian
palisaded town existed a little to the west of Mount Royal, and not

ur from the present English cathedraL To this fortified town the

Indians gave the name ef Hochelaga, and Jacques Cartier describes

it as surrounded by iields of grain and other evidences of a settled

native population. The name is now applied to the eastern suburb
of the modem city. Sixty years later, when Samuel de Champlain
made his way up the St Lawrence, and climbed to the summit of

Mount Royal, the populous native town had disappeared, and only

two Indians were found from whom some obscure hints were derived

of war between rival tribes, followed by the destruction of the town
and the extermination or flight of its former occupants. The enmity
thus established between the Wyandotts or Hnrons of Canada and
the Iroquois settled in the valley of the Hudson and south of Lake
Ontario was perpetuated throughout the wholeperiod of French
occupation. Champlain took the side of the Huroiis, -while the

Iroquois allied themselves with the Dutch and English settlers on
the Hudson. Thus the early history of Montreal is largely occupied

»ith incidents of Indian warfare. In 1665 the marquis de Tracy
arrived from France, bringing with him a regiment of French
scldiers, with whose aid the Indian assailants were driven ofi', and
forts erected and garrisoned to repel their incursions ; thus pro-

tected, Montreal became the centre of the fur trade with the west,

and entered on Its history as a commercial city. In 1722 it was
fortified with a bastioned wall and ditch, tmder the directions of

De Lery ; and the citadel was erected on a height now laid out as

Dalhousie Square. The taking of Quebec by the English under
General Wolfe in 1769 was followed ere long by the surrender of

Montreal Since that date it has rapidly developed as an impor-

tant centre of commercial and manufacturing enterprise. (D, W.)

MONTROSE, a royal and parliamentary borough and

eeaport of ForfaTsMre, Scotlanci, is situated on the German
Ocean at the mouth of the South Esk, on a branch of the

Caledonian Railway, 30 miles east-north-east of Dundee,

and 38 south-south-west of Aberdeen. Tts harbour basin.

formed by the estuary of the' South Esk, has an area of

about 4 square miles, and is dry at ebb-tide, but at high

water there is a depth of about 18 feet at the bar. The
length of the quays and docks is about IJ miles. The
South Esk is crossed by a suspension bridge erected in

1829 at a cost of £20,000, and having a length from the

points of stispension of 422 feet (with its approaches 800
feet). On the links to the east of the town is one of the

finest golfing greens in Scotland. In the High Street,

which is of considerable width, and contains several very

lofty houses, there are monuments to Sir Robert Peel and to

Joseph Hume, formerly member for the Montrose boroughs.

The principal buildings are the parish church—one of the

largest churches in Scotland—the to^vn-house, the infirmary,

and the academy. There is a public library with 19,000

volumes, and a mechanics' library -with 7000 volumes.

Besides the staple industry of flax-spinning, there are

manufactures of linen, sail-cloth, sheetings, starch, and

soap. Iron-founding, tanning, and brewing are also carried

on. The export trade is chiefly in manufactured goods,

agricultural produce, and fish ; the principal imports are

timber and coal. In 1881 the number of ships that

entered coastwise was 373 of 48,828 tons, the number that

cleared 250 of 21,877 tons ; the number engaged in the

foreign and colonial trade in the same year was—entered

108 of 34,868 tons, cleared 42 of 10,359 tons. Montrose

is also one of the principal fishing-stations in Scotland, the

number of registered boats in 1881 being 342 of 4168
tons, giving constant employment to 697 persons, and occa-

sional employment to 300. Montrose joins with Arbroath,

Brechin, Forfar, and Inverbervie in returning one member
to parliament. The population of the royal burgh in 1871

was 15,720, and 16,280 in 1881 ; the population of the

parliamentary burgh in the same years was 14,452 and

14,975.

Montrose received a charter from David I. in- the 12th century,

and was made a royal burgh by David II. in 1352. The town was
destroyed by fire in 1244. ' It was from the port of Montrose that

Sir James Douglas in 1330 [embarked for the Holy Land with the

heart of Bi-uce, and that Prince James Stuart, "the Old Pretender,"

set sail in 1716 for France, after the failure of his cause in Scotland.

The town is the birthplace of Andrew Melville, of the great marquis

of Montrose, and of Joseph Hume.

MONTROSE, James Graham, Marquis op (1612-

1650), born in 1612, became the fifth earl of Montrose by

his father's death in 1 626. He was educated at St Andrews;

and in 1629, at the early age of seventeen, he married

Magdalene Carnegie, daughter of the earl of Southesk. In

1636, on his way home from a prolonged visit to the Conti-

nent, he sought an introduction to Charles I., but, as it is said,

was frustrated in his hope of obtaining the king's favour by

an intrigue of the marquis of Hamilton, Not long after

the outbreak of the Scottish troubles in 1637 he joined

the party of resistance, and was for some time its most

energetic champion. He had nothing puritanical in his

nature, but he shared in the ill feeling aroused in the

Scottish nobility by the political authority given by

Charles to the bishops, and in the general indignation at

the king's ill-judged scheme of imposing upon Scotland a

liturgy which had been dra-wn up at the instigation of the

English court, and which haa been corrected in England

by that Archbishop Laud who now became known in Scot-

land under the nickname of " the pope of Canterbury."

Montrose's chivalrous enthusiasm eminently qualified him to

be the champion of a national cause, and the resistance of

Scotland was quite as much national as it was religious.

He signed the Covenant, and becatno one of the foremost

Covenanters. The part assigned to him was the suppres-

sion of the opposition to the popular cause which arose

around Aberdeen and in the country of the Gordons. Three

times, in July 1638, and in March and June 1 639. Montrose
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entered Aberdeen, where he thoroughly succeeded in effect-

ing his object, on the second occasion carrying off the
head of the Glordons, the marquis of Huntly, as a prisoner
to Edinburgh.

In July 1639, after the signature of the treaty of
Berwick, Montrose was one of the Covenanting leaders
who visited Charles upon the borders. This change of
policy on his part is frequently ascribed to the fascination
of the king's conversation. In reality it arose from the
nature of his own convictions. He wished to get rid of
the bishops without making presbyters masters of the
state. His was essentially a layman's view of the situa-
tion.^ Taking no account of the real forces of the time,
he aimed at an ideal form of society in which the clergy
should confine themselves to their spiritual duties, and in
-which the king, after being enlightened by open communi-
cation with the Scottish nation, should maintain law and
orderwithout respect of persons. In the Scottish parliament
which met in September, Montrose attempted to carry out
this policy, and found himself in opposition to Argyll, who
had placed himself at the head of the Presbyterian and
national party, which, by an alteration of the rules that
had hitherto regulated the selection of the Lords of the
Articles, gave supremacy in parliament to the representa-
tives of the middle classes. Montrose, on the other hand,
wished to bring the king's authority to bear upon parlia-

ment to defeat this object, and offered him the support of

a great number of the nobles, who were by this time as
much opposed to the predominance of the Presbyterian
clergy acting upon the middle classes as they had before

been opposed to the predominance of the bishops. He
failed, because Charles could not even then consent to

abandon the bishops, and because no Scottish party of any
weight could be formed unless Presbyterianism were estab-

lished ecclesiastically.

Rather than give way, Charles prepared in 1640 to in-

vade Scotland. As usual, he prepared difficulties for those
who wished to support him. iljontrose was of necessity

driven to play something of a double part. In August
1640 he signed the Bond of Cumbernauld as a protest

against the particular and direct practising of a few—in

other words, against the ambition of Argyll. But he took
his place amongst the defenders of his country, and in the

same month he was the first to wade across the Tweed at

the head of the invaders of England. After the invasion

had been crowned with success, Montrose still continued

to cherish his now hopeless policy. On 27th May 1641
he was summoned before the Committee of Estates charged
with intrigues against Argyll, and on 11th June he was
imprisoned in Edinburgh Castle. When Charles visited

Scotland to give his formal assent to the abolition of

Episcopacy, Montrose communicated to him his belief that

Hamilton was a'traitor. It has indeed been alleged, on
Clarendon's authority, that he proposed to murder Hamilton
and Argyll ; but this is in all probability only one of Claren-

don's many blunders. His letters to Charles, however,

nust betaken in connexion with this so-called incident.

During the progress of the investigation of this plot, Mon-
trose remained in custody, and upon the king's return to

England he shared in the amnestywhich was tacitly accorded

to all Charles's partisans.

For a time Montrose retired, not voluntarily, from public

life. After the Civil War in England began he constantly

pressed Charles to allow him to make a diversion on Scot-

land. At last in 1644, when the Scottish army entered

England to take part against the king, Montrose, now
created a marquis, was allowed to try what he could do.

He set out to invade Scotland with about 1000 men. But

his followers deserted, and his condition appeared hopeless,

Genius, li"wever. inspired him with courage. Disguised

as a groom, he, with only two genilemen, started on 18th
August to make his way to the Highlands. No enterprise

might seem rasher. Highlanders had never before been
known to combine together, but Montrose knew that most
of the clans detested Argyll, not because they were royalist

but because Argyll, as the head of the QampbeUs, was the

chief of an aggressive and unscrupulous tribe. Montroso
did not miscalculate his chances. The clans rallied to hi»

summons. About 2000 Irish had crossed the sea to assist

him. He won battle after battle. He defeated the Cove-

nanters at Tippermuir on 1st September, and at the Bridge

of Dee on 1 2th September. Rapidity of movement was the

'distinguishing featiu-e of hie generalship. He crossed the

mountains 'deep with a winter's snow into the country of

Argyll, burning and destroying as he rested for a time

from more active operations. On 2d February 1645 he
crushed the Campbells at Inverlochy, whilst the head of

the house, who was no warrior, looked on at the disaster

from a boat. The Scottish parliament declared Montrose

to have forfeited his life and estate as a traitor, but it could

not reach him to execute the sentence. On 19th February

he captured Elgin, through March he was ravaging Aber-

deenshire and Kincardineshire, on 3d April he -stormed

Dundee, then on 9th May came the victory of Auldearn, on

2d July the victory of Alford, and on 1 5th August the great

victory of Kilsyth. Never tiU after this battle had Mon-
trose ventured far from the Higliland hills. The High-

landers had the habit of running home after a victory to

secure their booty. Now, however, Montrose found himself

apparently master of Scotland. In the name of the king,

who now appointed him lord-lieutenant and captain-general

of Scotland, he summoned a parliament to meet at Glasgow
on 20th October, in which he no doubt hoped to reconcile

loyal obedience to the king with the establishment of a

non-political Presbyterian clergy. Tha,t parliament never

met. In England Charles was in evil case. He had been

defeated at Naseby on 14th Jime, and Montrose must
come to his help if there was to be still a king to proclaim.

He never had a chancs of knowing what Montrose could

do against the " new model " army. David Leslie, the best

of the Scottish generals, was despatched against Montrose

to anticipate the invasion. On 12th September became
upon Montrose, deserted by his Highlanders and guarded

only by a little group of followers, at Phibphaugh. He
won an easy victory. Montrose cut his way through to

'

the Highlands ; but he failed to reorganize an army. On
3d September 1646 he embarked for Norway.

Montrose was to appear once more on the stage of Scot-

tish history. In June 1649 he was restored by the exiled

Charles U. to his nominal lieutenant-governorship of Scot-

land. In March 1650 he landed in the Orkneys to take

the command of a small force which he had sent on before

him. Crossing to the mainland, he tried to raise the clans,

but the clans would not rise, and on 27th April he was
surprised and captured at Corbiesdale in Ross-shire. On
18th May he entered Edinburgh as a prisoner. On the

20th he xvas sentenced to death by the parliament, and he
was hanged on the 21st, with Wishart s laudatory biography

of him put round his neck. To the last he protested that

he was a real Covenanter and a loyal subject. " The Cove-

nant which I took," he said, " I own it and adhere to it.

Bishops, I care not for them ; I never intended to advance

their interest." Something, at least, of Montrose's dream,

so impossible to realize at that time, has been realized in

Scotland. Scotland has remained ecclesiastically Presby-

terian. The political legality which Jlontrose wished to

uphold agaiiist factions by means of the king has been

upheld by means of the political ripeness of the Scottish

nation itself. (a. b. g.)

MONT ST MICHEL, a curious rocky isiet, consisting
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of a mass of granite about 3000 feet in compass and 165
feet in height, rises at a distance of nearly a mile from
the shore in the bay of St Michel, near the mouth of the

Couesnon, at the vertax of the angle formed by the coasts

of Brittany and Normandy. The quicksands by which it

is surrounded, and which stretch far to seaward, are ex-

posed at low water, and highly dangerous to those who
venture on them without a guide. Recently efforts at

reclamation have been made, and amongst other works a
causeway has been constructed connecting Mont St Michel

with the nearest point of the mainland (near Moidrey)

;

an unfortunate consequence of these operations has been

that some portions of the ramparts of the island have been

sapped by the altered tidal currents. The fortress-abbey,

to which the rock owes its fame, stands upon the more
precipitous side towards the north and west ; the sloping

portion towards the east and south is occupied by dwelling-

houses. The strong machicolated and turreted wall by
which the whole is surrounded is pierced only by a single

gateway. The northward wall of the abbey (La Merveille),

dating from the 13th century, is of remarkable boldness;

it is 246 feet in length and 108 feet in height, is sup-

ported by twenty buttresses, and is pierced by a variety of

openings. ITie single street of the island, leading from
the one gateway up to the donjon of the fortress, is lined

with houses, most of them used as lodging-houses by
visitors and pilgrims; it contains an old parish church,

and the house of Du Guesclin is also pointed out. The
abbey consists principally of two parallel buildings of

three stories each, that on the east containing hospitimn,

refectory, and dormitory, and that on the west the cellar,

knights' hall, and cloister. The knights' haU is-a superb

piece of Gothic architecture, measTiring 85 feet by 59,

with three rows of richly-ornamented pillars. The cloister

is one of the purest and most graceful works of the 13th

century (1228). The church has a number of imperfect

turrets, and .is surmounted by a square tower of the 17th

century, with a statue of St Michael, which was crowned
in 1877. The nave, which dates from the 11th century, is

Norman ; but the choir, which collapsed in 1421, has been

rebuilt in the flamboyant style. Beneath is a fine crypt.

Mont St Michel was a sacred place even in the time of the Druids.

It became a seat of Christian worship in the 8th century, when a

monastery was founded upon it (with the usual miraculous accom-
paniments) by St Aubert, bishop of Avranches. It soon became
a favourite resort of pilgrims, not only from all parts of France, but
also from Great Britain and Ireland, and even from Italy. It was
plundered by the Normans ; but Eollo, on his conversion, made
restitution. At the time of the Conquest it supplied William of

Normandy with six ships, and received a considerable share of the

English spoila About this time the monks began to give them-
selves to learning and to collect a large library, and in the 12th

century the establishment reached its nighest prosperity. It was
burnt by the troops of Philip Augustus, who afterwards furnished

large sums for its restoration (La Merveille).' St Louis (Louis IX.)

made a pilgrimage to Mont St Michel, and was afterwards very liberal

to it. During the hundred years' war it offered a memorable resist-

ance to the English ; and here, on 1st August 1469, Louis XI.

instituted the order of St Michel, and held a brilliant chapter. A
similar celebration was held by Francis I. During the religious

wars the Huguenots made repeated unsuccessful attempts to seize

the fortress ; it opened its gates to Henry IV. after his abjuration.

About 1616 the Benedictine monks of Mont St Michel were re-

placed by monks of the Congregation of St Maur ; after the Revolu-

tion the abbey was used as a prison for political offenders. It is

now an historical monument; it contains an orphanage, and is under-

going repairs.

MONTSERRAT, one of the Leeward Islands in the

West Lidies, situated 16° 45' N. lat._and 62° 7' W. long.,

is 12 miles long and 8 broad in its widest part, and has an

area of 32 square miles. The uneven and rugged surface

suggests possibly volcanic origin. Its general appearance

is very picturesque, the most interesting natural feature

being the SoufFrifere. The island was . discovered by

Cohimbus in 1493, and received its name either because

of its broken appearance or after the mountain in Spain.

It was colonized by the EngUsh under Sir Thomas Warner

in 1632, and was taken by the French in 1664. Restored

to the English in 1668, it capitulated to the French in

1^782, but was again restored in 1784. It is now a pre-

sidency under the general government at Antigua, and has

a legislative council, composed of officials and crown nomi-

nees. The climate is the most healthy in the West Indies.

The population (10,-087) consists principally of negroes,

with several hundred whites. The revenue and expendi-

ture average £5600 per annum. Sugar exports range from

1200 to occasionally 2000 tons. An important industrj-

is the cultivation of limes and the manufacture of juice.

About 700 puncheons of raw lime juice, 300 hogsheads o:

concentrated juice, and an increasing quantity of fresh green

limes are exported annually. For the three years ending

1880 the average value of imports was £26,390, of exports

£32,963. The principal town is Plymouth, lying midway
along the south-west coast.

MONTSERRAT. Thirty miles to the north-west of

Barcelona in Spain there rises a very remarkable mountain

of grey conglomerate, 24 miles in circumference, and at its

loftiest point (San Geronimo) a little more than 4000 feet

in height. From the comparative lowness of the surround-

ing district, and from its extraordinary coiifiguration, it is

a conspicuous object for many miles around. The mountain

consists of jagged pinnacles and spires rising abruptly from

the base of the mass, which is cloven with many clefts, and

abounds with steep precipices. It is the Mons Serratua of

the Romans, the Monte Serrado of the Spaniards, and is

thus named either in allusion to its jag<;ed appearance, like

the teeth of a saw, or because the eastern face is split, as

if sawn,—^which occurred, say the Spanish legends, at the

time of the crucifixion, when the rocks were rent. The
arms of the monastery repr£sent a mountain with a saw
resting upon it and penetrating some distance into its mass.

Its pinnacles and pyramids and sharp angular masses

resemiile a mountain of hard crystalline volcanic tufiT which
occurs between . Akureyri and Kalmanstunga in Iceland.

The effect of Montserrat may be realized faintly if we place

ourselves upon the roof of Milan cathedral, and imagine the

forest of spires magnified a thousandfold. The central

spire will represent San Geronimo. The result of this varied

contour in the case of Montserrat is to make it one of the

, most picturesque places in Europe. Paths wind along the

faces of the precipices, ascending to bare grey summits,

descending to sheltered valleys filled with evergreens and
flowers. The Pyrenees are seen in one direction, the sea in

another, while the Llobregat winds at the foot of the

mouiitain through the village of Monistrol. Manresa and
other villages are seen scattered over the plain ; and hills

covered with a warm red soil alternate with rich valleys.

Street says of Montserrat,— "After much experience of

mountaioa, it strikes me more each time that I see it as

among the very noblest of rocks."

The monastery, a great pUe of buildings, stands upon a

narrow platforUi on the edge of a vast chasm in the eastern

face of the mountain. It owes its existence to an image

of the Virgin, said to have been carved by St Luke, and
brought to Barcelona by St Peter in 30 a.d. When the

Moors invaded the province in 717, the image was taken

to Montserrat and hidden in a cave. In 880 Gondemar.
bishop of Vich, was attracted to the cave by sweet sound?

and smells, and there found the image, which he determined

to take to Manresa. But at a certain spot on the mountair
the image refused to proceed farther ; there it was conse-

quently deposited, and a chapel was erected to contain it.

A stone cross near the walls of the monastery still marks
the spot where the image refused to move. Round the

chapel a niumery was built, and in 976 this was enlarged
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and converted into a Benedictine monastery. Philip II.

built the present churcL In 1835 the monastery was
suppressed and despoiled of the vast treasures which had
accumulated during the Middle Ages. But the buildings

were allowed to remain, as well as a few of the fathers to

take charge of the Virgin's shrine. At present they number
19; a hundred years ago there were 76 monks, 28 lay-

brothers, 25 singing boys, together with surgeon, physician,

aiid servants. The possessions then consisted of numerous
hamlets, besides great quantities of plate and jewels, includ-

ing 85 silver lamps.

Ndestra Sefiora de Montscrrat, Patrona de Catalufia, is one of the
most celebrated images in Spain, and her church is visited annually
by more than 80,000 pilgrims. It is a small carved wooden image,
" regularly handsome, but the colour of a negro woman," and pos-

sesses magnificent robes and jewels. It has been visited by numbers
of sovereigns and high ecclesiastics, and by millions of Catalonians.

In September 1881 it was solemnly crowned by Leo XIII., who sent

a crown from Kome for that purpose. Quantities of ex votos are

offered at the shrine : wax models of injured or diseased limbs,

models of ships, pictures and clothes, jewels and silver hearts.

As the celebrity and sanctity of Monteerrat increased, so did the
number of devotees. Ignatius Loyola laid his sword upon the altar

of the Virgin, and, placing himself under her protection, started from
Montserrat to commence his new life. Many eminent Spaniards,

weary of the world, have retired to this monastery to end their days.

Some preferred solitary hermitages perched among the rocks. Of
these there were fifteen, eleven of which once formed a via sacra^

ending at the summit of San Geronimo. They were destroyed by the

French, but the ruins of some of them still remain. From all the

view is magnificent ; some are indeed placed on the edges of preci-

pices in almost inaccessible places. There are also caves in the moun-
tain, some of which were formerly occupied by monks. The most
celebrated of these are the cave of the Virgin, in which the Santa
Imogen remained hidden until found by Gondemar, and the cave

of Fray Juan Garin, a notorious sinner, who ended his days in the

practice of revolting penances at Montserrat. At Collbato, on the

south-east side of the mountain, near the base, there are also some
very curious caves.

MONTUCLA, Jeak-£tienne (1725-1799), a learned

mathematician, was the son of a merchant, and was bom
at Lyons in 1725. He attended the college of the Jesuits

in his native city, and was early distinguished for his

tenacious memory and his aptitude for mathematics. At
the age of sixteen he removed to Toulouse to prosecute the

study of law ; and after, taking the usual degrees he re-

paired to Paris. There his conversational powers, his solid

information, and his acquirements as a linguist soon intro-

duced him to the notice of- the learned. In the society of

D'Alembert and Lalande his taste for rtiat^ematical studies

was confirmed and stimulated. After publishing two anony-

mous treatises on the Quadrature of the Circle and on the

Duplication of the Cube, he gave to the world in 1758 the

first part of his great work. The History of Mathematics.

Not long after this his merits were recognized by the

Government, and he was promoted to several important

offices. He was appointed intendant-secretary at Grenoble

in 1758, secretary to the expedition for colonizing Cayenne
in 1764, and " premier commis des bitiments " and censor-

royal for mathematical books in 1765. During the next

twenty-five years his time was divided between his official

duties and the study of his favourite science. The Revolu-

tion then ensuing deprived him of his income, and left him
in great destitution. The offer in 1795 of a mathematical
chair in one of the schools of Paris was declined on account

of his infirm health, and he was still in straitened circum-

stances in 1798 when he published a second edition of the

first part of his History. He also enlarged Ozanam's
Mathematical Eecreationx, afterwards published in English

by Dr Hutton (4 vols., Lond., 1803). About four months
before his death (December 1799) a pension of 2400 francs

was conferred upon him. His History of Mathematics was
completed by Lalande, and published at Paris in 1799-1802

(4 vols. 4to).

Montucla's work was the first history of mathematics worthy of the

name. It is characterized alike by elegance of style and by breadth

of treatment Montucia rarely fails in candour, a,nd never in breadth

of sjTupathy ; ho lived at a time when it would have been pardon-

able to treat mathematics "as a French 'science," yet he cannot

with justice be accused of Chauvinism. The study of the history

of mathematics has greatly revived of late years, especially in

Germany, and numerous monographs on special departments have

appeared, in which, as was to be expected, many defects and some
positive errors in Montucla's work have been pointed out, but,

taken as a whole, it stands as yet unsuperseded, unrivalled, fit, as

to its admirable style and enduring quality, to be compared with

Gibbon's Dccliru and Fall of the Soman Empire.

MONZA (locally Monscia), a city of Italy in the pro-

vince of Milan, at the branching of the railway for Lecco

and Como, lies on the Lambro, a tributary of the Po,

mainly on the right bank, in a healthy and attractive

situation. Of the medieval fortifications little remains

save the Porta d'Agrate. The cathedral of St John

Baptist is the principal object, of interest : Theodelinda's

basilica was enlarged at the close of the 13th century by
throwing the atrium into the main building, and the

present marble fa^de was erected about the middle of

the 14th by Matteo da Campione. On the left-hard

side of the front rises an incongruous brick-built tower,

278 feet high, erected by Peregruri. Within the churcli

are the iron crown of Lombardy (removed by Austria

in 1859, and since restored) and the relics of TheodeHnda,

comprising her crown, fan and comb of gold, and the

golden hen and seven chickens, representing Lombardy
and her seven provinces. Next to the cathedral in artistic

importance come the church of Santa Maria in Istrada,

and the broletto or old palace of the commune, usually

styled the Arengario : the former (founded in 1357) has a

rich Bramantesque facade, reckoned one of the best pieces

of terra-cotta work in Lombardy, and the latter is raised

on a system of pointed arches, and has a tall square tower

terminating in machicolations surroimding a sharp central

cone. San Michele was the scene of the coronation of

Conrad III. in 1128, and San Gerardo (formerly Sant'

Ambrogio) is named after the patron saint of ilonza,

Gerardo de' Tintori, who founded the first local hospital in

1174. The royal palace of Monza (1777), with its exten-

sive gardens and parks, lies not far from the town on the

banks of the Lambro. Cotton goods and felt hats are the

staple products of Monza industry ; then dyeing, organ-

buUding, and a publishing trade. The population of the

city was 15,450 in 1871, and that of the commune increased

from 24,661 in 1861 to 28,012 in 1881.

Local antiquaries claim for Monza (Modicia or Modaetia) the rank
of a Koman colony, but it cannot have been a place of consequence

till it attracted the discerning eye of Theodoric ; and, though it was
a favourite residence with his immediate successors, its first im-

portant associations are with Theodelinda (see vol. xiv. p. 815).

During the period of the republics Monza was sometimes inde-

pendent, sometimes subject to MiLon. The Tisconti, who ulti-

mately became masters of the city, built a castle in 1325 on the

site now occupied by the Palazzo Durini In the course of its

history Monza lias stood thirty-two sieges, and been repeatedly p.on-

dered, notably by the forces of Charles V. The countahip (1499-

1796) wa? purchased in 1546 by the wealthy banker Durini, and
remained in his family till the Revolution.

MOOLTAN. See Mi}ltan.

MOON, The. The subject of the moon divides itself

into two separate branches, the one concerned with the con-

stitution of the lunar globe, the other with its motions.

' For the first subject the reader is referred to the article

AsTEONOMY (vol. ii. p. 801 sq.) ; the present article is con-

fined to the second, which is commonly called the Lunar
Theory.

The lunar theory does not yet form a well-defined

body of reasoning and doctrine, like other branches of

mathematical science, but consists only of a series of

researches, extending through twenty- centuries or more,

and incapable of being welded into a consistent whole.
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This state of things arises from. the inherent difficulties

and complexities of the subject, and from the faci that no
one method or system has yet been discovered by which
all the difficulties can be surmounted and all the com-
plexities disentangled. Hence each investigator, when he
has desired to make any substantial advance beyond his

predecessors, has been obliged to take up the subject frojn

a new point of view, and to devise such method as might
seem to him most suitable to the special object in hand.

The historical treatment is therefore that best adapted

to give a clear idea of the results of these investigations.

The ancient and modern histories of the subject are quite

distinct, the modern epoch commencing with Newton. The
great epoch made by Copernicus did not extend to the case

of the moon at all, because in every investigation of the

moon's motion, modern as well as ancient, the motion is

referred to the earth as a centre. Hence the heliocentric

system introduced no new conception of this motion, except

that of taking place round a moving earth instead of round

a fixed one. This change did not affect the consideration

of the relative motion of the earth and moon, with which
alone the lunar theory is concerned. The two stages of

the lunar theory are therefore—(
1 ) that in which the treat-

ment was purely empirical, (2) that in which it was founded

rationally on the law of gravitation

It is in the investigation of the moon's motion that the

merits of ancient astronomy are seen to the best advan-

tage. In the hands of Hipparchus (see Asteoxomy, vol.

ii. p. 749) the theory was brought to a degree of precision

which is really marvellous when we compare it, either

with other branches of physical science in that age, or

with the remarks and speculations of contemporary non-

scientific writers. Whether this was wholly the work of

Hipparchus, or whether he simply perfected a system

already devised by his predecessors, it is now impossible to

say ; but, so far as certain knowledge extends, the works 6f

his predecessors did not embrace more than the deter-

mination of the mean motion of the moon and its nodes.

Although the general fact of a varying motion may have

been ascertained, the circumstances of the variation had

probably never been thoroughly investigated. The dis-

coveries of Hipparchus were :

—

1. The Eccentricity of the Moon's Orbit.—He found that

the moon moved most rapidly near a certain point of its

orbit, and most slowly near the opposite point. The law

of this motion was such that the phenomena could be re-

presented by supposing the motion to be actually circular

and uniform, the apparent variations being explained by the

h3rpothesis that the earth was not situated in the centre of

the orbit, but was displaced byan amount about equal to one-

twentieth of the radius of the orbit. Then, by a well-known

law of kinematics, the angular motion round the earth would

be most rapid at the point nearest the earth—that is, at

perifiee—and slowest at the point most distant from the

earth—that is, at apogee. Thus the apogee and perigee

became two definite points of the orbit, indicated by the

variations in the angular motion of the moon
2. The Motion of the Perigee and Apogee.—As already

defined, the perigee and apogee are at the ends of that

diameter of the orbit which passes through the eccentrically

situated earth, or, in other words, they are on that line

which passes through the centre of the earth and the centre

of the orbit. This line was called the line of apsides. On
comparing observations made at different times, it was

found that the line of apsides was not fixed, but made a

complete revolution in the heavens, in the order of the

signs of the zodiac, in about nine yeirs

3. The Numerical Determination of the Elements of the

Moon's Motion.—In order that the two capital discoveries

just mentioned should have the highest scientific value it

was essential that the numerical values of the elements
involved in these complicated motions should be fixed with
precision. This Hipparchus was enabled to do by lunar

eclipses. Each eclipse gave a moment at which the longi-

tude of the moon was 180° difi'erent from that of the sun,

and the latter admitted of ready calculation. Assuming
the mean motion of the moon to be known and the perigee

to be fixed, three eclipses observed in different points of

the orbit would give as many true longitudes of the

moon, which longitudes could be employed to determine

three unknown quantities—the mean longitude at a given

epoch, the eccentricity, and the position of the perigee.

By taking three eclipses separated at short intervals, both

the mean motion and the motion of the perigee would be
known beforehand, from other data, with sufficient accuracy

to reduce all the observations to the same epoch, and thus

to leave only the three elements already mentioned un-

known. In the hands of a modern calculator the problem
would be a very simple one, requiring little more than the

solution of a system of three equations with as many un-

known quantities. But without algebra the solution was
long tod troublesome, and not entirely satisfactory. Still,

it was probably correct -within the necessary limits of Ihe

errors of the observations. The same three elements being

again determined from a second triplet of eclipses at as

remote an epoch as possible, the difference in the longitude

of the perigee at the two epochs gave the annual motion

of that element, and the difference of mean longitudeS gave

the mean motion. Such was the method of determining

the elements of the moon's motion down to the time of

Copernicus.

The determination of the eccentricity from eclipses, as above
described, leads to an important error in the resulting value of the

eccentricity, owing to the effect of the neglected evection. We
know from our modern theory that the two principal inequalities

in the moon's true longitude are

—

6°'29 sin 3 (Equation of centre),

-l-l°-27 sin (2Z)-(/) (Evection),

where a = mean anomaly, and D = mean angular distance of the
moon from the sun. Now during a lunar eclipse we always have
D = 180° very nearly, and ID = 360°. Hence the evection is then
- 1°'27 sin g, and so has the same argument, g, as the equation of

centre, and so is confounded witli it. The value of the equation
of centre derived from eclipses is thus (6°" Q

-

1°'27= 6°02) sin g.

Therefore the eccentricity found by Hipparchus and Ptolemy was
only 5°, and was more than a degree less than its true value.

The next important step in advance was the discovery

of the "evection," which is described by Ptolemy, (see

AsTEONOiTY, vol. ii. p. 750) as if made by himself. In

view of the bad habit which Ptolemy had of making his

own observations verify results previously arrived at, which

were sometimes in error, we must view such a discovery

by him as q'lite exceptional, and as best explainable by the

large magnitude of the outstanding error. Although, as

just shown, the erroneous eccentricity found by Hipparchus

would always represent eclipses, so that the error could

never be detected by eclipses, the case was entirely different

when the moon was in quadratures. Comparing the in-

equalities aheady written with that found by Hipparchus,

we see that the latter required the correction

—

l°-27 {sin5'-l-sin(2i)-5')} =
r-27 {(1 - cos 2D) sin g + sin 2D cosg} .

At quadratures we have Z) = ±90°, 22)= 180°, and hence

cos 2Z' = - 1 and sin 2D = 0. The omitted inequalities

at these points of the orbit have therefore the value
2° -54 sin g, a quantity so large that it could not fail to be

detected by careful observations with the astrolabe. Such

an inequality as this, superposed upon the eccentric motion

of the moon, was very troublesome to astronomers who had

no way of representing the celestial motions except hf
geometrical construction. The construction proposed by

Ptolemy was so different froin those employed for the.
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motions of the planets, and withal so intricate, that little

^Bterest attaches to it

The student of Arabian science may find much to interest

him in the astronomical speculations of the Arabs, but this

people do not seem to have furnished anything in the way
at suggestive theory. In the fourth book of De Revolu-

Honibtis,^ where we find the lunar theory of Copernicus, no

writer later than Ptolemy is referred to. Moreover, as

already intimated, the work of Copernicus in this particu-

lar direction forms little more than an episode in the his-

tory of the subject. The working hypothesis of the great

founder of modern astronomy was borrowed from the

ancients, and was that the celestial motions were all either

circular or compounded of circular motions. The hypo-

thesis of equal circular motions, though accepted by Ptolemy

in name, was so strained by him in its applications that

little was left of it in the Almayest (the Arabic tr^.nslation

of his Syntaxis). But, by taking the privilege of compound-
ing circular motions indefinitely-^in other words, of adding

one epicycle to another—Copernicus was enabled to repre-

sent the planetary and lunar inequalities on a uniform

system, though his heavens were perhaps worse " scribbled

o'er " than those of Ptolemy. To one epicycle representing

the equation of the centre he added another for the evection,

and thus represented the longitude of the moon both at

quadratures and oppositions. But the third inequality,

" variation," which attains its maxima at the octants and

vanishes at all four quarters, was unknown to him. To
Tycho Brahe is commonly and justly ascribed the discovery

of the variation. Joseph Bertrand of Paris has indeed

claimed the discovery for Abii '1-Wefd, an Arabian astro-

nomer, and has made it appear probable that Abu '1-WefA

really detected inequalities in the moon's motion which we
BOW know to have been the variation. But he has not

shown, on. the part of the Arabian, any such exact de-

scription of the phenomena as is necessary to make clear

his claim to the discovery. As regards Tycho, although

he discovered the fact, he could add nothing in the way of

suggestive theory. To the double epicycle of Copernicus

he was obliged to add a motion of the centre of the whole

lunar orbit round a circle whose circumference passed

through the centre of the earth, two revolutions round

this circle being made in each lunation. Kepler, by intro-

ducing a moving ellipse having the earth as its focus, was

enabled to make a nearer approach to the truth than any

of his predecessors. But the geometrical hypotheses by
which he represented the inequalities due to the action of

the sun form no greater epoch in the progress of science

than do the geometrical constructions of his predecessors.

We may therefore dispose of the ancient history of the

lunar theory by saying that the only real progress from

Hipparchus to Newton consisted in the more exact deter-

mination of the mean motions of the moon, its perigee

and its line of nodes, and in the discoveiy of three new
inequalities, the representation of which required geometri-

cal constructions increasing in complexity with every step.

The modern lunar theory commenced with Newton, and
consists in determining the motion of the moon deductively

from the theory of gravitation. But the great founder of

modem mechanics did not employ the method best adapted

to lead to the desired result, and hence his efforts to con-

struct a lunar theory are of more interest as Ulustrations

of his wonderful power and correctness in matlicmatical

reasoning than as germs of new methods of research. Ho
succeeded perfectly in explaining the elliptic motion of two
mutually attracting bodies round their common centre of

gravity by geometrical constructions. But when the prob-

' The foil title, De RewhilionilAis Orbium Coelestium IMjH VI,
(small folio, Nuremberg, 1 543).

lem was one of determining the variations from the elliptio

motion which would be produced by a third body, such

constructions could lead only to approximate results. The

path to modern methods was opened up by the Continental

mathematicians, whose great work consisted in reducing

the problem to one of pure algebra. The chasm between

the laws of motion laid down by Newton and a problem

of algebra seems so difficult to bridge over that it is worth

while to show in what the real spirit of the modern method

consists. We call to mind the statement of Newton's first

two laws of motion : that a body uninfluenced by any force

moves in a straight line and with uniform velocity for ever,

and that the change of motion is proportional to the force

impressed upon the body and in the direction of such

force. These two laws admit of being expressed in alge-

braic language thus :—let us put m the mass of a material

point; X its distance from any fixed plane whatever; t

the time ; X the sum of the components of all the forces

acting upon the point in the direction jjcrpendicular to thy

fixed plane, it being supposed that each force is resolved

into three mutually perpendicular components, one of which

is perpendicular to the fixed plane ; then the dififerential

equation

expresses Newton's first two laws of motion with a com
pleteness and precision which is entirely wanting in all

statements in ordinary language. The latter can be no-

thing more than lame attempts to express the equation in

language which may be understood by the non-mathe-

matical reader, but which bear the same Relation to the

algebraic equation that a statement of the operations ol

the Bank of England in the symbolic language of a tribe

of savages would bear to the bank statement in pound-s

shillings, and pence. By taking two other planes, perpen-

dicular to each other and to the first plane, we have three

equations Jike the one last ^vritten. The law of gravitation

and Newton's third law of motion enable us to substitute

for X and the other forces the masses and coordinates of

the various attracting bodies. Thus the data of the problem

are expressed by a triplet of three equations for each attract-

ing body. The integration of these equations is a problem of

pure algebra, which, when solved, leads to expressions that

give the position of each body in terms of the time, which

is what is wanted. The special form which it is necessary

to give the equations has not been radically changed diu-ing

the century and a half since this method of reocarch was

opened out. The end aimed at is the algebraic expression

of all the quantities involved in the form of an infinite

series of terms, each consisting of a constant coefficient

multiplied by the sine or cosine of an angle increasing

uniformly with the time. It is indeed a remarkable fact

that, notwithstanding the great advances which modern
mathematics has made in the discovery of functions more
general than the old-fashioned sines and cosines of ele-

mentary trigonometry, especially of elliptic functions, yet

the form of development adopted by the mathematicians of

the last century has remained without essential change.

It will be instructive to notice tlie {general and sinnilo jirotjcrty

of the trijjonometric functions to which is duo their gicat advan-

tage in tho problems of celestial mechanics. It nay be expressed

thus :

—

If wc have any number of q)iantitics^ each ofuhich is cj

pressed in the form of a tri(jOiiomctric series in whieli, the angles

increase nnifurinhj with the time, then all the powers and produtts

of these giiantities, and all their differentiuls and integrals with

respect to the time, mnij he expressed in series of the sameform. This

theorem needs only an illustration by an cxaniplo. Let our quan-

tities be X and Y, and let iis suppose them expressed in the form

X=a cos A + b cos B + ccos C+, kc.

y=a' sin A' + b' sin Ij +if sin C + , &c,

in wliicli wo may suppose that the quantifies a, b, e, &.C., converge

towards zero. In forming their .product, the first term will Lc
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aa! cos A sia J.'. But we liavc cos A sin A-\ sin (A'-vA)

+ i sin (A! -A). Hence tae product ^ K will be of the form

A'y=Ja(i'siu(.4' + ^) + 4ffla'sm(.4'-^) + ia6'siD(^+£' + ),&c.,

which is another series of the same general form. Moreover, if

we suppose the angles A, B, &c., to increase uuiformly with the

time—that is, to admit of expression in the form

A = a + mt, A' = a'+ m't, &c

—

we shall have, by integrating,
' n/r

cos [A" -A), kc,2 [ Xrdt= — -^,cos {A'+A) -

I m + in ^
'

aa!

which, again, is a trigonometric series of the same general form,

which admits of being manipulated at pleasure in the same way
as the original expressions X and Y. This property does not

belong to the elliptic functions, and in consequence, notwith-

standing the great length of the trigonometric series, no attempt

to supersede them has been successful.

The efforts to express the moon's motion by integrating

the differential equations of the dynamical theory may be

divided into three classes. (1) Laplace and his immediate

successors found the problem so complex that they sought

to simplify it by reversing-.its form ; instead of trying from

the beginning to express the moon's coordinates in terms of

the time, they effected the integration by expressing the

time in terms of Ihe moon's true longitude. Then^ by a

reversal of the series, the longitude was expressed in terms

of the time. Although it would be hazardous to say that

this method is unworthy of further consideration, we must
admit that its essential inelegance is such as to repel rather

than attract study, and that it holds out no promise of

further development. (2) By the second general method
the moon's coordinates are obtained in terms of the time

by the direct integration of the differential equations of

motion, retaining the algebraic symbols which express the

values of the various elements. Most of the elements are

small numerical fractions : e, the eccentricity of the moon's

orbit, about 0'0o5 ; e, the eccentricity of the earth's orbit,

about 0017; y, the sine of half the inclination of the moon's

orbit, about 0'046 ; m, the ratio of the mean motions of

the moon and earth, about 0'075 ; and the expressions for

the longitude, latitude, and parallax appear as an infinite

trigonometric series, in which the coefficients of the sines

and cosines are themselves infinite series proceeding accord-

ing to the powers of the above small numbers. This

method was appKed with success by Pont6coulant and
Sir John W. Lubbock, and afterwards by Delaunay. It

should be remarked that the solution by the first method
appears in the same form as by this one after the true

longitude is expressed in terms of the mean longitude.

(3) By the method j ast mentioned the series converge so

slowly, and the final expressions for the moon's longitude

are so long and complicated, that the series has never been

carried far enough to insure the accuracy of all the terms.

This is especially the case with the development in powers

of m, the convergence of which has often been questioned.

Hence, when numerical precision alone is aimed at, it has

been found best to avoid this difficulty by using the

numerical values of the elements instead of their algebraic

symbols. This method has the advantage of leading to

the more rapid and certain determination of the numerical

values of the several coefficients of sines and cosines. It

has the disadvantage of giving the solution of the problem

only for a particular case, and of being inapplicable in

researches in which the general equations of dynamics have

to be applied. It has been employed by Damoiseau, Hansen,

and Airy.

The methods of the second general class are those most

worthy of study. And among these we must assign the

first rank to the method of Delaunay, developed. in his

Theorie du Mouvement de la Lune, because it contains a

germ which may yet develop into the great desideratum of

a general method in celestial mechanics. * To explain it,

we must call to mind the generaJ method of " variation of

elements," due to Lagrange. This method is applicable to

cases in which a problem of dynamics can be completely

solved when any small forces which come into play are

left out, but which does not admit of direct solution when

these forces are included. Omitting the small forces,

commonly called " disturbing forces," let us suppose the

problem of the motion of a body under the influence of the
" principal forces " completely solved. This will mean
that we have found algebraic expressions for the coordi-

nates which determine the position of the body in terms

of the time, and (in the case of a material point) of six

constant quantities, to which we may assign values at

pleasure. Then Lagrange showed how, by supposing

these constant quantities to become variable, the samt

expressions could be used for the case in which the effect

of the disturbing forces was included. In other words, the

effect of the disturbing • forces could be determined by

assuming them to change the constants of the first approxi-

mate solution into very slowly varying elements.

In the researches on the lunar theory before Delaunay

the principal force was taken to be the attraction of the earth

upon the moon, and the disturbing force was that due to

the sun's attraction. When the action of the earth alone

was included the moon would move in an ellipse, in accord-

ance with Kepler's laws. The effect of the sun's action

could be allowed for by supposing this ellipse to be mov-

able and variable. But when it was required to express

this variation the problem became excessively complicated,

owing to the great number of terms required to express

the sun's disturbing force. Now, instead of passing from

the elliptic to the disturbed motion by one single difficult

step, Delaunay effected the passage by a great number of

easy steps. Out of several hundred periodic terras, the

sum of which expressed the disturbing force of the sun,

he first took one only, and determined the variations of

the Keplerian ellipse on the supposition that this term

was the only one. In the solution the variable elements

of the ellipse would be expressed in terms of six new con-

stants. He then showed how these new constants could

be taken as variables instead of the elements of the original

ellipse. Taking a second term of the disturbing force, he

expressed the new constants in terms of a third set of con-

stants, and so repeated the process until all the. terms of

the disturbing force were disposed of.

Among applications of the third or numerical method,

the most successful yet completed is that of Hansen.

His first work appeared in 1838, under the title Funda-

menta nova investigationis orhitss verm qiiam luna pertustral.

and contained an exposition of his ingenious and peculiar

methods of computation. " During the twenty years follow-

ing he devoted a large part of his energies to the numerical

computation of the lunar inequalities, the re-determination

of the elements of motion, and the preparation of new

tables for computing the moon's position. In the latter

branch of the work, he received material aid from the

British Government which pubUshed his tables on their

completion in 1857. The computations of Hansen were

published some seven years later by the Saxon Boyal

Society of Sciences.

It is found on comparing the results of Hansen and

Delaunay that there are some outstanding discrepancies,

which, though too small to be of great practical importance,

are of sufficient tnagnitude »to demand the attention of

those interested in the mathematical theory of the subject.

It is therefore desirable that the numerical inequalities

should be again determined by an entirely different method.

This is the object of Sir G. B. Airy's Numerical Lvnar
Theory, which is not yet completely published, but is

sufficiently far advanced to give hopes of an early comple-

tion. The essence of Sir George's method consL'sts ie
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starting with a provisional approximate solution (that of

Delaunay being accepted for the purpose), and substituting

the expressions for the moon's coordinates in the funda-

mental differential equations of the moon's motion as dis-

turbed by the sun. If the theory were perfect, the two

sides of each equation would come out equal. As they

do not come out exactly equal, Sir George puts the problem

in the form : What corrections must be applied to the

expressions for the coordinates that the two sides may be

made equal 1 He then shows how these corrections may
be found by solving a system of equations.

The several methods which we have described have for their

immediate object the determination of the motion of the moon
round the earth under the influence of the combined attractions

of the earth and sun. In other words, the question is that of

solving the celebrated "problem of three-bodies" in the special

ease when one of the bodies, the sun, has a much greater mass than

the other two, and is at a much greater distance from them than

they are from each other. All methods lead to a solution of the

same general form which we shall now describe. Let us put g the

moon's mean anomaly ;
g* the mean anomaly of the sun (or earth)

;

w the angular distance of the lunar perigee from the moon's node

on the ecliptic ; a the angular distance of the sun's perigee from

the moon's node on the ecliptic. When no account is taken of the

action of the sun the angles g and g' increase uniformly with the

time, representing in fact the uniform motion of the moon round

the earth and of the earth round the sun, while u and u' remain

constant. When account is taken of the action of the sun all four

of the angles change with a uniform progi'essive motion. In conse-

quence, the mean orbit of the moon round the earth becomes a

moving ellipse whose major axis makes a . revolution rftund the

earth in about nine years, and the line of whoso nodes makes a

revolution in about eighteen and a half years. All the other ele-

ments of this ellipse—namely, its major axis, its eccentricity, and
its inclination to the ecliptic—remain absolutely constant however
long the motion may continue, unless some other disturbing force

than that of the sun comes into play. But in the actual motion of

the moon there are periodic deviations from this ellipse, which may
be represented by an infinite trigonometric series, each term of which
is of the form

c (sin or cos) {ig + iY+jw+fa},
in which the quantities c are absolutely constant coefficients, and
i, i', j, and/ are integers which may take all combinations of valaes

—positive, negative, or zero. The circular function is, a sine in

the expression for longitude or latitude, a cosine in the expression

for th« parallax. Also, j and / must be both even or both odd in

the expressions for longitude and parallax, but the one even and
the other odd in the case of the latitude. For example, if we sup-

pose j, f, and i all zero, we shall have terms orthe form

«! sinY + c^ sin 2^ + Cj sin Z^ + , ic.

To write other terms, suppose i=l, then we have terms of the
form

.«j sin (g-^) + e^!,va (g + g') + e3 sin (3 + 1^) + , &c.

Taking the case wheny=2 and/= -2, we shall have terms of

the form

m, sin (i; - 5'' + 2w - 2w') + m^ sin (g - 2g' + 2a^ 2ai') -t- , kc.

As the indices f, i', j, and/ become larger, the coefficients c, e, m,
kc, become smaller; but the number of terms included in the

theories of Hansen and Delaunay amount to several hundreds. In
the analytical theories, like that of- Delaunay, each of the coeffi-

cients f, e, m, &c, iaa complicated infinite series, but in the numerical
theories it is a constant number. And the principal problem "of

the modem theory of three bodies is to find "the appropriate co-

efficient for each of these hundreds oT terms.

Action of the Planets mi the Moon.—For nearly two centuries it

has been known from observations that the mean motion of the
moon round the earth is. not absolutely constant, as it ought to

be were there no disturbing body but the sun. "The general fact

that the motion has" been accelerated since the time, of Ptolemy
was first pointed out by Halley, and the amount of the acceleration

was found hy Dunthome. After vain efibrts by the greatest mathe-
maticians of the last century to find a physical cause for the
acceleration, Laplace was successful in tracing it to the secular

diminution of the eccentricity of the earth's orbit, produced by the
action of the planets.- He computed its amount- to be 10 per
century—that is, if the place of the moon were calculated forward
on its mean motion at the beginning of any century, it would at
the end of the century be 10' in advance of its computed place.

This theoretical result of Laplace agreed so closely with the
acceleration found by Lalande from the records of ancient and
mediaeval eclipses that it was not questioned for nearly a century.

In 1852 Mr John C. Adams showed that Laplace h.ad failed to

taks account of a series of terms, the effect of which was to reduce

the acceleration to 6" or less. The result was inconsistent witl

the accounts of ancient eclipses of the sun, and a cause for the

discrepancy had to be sought for. A probable causa was pointed

out, first by Ferrel, and afterwards by Delaunay. The former,

in papers published in Gould's Astronomical Journal, and in the

Proceedings of the American Academy of Arts and Sciences, showed
that the action of the moon on the tidal waves of the ocean would
have the effect of increasing the time of the earth's axial rotation

or the length of the day, which is necessarily taken as the unit of

time. Since, as the days became longer, the moon would move
farther in one day, though its absolute motion should remain
unchanged, and hence an apparent acceleration would be the result.

That this cause really acts there can be no doubt. But the data

for determining its exact amount are discrepant. If we take only

such data as are purely astronomical—namely, the eclipses recorded

by Ptolemy between 720 B.C. and 150 A.D., and those observed by
the Arabians between 800 and 1000 a.d.—the apparent excess ol

the observed acceleration to be accounted for by the tidal retarda-

tion amounts to only 2" per century, and may be even less. But
this small acceleration is entirely incompatible with conclusions

drawn from certain supposed accounts of total eclipses of the sun,

notably the eclipse associated with the name of 'Thales. This if

the famous eclipse supposed to bo alluded to by Herodotus when
he describes a battle as stopped by a sudden advent of darkness,

which had been predicted by Thales. If the true value of the co

efficient resulting from the combined effect of tidal retardation ol

the earth and secular acceleration of the moon is less than 10",

then not only could the path of totality not have passed over the

field of battle but the greatest eclipse could not have occurred till

after sunset. In fact, to represent this and other supposed eclipses

of the sun, the acceleration must be increased to about 12", which
is near the value found by Hansen from theory, and adopted in

his tables of the moon. But his theoretical computation is un-
doubtedly incorrect, because in computing in what manner the
eccentricity of the earth's orbit enters into the moon's motion he
took account only of the first app' iximation, as Laplace had done.

The following is a summary of the present state of the question :—
The theoretical value of the acceleration, assuming the

day to be constant, is, according to Delaunay 6"'176

Hansen's value, in his Tables de la Lune, is ,
12"18

Hansen's revised hut still theoretically eiToneous result is 12'56

The value which best represents the supposed eclipses

(l)ofThales, (2) at Larissa, (3) at Stikkelstad, isabout 11-7

The result fi'om purely astronomical observations is 8'3

The result from Arabian and modem observations alone

is about 7 '0

InequalUics of Long Period.—Combined with the question of th«
secular acceleration is another which is still entirely unsettled

—

namely, that of inequalities of long period iu the mean motion of

the moon round the earth. Laplace first showed that modem
observations of the moon indicated that its mean motion was
really less during the second half of the 18th century than during
the first half, and hence inferred the existence of an ineqnalitj'

having a period of more than a century. All efforts to find a
satisfactory explanation were, however, so unavailing that Poisson,

in 1835, disputed the reality of the inequality. But Airy, from
his discussion of the Greenwich observations between 1750 and
1830, conclusively proved its existence. About the same time
Hansen announced that he had found from theory two terms of

long period arising from the action of Venus which fully corre-

sponded to the inequalities indicated by the observations. . These
terms, as employed in his Tables de la Lune, are

15"-34sin (-g-\&^ + \Zg" + ZZ''Z&'}

+ 2V'-i1 sin (8/ -13/ -I-
4° 44'),

in which g, <f, and g, represent the mean anomalies of the moon,
the earth, and' Venus respectively. During the first few years

after the publication of Hansen's tables they represented observa-

tions so well that their entire correctness was generally taken
for granted. But doubtr soon began to be thro^vn upon the
inequalities of long period just mentioned. Indeed, Hansen
himself admitted that the second and larger term was partly empiri-

cal, being taken so as to satisfy observations between 1750 aiid 1850.

Delaunay re-computed both terms, and found for the first term a
result substantially identical with that of Hansen. But he found
for the second or empirical one a coefficient of only 0"'27, which
would be quite insensible. With this smaller coefficient the obser-

vations from 1750 could not be satisfied, so that, so far as observa-

tions could go in deciding a purely marthematical question, the
evidence was in favour of Hansen's result. But on comparing
Hansen's tables with observations between 1650 and 1750 it was
found that the supposed agreement with observation was entirely

illusory. Moreover, since 1S65 the moon has been steadily falling

behind the tabular place. These inequalities' of long period have
not yet bean satisfactorily explained. The most plausible supposi-

,
tion la that they are due to the action of one or more of the larger

plaaeti. . But tiie ptoblem of the action of the planets on the mcoc
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is the most difficult and intricate of celestial mechanics, and no

satisfactory general method of attacking it has yet been found.

The sources of difficulty are two in number. First, the disturbing

action of the planets is modified by that of the sun iu such a way

that the ordinary equations of disturbed elliptic motion are no

longer rigorous, and hence new and more complicated ones must

be constructed. And, secondly, the combination of the four bodies

—moon, earth, sun, and planet—leads to terms so numerous and

intricate that it has hardly been found possible to isolate them.

The question has, indeed, been raised whether the rotation of the

earth on its axis, and hence the unit of time, may not be subject to

slow and irregular changes of a nature to produce apparent corre-

sponding changes in the motion of the moon. But it has recently

been found, from a discussion of the observed transits of Mercury

since 1677. that, although such inequalities may exist, they cannot

have the magnitude necessary to account for the observed changes

of long period in the moon's motion.

The following is a summary of the present state of the various

branches of the lunar theory. (1) The numerical solution of the

problem of the sun's action on the moon may be regarded as quite

satisfactory, at least when Hansen's results shall have been verified

by an independent method. (2) The analytic theory needs to be

perfected by finding some_ remedy for the slow convergence of the

series by which it is expressed, but its general form may be regarded

as quite satisfactory. (3) Kxcept in one or two special cases, the

action of the planets on the moon, when treated with the necessary

rigour, is so intricate that no approach to a satisfaotorj- solution

has yet been attained. TiSTien this desideratum is reached, the

mathematical theory will be complete. (4) The general discussion

of 'ancient and modern observations with a view to finding what
real or apparent inequalities of long period in the mean motion may
exist is still to be finished. With it the astronomical theory will be

complete. (S. N.)

MOORCROFT, William (c. 1770-1825), traveUer in

Asia, was born in Lancashire, about 1770. He was edu-

cated as a surgeon in Liverpool, but on completing his

course he resolved to devote himself to veterinary surgery,

and, after studying the subject in France, began its practice

in London. In 1795 he published a pamphlet of directions

for the medical treatment of horses, with special reference

to India, and in 1800 a Cursory Account of the Methods of

Shoeing Horses. Having been offered by the East India

Company the inspectorship of their Bengal stud, Moorcroft

left England for India in 1808. Under his care the stud

rapidly improved ; in order to perfect the breed, he resolved

to undertake a journey into Central Asia to obtain a stock

of Turcoman horses. In company with Captain William

Hearsay, and encumbered with a stock of merchandise for

the purpose of establishing trade relations between India

and Central Asia, Moorcroft left Josimath, well within the

mountains, on 26th May 1812. Proceeding along the valley

of the Dauli, they reached the suminit of the frontier pass

of Niti on 1st July. Descending by the towns of Daba
and Ohortope, Moorcroft struck the main upper branch of

the Indus near its source, and on 5th August arrived at

the sacred lake of Manasarowara. Returning by Bhutan,

he was detained some time by the Giirkhas, and reached

Calcutta in November. This journey only served to whet

Moorcroft's appetite for more extensive travel, for which

he prepared the way by sending out a young Hindustani,

who succeeded in making very extensive explorations. In

company with this young man and George Trebeck, Moor-

croft set out on his second journey in October 1819. His

enterprise was looked upon rather coldly by the directors,

who merely allowed him his pay for a time, all the expenses

being borne by Moorcroft himself. By way of AlmorA and

Srinagar, Lahore was reached on 6th May 1820. On 14th

August the source of the Biyah (Hyphasis) was discovered,

and subsequently that of the Chendb. Leh, the capital of

LadAk, was reached on 24th September, and here several

months were spent in exploring the surrounding country.

A commercial treaty was concluded with the Government

of Ladik, by which the whole* of Central Asia was
virtually opened to British trade. Kashmir was reached

on'-Sd November 1822, and by the Plr Panj41 mountains

JalAUbid on 4th June 1824. Cabul on 20th June, and by

Khulm, Kunduz, and Balkh Moorcroft arrived at Bokhara

on 25th February 1825. Everywhere he bought horses

for the company, anA endeavoured to establish trade

relations. At Andkho in Cabul Moorcroft was seized

with fever, of which he died on 27th August 1825, Trebeck

surviving him only a few days. It was not till several years

afterwards that his papers were obtained by the Asiatic

Society, and published under the editorship of Horace

Hayman Wilson in 1841 under the title of Travels in the

Himalrtyan Provinces of Hindustan and the Punjdb, in

Ladakh and Kashmir, in Pesliawur, Kabul, Kunduz, and

Bokhara, from 1819 to 1825. Though published so long

after the traveller's death, the narrative was a valuable

contribution to a knowledge of Central Asia, and still

remains a classic. In vol. xii. of Asiatic Research's will

be found an account by Moorcroft of his first journey, and

in the Transactions of the Royal Asiati/; Society, vol. i., a

paper on the Purik sheep.

MOORE, Edwaud (1712-1757), minor poet, dramatist,

and miscellaneous writer, was the son of a dissenting minis-

ter of Abingdon, where he was born in 1712. He was the

author of the thrilling domestic tragedy of The Gamester,

originally produced in 1753 with Garrick in the leading

character, and still in the repertory of acting plays. It is

perhaps the strongest lesson against gambling ever preached

frc«n stage or pulpit. The literary merit of the play is not

great, but it is powerfully constructed and full of impressive

incident, and the career of Beverley the gambler (a character

modelled on Fielding's Captain Booth) affords great scope

for the actor. Moore also wrote two comedies. As a poet

he produced clever imitations of Gay and Gray, and

with the assistance of Lyttelton, Chesterfield, and Horace

Walpole conducted The World (1753-57) during the great

decade of the revival of periodical essay-writing. The World

followed Johnson's Rambler, and was followed by The Idler

;

it had as rivals The Adventurer and The Connoisseur. Moore

died at London in 1757.

MOORE, De John (1730-1802), born at StirUng in 1730,

was one of the most prominent writers of travels and novels

in the latter part of the 18th century. His novel Zeluco

(published in 1789) produced a powerftd impression at the

time, and indirectly, through the poetry of Byron, has left

an alDiding mark on literature. 'The novel would in these

days be called a psychological novel ; it is a close analysis of

the motives of a headstrong, passionate, thoroughly selfish

and unprincipled profligate. It is full of incident, and the

analysis is never prolonged into tedious reflexions, nor

suffered to intercept the progress of the story, while the

main plot is diversifled with many interesting episode's.

The character took a great hold of Byron's imagination,

and probably influenced his life in some of its many moods,

as well as his poetry. It is not too much to say that the

common opinion that Byron intended Childe Harold as a

reflexion of himself cannot be cleared of its large fhixture

of falsehood without a study of Moore's Zeluco. Byron

said that he intended the Childe to be " a poetical Zeluco,"

and the most striking features of the portrait were un-

doubtedly taken from that character. At the same time

it is obvious to everybody acquainted with Moore's novel

and Byron's life that the moody and impressionable poet

often adopted the character of Zeluco, fancied himself and

felt himself to be a Zeluco, although he was at heart a

very different man. Moore's other works have a less

marked individuality, but his sketches of society and man-

ners in France, Germany, Svritzerland, Italy, and England

furnish valuable materials for the social historian. Like

his countrymen Burnett and Boswell, he was a sagacious,

penetrating, end in the main unprejudiced observer, with

something of a natural historian's interest in the human
species ; and he had exceptional opportunities of observation.
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He was a doctor by profession, and the son of a Stirling-

shire clergyman. After takiiij; his medical degree at

Glasgow, he served with the army in Flanders, then was
attached to the household of the English ambassador at

Paris, then practised for five years in Glasgow, next

travelled on the Continent -for five years with a young
nobleman, settled for some years as a physician in Lon-

don, accompanied Lord Lauderdale to Paris in 1792 and
witnessed some of the principal scenes of the Kevolution.

All classes thus came under his observation, while his pro-

fession preserved him in an unusual degree from flippant

bias. His works attest great shrewdness and sagacity of

judgment, and show no small skill in literary presentation.

He dited at London in 1802.

MOORE, Sm John (1761-1809), the only English

general who has gained lasting fame by the conduct of a

retreat, was the son of Dr Moore (the subject of the pre-

ceding notice), and was born at Glasgow on 1 3th November
1761. It was his appointment as tutor to the young duke

of Hamilton which procured for John Moore educational

advantages by which he profited so much as to be called

in after life the most cultivated officer in the army. It

was then the fashion for young noblemen to travel from

court to court, and Moore accompanied his father and the

duke to all the chief capitals in Europe, until he was
suddenly ordered in 1777 to join the 51st regiment, in

which he had been appointed an ensign. He learned his

drill at Minorca, and in 1779 was appointed lieutenant and
paymaster in a new regiment recently raised by the duke

of Hamilton, with w^dch he served in America till the peace

of 1783. In 1784 Moore, though but twenty-three years

of age, was returned by the duke of Hamilton as member
of parliament for the united boroughs of Selkirk, Peebles,

and Linlithgow. . In parliament he does not seem to have

opened his mouth, though he always voted with the Govern-

ment ; but he made some useful friends, notably the duke
of York and Pitt. In 1788 he was promoted to a majority

in the 51st regiment, and in 1790 he became lieutenant-

colonel and resigned his seat in parliament. He soon got

his regiment in fine order, and in 1792 sailed with it for

the Mediterranean. He was too late to assist at Toulon,

but was engaged throughout the operations in Corsica, and

especially distinguished himself at the taking of Calvi.

After the expulsion of the French, Moore became very in-

timate with Paoli and many of the leading Corsican patriots,

which intimacy was so obnoxious to Sir Gilbert Elliot, the

viceroy, that Moore was ordered to leave the island in forty-

eight hours. Sir Gilbert's hasty conduct by no means met

with approval in London, and Moore was gazetted briga-

dier-general, and ordered to proceed with his brigade to

the West Indies. In April 1796 he reached Barbados,

and at once became the right hand of Sir Ralph Aber-

cromby, the commander-in-chief. The first enterprise was

the reconquest of the island of St Lucia, which was com-

pletely occupied by an agent of Victor Hugues with a

mixed force of Caribs, negroes, and Frenchmen. The key

of the island was a fortified and almost impregnable height

called the Morne Fortune, which was at last stormed, though

with great loss, by the valour of brigadier-generals Moore

and Hope, who were to oe comrades on a yet more memor-

able field. After this success. Sir Ralph left the island,

and appointed Moore governor and commander-in-chief.

A difficult post he found his government, owing to the

swarms of Caribs and negroes in the woods ; but just as

he was ori the point of triumphing he fell ill of yeUow fever,

and was ordered home. In 1798 he was well and again

eager to be on active service, and he accompanied his friend

Abercromby over to Ireland, where he received the com-

mand of the Bandon district. In the Irish rebellion of

1798 he distinguished himself by his activity in saving

Wexford from destruction after the battle of Vinegar Hill.

His services were in universal request, and Abercromby
insisted upon his serving with him in the expedition to the

Helder in 1799, where he did creditably all that was credit-

ably done in that ill-managed expedition. On his return

from Holland he was made colonel of the 52d regiment,

and in 1800 accompanied Abercromby to the Mediterranean

as major-general.

Throughout the Egyptian expedition he commanded the

reserve, and especially distinguished liimself at the battle

of Alexandria, when he was wounded in three places, and
behaved with such distinction that he was recognized uni-

versally as the greatest English general, now that Aber-

cromby was gone. The short interval of the peace cf

Amiens did not injure Moore's prospects, and in 1803 he
was appointed commandant of the camp at ShorncUffe.

Here he proved his greatness as an organizer, for it waii

at this time that he organized those light regiments which
were to form the reserve in his own campaign and the

light division in the Peninsular War. While at ShorncUffe

he renewed his intimacy with Pitt, who was then residing

at Wakner Castle, and who on his return to office made
Jloore a knight of the Bath, and consulted him on every

military project. Fox, when he succeeded to office, showed
the same appreciation of Moore, and in May 1806 appointed

him second-in-command to his brother. General Fox, who
was ordered with a strong force to Sicily to supersede Sir

John Stuart. Moore won but little credit at this time, for

there was none to jain, but employed his time, according

to Napier, in falling in love with Miss Fox, to whom,
however, he never proposed, fearing to be accepted for his

position and not for himself. In 1807 he was able to escape

from the intrigues of the Sicilian court, and was ordered

to Portugal, which he reached too late to make any defence

of Lisbon, already in the possession of the French. He
then went home, and had four months' r-est, the last he
ever had. In May 1808 he was ordered with a force of

1 1,000 men to Sweden to assist the king against the united

forces of France and Russia. The mad conduct of the

Swedish king, however, who even went so far as to declare

Sir John Moore under arrest when he refused to acquiesce

in his plans, ruined any chance of successful co-operation,

and the English general made his escape and returned to

England. He was at once ordered to proceed with his

division to Portugal, where Sir Arthur Wellesley had
already landed ; but the appointment of Dalrymple and
Burrard to the chief commands was even more of a slight

on Moore as a general of European experience than on
Wellesley, whose laurels had hitherto been won in India.

He regarded himself as personally insulted by the ministers,

and especially by Lord Castlereagh, but deemed it his duty

to go where he was ordered. He met his reward; for when,

after the excitement caused by the Convention of Cintra,

Dalrymple and Burrard went home, ho was left in com-
mand of the largest English army since the commencement
of the war. WeUesley had appreciated him, and in an

interesting letter (published in the Welliiufton Despatches)

had expressed his desire to use his own great political

influence to reconcile him to the ministers and the ministers

to him.

Now began the glorious three months on which Moore's

reputation as a soldier and a statesman must rest. The
Spaniards, flushed with their former success at Baylen,

regarded Napoleon, who had in person crossed the Pyrenees,

as another Dupont, and loudly summoned Moore to a share

in their coming victories. Moore knew better what was
the value of Napoleon's genius, but he had bi^en commanded
to assist the Spaniards, and therefore gave the order tft"

advance. His army marched in four distinct divisions,

and on 13th November 1808 he concentrated at Sala-
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manca, -where he waited to see what would happen. He
heard that a subsidiary force under Sir David Baird
had arrived at Corunna, and ordered it up to join him.
At Salamanca he remained a whole month watching the
triumphant successes of Napoleon and his Lieutenants, and
learning how little Spanish reports or Spanish valour were
to be relied on. Though irritated by the menaces and
abuse of Frere, the English minister to the junta, he
waited tiU the 13th December, hearing daily of Spanish
defeats, and then he determined to draw off upon his own
small force the weight of Napoleon's power, and thus give

Andalucia the winter in which to organize an army and
prepare for another Baylen. With this intention he
advanced through Toro and Mayorga, where Baird joined
him, to Sahagun. He judged rightly that Napoleon would
never advance into Andalucia and leave the EngUsh behind
him, but that he would turn aU his power against tbem.
Having once drawn Napoleon's attention to himself, he
began his famous retreat and fell back quickly, fighting

every day and invariably with success. He now could
test the military spirit he had taught at Shomcliffe, for

the reserve under Sir Edward Paget consisted entirely of

hh own light regiments. To detail each step of the retreat

and every skirmish would be but to rewrite Napier ; suffice

it to say that, with great loss of life and material, Msore
reached Corunna on 12th January 1809. But the fleet to

take the army home was not there ; and the English would
have to fight Soult, whose army was even more weakened
and demoralized than Moore's, before they could embark
It was on 16 th January that Moore fought his last battle

;

he fell early in the day, and knew at once that his wound
was mortal. His last hours were cheered with the know-
ledge of victory, but were spent in recommending his old

friends, such as Graham and Colborne, to the notice of the

Govemmeat. Sir H. Hardinge's description of these hours

is in its way inimitable, and in it must be studied how
a modem Bayard should die in battle, every thought being

for others, none for himself.

It may be possible in the face of his heroic death to exaggerate
Moore's actual military services, but his influence on the British

army cannot be overrated. The true military spirit of discipline

and of valour, both in officers and men, had become nearly extinct

during the American war. Abercromby, who looked back to the
traditions of Jlinden, was the first to attempt to revive it, and his

work was carried on by Moore. The formation of the light regi-

ments at Skomcliffe was the answer to the new French tactics, and
it was left to Wellington to show the success of the experiment.

Moore's powers as a statesman are shown in his despatches written

at Salamanca, and he had the truest gift of a great man, that of

judging men. It may be noticed that, while WelLmgton perpetually

grumbled at the bad qualities of his officers and formed no school,

Moore's name is associated with the Aareer of all who made their

mark. Among generals, Hope, Graham, Sir E. Paget, Hill, and
Craufurd, all felt and submitted to his ascendency, and of younger
officers it was ever the proud boast of the Napicrs, Colborne, the

Beckwiths, and Barnard that they were the pupUs of Moore, not of

Wellington. Nay more, he inspired an historian. The description

of Moore's retreat in Napier is perhaps the finest piece of military

history in the English unguage, not only because the author was
present, but because his heart was with the leader of that retreat

;

and, if Napier felt towards Wellington as the soldiers of the tenth

legion felt towards Caesar, he felt towards Moore the personal love

and devotion of a cavalier towards Montrose.

The great aatliority for Moore's life is the Ll/e of Sir John I/mk! by his

brother, J. 0. Moore (1M3); see also Narrative of (Ac Campaiyn 0/ Sir Joftn

ifoor« in Sjain^ by hia brother, J. C. Moore (4to, with plans, 1809); Napier,
Ptniiisular War^ Bk. iv., and his Life of Sir Charles Napitr. For views adverse
to Moore's retreat, see Charmilly, Narrative (1810), and Sir Bartle Frere, Life

of tJa Bt. Ron. J. H. Frere (pablistied in vol. L of liis works). Consult also

Wilson, Campai{jn in Egypt, for Moore's services there, and the Life of Gilbert

BUtot, Firtt Lord Minto, for the squabble in Corsica. (H. M. S.)

MOOKE, Thomas (1779-1852), born at Dublin on 28th

May 1779, fairly shares with Lord Byron the honour of

being the most popular 'poet of his generation. 'Whatever

may be thought now of the intrinsic qualities of his verse,

this much cannot be denied. The most trustworthy of all

measures of popularity is the price put upon a writer's work

in the pubUstung market, and when Moore's friend Pwry,

in negotiating the sale of the unwritten Lalla Rookti,

claimed for the poet the highest price thtt had up to that

time been paid for a poem the publisher at once assented.

Moore was then in the heyday of his reputation, but twenty

years later publishers were still willing to risk their thou-

sands on his promise to produce. Much of Moore's success

was due to his personal charm. This at least gave him
the start on his road to popularity. There is not a more
extraordinary incident in the history of our literature than

the instantaneousness with which the son of a humble
Dublin grocer just out of hia teens, on his first visit to

London, captivated the fashionable world and established

himself in the course of a few months as one of its prime
favourites. The youth crossed St George's Channel in 1 799
to keep terms at the iliddle Temple, carrying with him a
translation of the Odes of Anacreon, which he wished to

publish by subscription. In a very short time he had
enrolled half the fashionable world among his subscribers,

and had obtained the permission of the prince of w^lea

to dedicate the work to him. The mere power of writmg
graceful and fluent amatory verses would not alone have
enabled the poet to work this miracle. Moore's social gifts

were of the most engaging kind. He charmed all whom he
met, and charmed them, though he was not a trained

musician, with nothing more than with his singing of his

own songs. The piano, and not the harp, was his instru-

ment, but he came nearer than anybody else in modem
times to Bishop Percy's romantic conceptioti'of the minstreL

To find a parallel to him we must go back to the pahny days
of Provenjal song, to such troubadours and jongleurs as

Amaud Daniel and Perdigon, whose varied powers of

entertainment made them welcome guests wherever they
went. It was not merely the fashionable world that the

young adventurer captivated ; the landlady of his lodgings
in London, a countrywoman of his own, offered to place at

his disposal all the money of which she had the command.
The fragment of autobiography in which Moore draws

a softly-coloured picture of his early Hfe in Dublin lets us
into the secret of the seeming miracle of his social con-
quest. Externals apart, the spirit of his social surround-
ings in Little Aungier Street had much, in common with
the society to which he was introduced in London. He
was bom in the proscribed sect of Catholics, whose exclu-

sion from the society of the Castle produced a closer union
among their various ranks, and thus, from the first, Moore
was no stranger to the more refined gaieties of social inter-

course. It was, upon the whole, a gay life in Catholic society,

though the conspiracy of the United Irishmen was being
quietly formed beneath the surface. Amateur theatricals

was one of their favourite diversions, and gifts of reciting
and singing were not Likely to die for want of applause.

Moore's schoolmaster was a leader in these entertainments,

a writer of prologues and epilogues and incidental songs;
and at a very early age Master Thomas Moore was one of his

show-boys, ardently encouraged in all his exercises by a very
affectionate mother at home. Before he left school he
had acquired fame in his own circle as a song-writer, and
had piilished, in the Anthologia Hibemka, verses "to
Zelia on her charging the author with wi-iting too much
on love." This was in 1793. In that year the prohibition

against Catholics entering Trinity College was removed,
and next year Moore took advantage of the new freedom.

As one of the fiirst Catholic entrants, he had an exceptional

stimtdus to work, and there industriously acquired that

classical scholarship with which he won the hearts of such
learned Whigs as Lansdowne and Holland, while he
charmed fashionable ladies with the grace of his songs.

Young Moore's social atmosphere was, of course, strongly

charged with patriotism and hatred of the er.cesses of
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English despotism. Some of nis closest friends in Trinity

were deep in the conspiracy of 1798. But even for his

patriotism—a genuine passion which he never sought to

disgiiise—Moore found plenty of sympathy among the

Whig political leaders, when he made their acquaintance in

the first years of the century.

Moore was fairly established in London society in the

first year of the century, and from that time the hope of

its applause was the ruling aspiration of his life and its

judgment the standard of his work. In his letters to his

mother, which are delightful prose lyrics and show the

most charming side of Moore's character—he wrote to her

constantly and with warm affection in his busiest weeks

—

we find him, even in 1800, declaring himself surfeited

with duchesses and marchionesses, and professing his

readiness at any moment to exchange all his fineries for

Irish stew and salt fish. But he never did make the

exchange, even for more potent attractions than the fare

of his youth. He could not bear the shortest banishment
from fashionable drawing-rooms without uneasy longings.

The dignity and ease, the luxury, the gaiety, the bright-

ness of fashionable life, wholly satisfied his joyous and self-

indulgent nature. When men of rank courted his company,
when princesses sang his songs and peeresses wept at them,

Moore was too frank to affect indifference ; he was in the

highest heaven of delight, and went home to record the

incident to his relatives or transmit it to posterity in his

diary. If prudence whispered that he was frittering -away

his time and dissipating his energies, he persuaded him-
self that his conduct was thoroughly worthy of a solid

man of business : that to get a lucrative appointment from
his political friends he must keep himself in evidence,

and that to make his songs sell he must give them a start

with his own voice. But his mind was seemingly not

much troubled either with sordid care or with sober pru-

dence ; he lived in the happy present, and he liked

fashionable company for its own sake,—and no wonder,

seeing how he was petted, caressed, and admired. Swift's

saying that great men never reward in a more substantial

way those whom they make the companions of their pleasures

was often in Moore's mind. It was verified to some extent

in his own case. "Through Lord Moira's influence he was
appointed registrar of the admiralty court in Bermuda in

1803. He went there to take possession, but four or five

months of West India society, jingling pianofortes, and
dusky beauties bored him excessively, and he appointed a

deputy and returned to London, after little more than a
year's absence. The office continued to bring him about
£400 a year for fourteen or fifteen years, but at the end
of that time embezzlement by the deputy, for whom he was
responsible, involved him in serious embarrassment. This

was all that Moore received from his great political friends,

—no great boon as things went in the days of patronage.

He had hopes from Lord Moira in the Grenville ministry

in 1806,—hopes of an Irish commissionership or something

substantial, but the king's obstinacy about Catholic emanci-

pation destroyed the ministry before anything worth having

turned up. The poet'o long-deferred hopes were finally

extinguished in 1 8 1 2, when Lord Moira, under the Liverpool

administration, went out as governor-general to India

without making any provision foi him. From that time

Moore set himself in earnest to make a living by literature,

his responsibilities being increased by his marriage in 1 8 1 1

.

From his boyhood to 1812 may be called the first period

ef Moore's poetical activity. He had formed the de.sign

of translating Anacreon while still at college, and several

of the pieces published in 1801 under the nom de plume

of " Thomas Little " were written before he was eighteen.

The somewhat ostentatious scholarship of the notes to his

Anacreon, the parade of learned rfuthoritiea, he cr(3lained

by his liabit of omnivorous reading in Trinity College

library. Throughout his literary life he retained this habit

of out-of-the-way reading and clever display of it. Moore
had really abundance of miscellaneous scholarship as well

as great quickness in the analogical application of his

knowledge ; and, though he made sad havoc of quantities

when he tried to write in Greek, there was probably no
scholar of his time who would have surpassed him in the

interpretation of a difficult passage. He seems to have
spent a good deal of time in the libraries of the great

houses that he frequented; Moira, Lansdowne, and Holland

were all scholarly men and book-collectors. It might bo

asked,—What had " passion's warmest child," whose " only

books were women's looks," to do with obscure mediaeval

epigrammatists, theologians, and commentators? But it

would seem that Moore took the hints for many of his

lyrics from books, and, knowing the great wealth of fancy

among medioeval Latinists, turned often to them as likely

quarters in which to find some happy word-play or image
that might serve as a motive for his muse. TTie public,

of course, were concerned with the product and not with

the process of manufacture, and " Little's " songs at once

became the rage in every drawing-room. He found his

songs in Virginia when he landed there on his way to

Bermuda. And not only were his songs sung but his

poems were read, passing rapidly through many editions.

The bulk of them were simple fancies, gracefully, fluently,

and sometimes wittily expressed, the lyrist's models being

the amatory poets of the 17th century from Carew
to Rochester. Carew is- the only eminent poet of that

century with whom Moore will bear comparison. The
highest praise that can be given to his amatory lyrics i.s

that he knew his audience, wrote directly for them, and
pleased them more than any of his competitors. His

publication of- 1806 was, savagely reviewed in the Edin-
burgh by Jeffrey, who accused him of a deliberate design

to corrupt the minds of iimocent maidens with his wanton
fancies, and who had in consequence to figure in a ludiorou-s

attempt at a duel—^ludicrous in its circumstances, though
Moore was ferociously in earnest. We may well acquit

Moore of the diabolic intention attributed to him, but

Jeffrey's criticism of his poetry as poetry was just enough.

The only parts of the volume that Jeffrey praised were
the satirical epistles. The vein essayed in these epistles

Moore pursued afterwards in his Corrvpiion, Intolerance

(1808), and The Sceptic, a philosophical satire (1809) ; but

as long as he kept to the heroic couplet and the manner
of Pope he could not give full scope' to his peculiar powers
as a satirist. It may be remarked in passing that the result

of the hostile meeting with ,!^2Tey is a striking evidence

of the impressiveness of Moore's personality ; in the course

of a few minutes' conversation he changed a bitter critic

into a lifelong friend. Of all the poetical enterprises that

Moore undertook, either at this period or later, none was
so exactly suited to his powers as the task proposed to him
by the publisher Power of supplying fit words to a coUection

of Irish melodies. The fiirst number appeared in 1807, and
it was so successful that for twenty-seven years afterwards

writing words to music was one of Moore's most regular

occupations and his steadiest source of income, Power pay-
ing him an annuity of .£500. Six numbers of Irish melodies

were published before 1815; then they turned to sacred

songs and national airs, issuing also four more numbers of
Irish melodies before 1834. Moore entered into this work
with his best and most practised powers and with all his

heart. From his boyhood he had been in training for it.

The most characteristic moods of Irish feeling, grave and
gay, plaintive and stirring, were embodied in those airs,

and their variety touched the whole range of Moore's seasi-

five spirit, carryinsr hiiti far beyond the shallows of his
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spurious Anacreontic sentiment, namby-pamby -wtien not
prurient ; he -ssrote with full inspiration, unreserved sin-

cerity, and thoroughly roused faculty. Divorced from the
music, many of them are insipid enough, but they were
never meant to be divorced from the music ; the music
was meant, as Coleridge felt when he heard them sung by
the poet himself, to twine round them and overtop them
like the honeysuckle. Moore accomplished this with
exquisite art. His most conspicuous failures may be
traced to his habit of taking as his starting-point not an
emotional incident but some unmanageable intellectual con-
ceit. Hence arose intellectual discords, incongruous and
imperfectly harmonized fancies, which even the music can
hardly gloss over.

The regent's desertion of the Whigs in 1812 cut them
off from all hope of office for many years to come, and
Moore from his last hope of a snug sinecure, when Lord
Moira also was practically " oblivious " of him. There was
at once a marked increase in his literary fertility, and he
broke ground in a new field, which he cultivated with
pre-eminent success—political squib-writing. Moore was
incapable of anything like rancoiu:, but he felt the dis-

appointment of his hopes enough to quicken his fancy and
sharpen the edge of his wit. The prince regent, his old

friend and patron, who was said to have begged all Lord
Moira's ajjpointmepts for personal favourites, was his first

butt. The prince's defects and foibles, his fatness, his

huge whiskers, his love for cutlets and cura^oa, for aged

mistresses and practical jokes, were ridiculed with the

ligh'test of clever hands. Moore opened fire in the Morning
Chronicle, and crowned his success next year (1813) with

a thin volume of " Intercepted Letters," The Twopenny Post

Bag. A very little knowledge of the gossip of the time

enables us to understand the delight with which Moore's

sallies were received in the year which witnessed the

imprisonment of Leigh Hunt for more outspoken attacks

on the regent. Moore received every encouragement to

work the new vein. He was at one time in receipt of

a regular salary from the Times ; and his little volumes

of squibs published at intervals,

—

The Fudge Family

in Paris, 1818 ; The Journal of a Member of the Pococurante

Society, 1820; Fables for the Holy Alliance, 1823; Odes

on Cash, Com, Catholics, and other Matters, 1828; The

Fudges fn England, 1835—went through many editions.

The prose Memoirs of Captain Rock (1824) may be added

to the list. Moore's only failure was Tom CnWs Memorial

to Congress (1819), for which he had made an elaborate

study of thieves' slang. It was of course on the side of

the Whigs that Moore employed" his pen, and his favourite

topics were the system of repression in Ireland and the

disabilities of the Catholics. He made rather too serious

a claim for his pasquinades when he spoke of " laying the

lash on the back of the bigot and the oppressor." It was

not exactly a lash or a scourge that he wielded. It was

in happy, airily malicious ridicule of personal foibles that

his strength lay ; he pricked and teased his victims with

sharp and tiny arrows. But, light as his hand was, he was

fairly entitled to the enthusiastic gratitude of his country-

men for his share in effecting Catholic emancipation.

The disappointment of 1812, which started Moore on

his career as a squib-writer, nerved him also to a more

sustained effort in serious verse than he had before at-

tempted. Lalla Roolch would never have been \sTitten

if the author's necessities had not compelled him to work.

To keep himself at the oar, he contracted with the Long-

mans to supply a metrical romance on an Eastern subject,

which should contain at least as many lines as Scott's

Rokehy, and for which the publishers bound themselves to

pay three thousand guineas on delivery. The poem was

not published till May 1817. Moore, as was his habit,

made most laborious preparation, reading hi'nself slowly

into familiarity with Eastern scenery and manners. He
retired to a cottage in Derbyshire, near Lord Moira's library

at Donington Park, that he might work uninterruptedlyj

safe from the distractions of London society ; and there,

" amid the snows of a Derbyshire winter " as he put it,

he patiently elaborated his voluptuous pictures of flower-

scented valleys, gorgeous gardens, tents, and palaces,

and houris of ravishing beauty. The confidence of the

publishers was fully justified. Moore's contemporaries

were dazzled and enchanted with Lalla Rookh. It was

indeed a wonderful tour de force. There was not a single

image or allusion in it that an ordinary Englishman could

understand without a foot-note. High testimonies were borne

to the correctness of the local colouring, and the usual stories

were circulated of Oriental natives who would not believe

that Moore had never travelled in the East. Moore was
less successful in realizing Oriental character than he was

in detaOs of dress and vegetation. His fire-worshipper

is an Irish patriot betrayed by an informer, his Zehca a
piously nurtured Catholic maiden brooding over unpardoned

sin, his Mokanna a melodramatic stage monster,—though

they are so thickly covered with Oriental trappings that

their identity is considerably disguised. Of the four tales

put into the mouth of Feramorz, the " Veiled Prophet " was
the least suited to Moore's Turkey-carpet treatment. We
can understand the enthusiasm with which Moore's Orien-

talism was received as " the best that we have had yet,"

and we can honour the honest labour with which he

achieved this success ; but such artificial finery, as the poet

himself had the sense to suspect, could have onlya temporary

reputation. • He deliberately sacrificed the higher qualities

of poetry for accuracy of costume and soft melody of

rhyme and rhythm, and he had his reward. His next

Orientalism, the Loves of the Angels, published in 1822,

was hardly less popular than Lalla Rookh. The artificiality

of the manufacture was shown by the ease with which,

after a few editions, he changed his angels from Jews into

Turks, to evade a charge of impiety which was supposed

to impede the sale of the work. Immediately after the

completion of Lalla Rookh Moore changed his residence

to Sloperton Cottage in WUtshii-e, to be near Lord

Lansdowne and the library at Bowood, his next literary

project being a life of Sheridan. His plans were inter-

rupted by the consequences of the rascality of his deputy

at Bermuda, which has been abeady mentioned. To
avoid arrest for the sum embezzled, Moore retired to the

Continent, and fixed his residence at Paris. He could not

return till November 1822, when the affair was com-

promised. His friends lamented that the attractions of

Paris occupied so much of his time, but, though his diary

contains almost daily records of visits to operas, fetes,

and fashionable entertainments, it shows also that he

was busier than he seemed. Ee wrote a goodly number

of squibs during his exile, besides composing the Lflves of

the Angels and accumulating materials for his prose tale

of the Epicurean—a. fair amount of production consider-

ing his slow and painstaking habits of composition. His

alertness of mind, self-possession, and steadiness of purpose

enabled him to work as few men could in the midst of diver-

sions and distractions ; and, although he himself took a

brilliant part in conversation, we can see, from a compari-

son of his diary with his published writings, that he kept

his ears open for facts and witticisms which he afterwards

made his own. The darling of the drawing-room was as

much bee as butterfly. On his return to England he

resumed work steadily at his memoirs of Sheridan, writing

Captain Rock as a.jeu d:esprit by the way. The Sheridan

triumphantly despatched in the autumn of 1825, Moore's

yiext important work waa tb<^ life of Byron, The first
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volume of this was puUished early in 1830, and the second

was ready by the end of the same year. In 1831 he com-
pleted a memoir of Lord Edward Fitzgerald, for which he
had been collecting materials for some time. Moore's

biographies call for no comment, except that they were
faithful and conscientious pieces of work. He spent

much industry in the collection of characteristic anecdotes,

for which his position in society gave him exceptional

opportunity. Hia connexion with the burning of Byron's

autobiography is too complicated a question to be dis-

cussed here. Hia own version of the circumstances is

given in his diary for May 1824.

It was a misfortune for the comfort of the last twenty

years of Moore's life that he allowed himself to be drawn
into a project for writing the " History of Ireland " in

Lardner's Cyclopxdia. Scott and Mackintosh scribbled

off the companion volumes on Scotland and England with

very little trouble, but Moore had neither their ' historical

traming nor their despatch in writing. Laborious con-

scientiousness and indecision are a fatal combination for

a man who undertakes a new kind of task late in life.

The history sat like a nightmare on Moore for fifteen

years, and after all was left unfinished on the melancholy

collapse of his powers in 1845. From the time that he

burdened himself with it Moore did very little else, beyond

a few occasional squibs and songs, the last flashes of his

genius, and the Travels of an Irish Gentleman in Search of

a Religion, although he had tempting offers of more
lucrative and, it might have been thought, more congenial

work. Moore's character had a deeper manliness and
aincerity than he often gets credit for ; and his tenacious

persistence in this his last task was probably due to an

honourable ambition to connect himself as a benefactor

with the history of his country, by opening the eyes of

the English people to the misgovemment of Ireland. It

was a misjudgment altogether ; the light irony of Captain

Roch was much more elective than the minute carefully-

weighed details of the history. Moore's last years were

harassed by the weakness,and misconduct of his sons, and

by pecuniary embarrassments. An annual pension of

£300 was conferred upon him in 1833, and he had always

received large sums for his work ; but, while waiting for

the sinecure which never came, he had contracted an

unfortunate habit of drawing upon his publishers in

advance.. After the death of his last child iu 1845, Moore

became a total wreck, but he lingered on till 26th February

1852. The diary, which he seems to have kept chiefly

that it might be the means of making some provision for

hia wife, and which contains so many touching expressions

af his affection for her, was edited by Lord John Russell

with his letters and a fragment of autobiography in 1853-

56. The, charge of vanity has often been brought against

this diary from the writer's industry in recording many of

the compliments paid him by distinguished personages and

public assemblies. It is only vanity that is annoyed by
the display of vanity in others. (w. M.)

MOOErHEN,! the name by which a bird, oft«n called

Water-hen and sometimes Gallinule, is most commonly
known in England. An earlier name was Moat-hen, which

was appropriate in the days when a moat was the ordinary

adjunct of most considerable houses in the coTmtry. It is

the Gallinula ddoropus of ornithologists, and almost too

well known to need description. About the size of a small

Bantam-hen, but with the body much compressed fas is

usual with members of the Family Rallidse, to which it

belongs), its plumage above is of a deep olive-brown, so

dark as to appear black at a short distance, and beneath

' Not to te confounded with " Moor-cock " or " Moor-fowl," names
(oi-merly in general use for the Red Grouse fvol, xi. 221 \

iron-grey, relieved by soma white stripes on the flanks,

with the lower tail-coverts of pure white,—these last being

very conspicuous as the bird swims. A scailet frontlet,

especiaUy bright in the spring of the year, and a red garter

on the tibia of the male render him very showy. Though
often frequenting the neighbourhood of man, the Moor-

hen seems unable to overcome the inherent stealthy habits

of the Rallithe, and hastens to hide itself on the least

alarm ; but under exceptional circumstances it may be

induced to feed, yet always suspiciously, with tame ducks

and poultry. It appears to take wing with difiBcuIty, and

may be often caught by an active dog ; but, in reality, it

is capable of sustained flight, its longer excursions being

chiefly performed by night, when the peculiar call-note it

utters is frequently heard as the bird, itself invisible in

the darkness, passes overhead. The nest is a mass of

flags, reeds, or other aquatic plants, often arranged with

much neatness, almost always near the water's edge, where a

clump of rushes is generally chosen ; but should a mill-dam,

sluice-gate, or boat-house afford a favourable site, advan-

tarje will be taken of it, and not unfrequently the bough

of a iree at some height from the ground will furnish the

place for a cradle. The eggs, from seven to eleven in number,

resemble those of the OooT (vol. vL p. 341), but are smaller,

lighter, and brighter in colour, with spots or blotches of

reddish-brown. In winter, when the inland waters are

frozen, the majority of Moor-hens betake themselves to

the tidal rivers, and many must leave the country entirely,

though a few seem always able to maintain their existence

however hard be the frost. The common Moor-hen is

extensively spread throughout the Old World, being found

also at the Cape of Good Hope, in India, and in Japan. In

America it is represented by a very closely-aUied form, G.

galeata, so called from its rather larger frontal helm, and in

Australia by another, G. tenehrosa, which generally wants

the white flank-markings. Both closely resemble G. chlor-

opus in general habits, as does also the G pyrrhorrhoa of

Madagascar, which has the lower tail-coverts buff instead of

white. Celebes and Amboyna possess a smaller cognate

species, G. hmmatopus, with red legs ; tropical Africa has

the smallest of aU, G. angulata ; and some more that have
been recognized as distinct are also found in other mora
or less isolated localities. One of the most remarkable of

these is the G. nestotis of Tristan da Cunha,* which has
wholly lost the power of flight concomitantly with the

shortening of its wings and a considerable modification of

its external apparatus, as well as a strengthening of its pelvic

girdle and legs.^ A more extreme development in this

direction appears to be exhibited by the singular Habroptila
wallani of Jilolo,* and to some extent by the fareudiastet

pacificus of Samoa, ^ but at present little is known of either.

Of other forms, such as the common Gallinula (Eryfhra)

phosnicura, and Gallirex cristata of India, as well as the

South-American species classed in the genus Porphyriops,

there is not room tj speak ; but mention should be made
of the remarkable Australian genus Tribonyx, containing

three species,^ which seem to be more terrestrial than

aquatic in their haunts and habits.

Allied to all these is the genus Porphyria, including the

bird so named by classical writers, and perhaps a dozen

other species often called Sultanas and Purple Water-

hens, for they all have a plumage of deep blue,—some
becoming violet, green, or black in parts, but preserving

the white lower tail-coverts, so generally characteristic

» Proc. Zml. Society, 1861, p. 260, pi. jsa.
' A somewhat intermediate form seems to be presented by thQ

Moor-hen of the Island of St Denis, to the north of Madagascar iPrvc
Zool. Society, 1867, p. 1036), hitherto undescribed.

* Op. oil., 1860, p. 865, pi. clxxii.

» Ov- ciL, 1871, p. 26, pL iL

' .Inn. !fat. Ilirtory, ser. 3. ni. p. 128.



M O O— M O R 809

of the group ; and their beauty is enhanced by their scarlet

bill and legs. TVo, P. cdleni of the Ethiopian Region and
the South-American P.^arva, are of small size. Of the

larger species, P. cmrulevs is the " Porphyrio " of the an-

cients, and inhabits certain localities on both sides of the

Mediterranean, while the rest are widely dispersed within

the tropics, and even beyond them, as in Australia and
New Zealand. But this last country has produced a more
exaggerated form, Notomis, which has an interesting and
perhaps unique history. First described from a fossil skull

by Prof. Owen.i and then thought to be extinct, an example
was soon after taken alive,^ the skin of which (with that

of another procured like the first by Mr Walter ManteU)
may be seen in the British Museum. Other fossil remains

were from time to time noted by Prof. Owen ^; but it began

to be feared that the bird had ceased to exist,* until a third

example was taken about the year 1879, the skin and most

of the bones of which, after undergoing examination in

New Zealand by Dr Buller and Prof. T. J. Parker,* found

their.way to the museum of Dresden, where Dr A B. Meyer
discovered th^ recent remains to be specifically distinct

from the fossU, and while keeping for the latter the name
N. mantelli gives the former that of N. hochstetteri. What
seems to have been a third species of Notomis formerly

inhabited Lord Howe's Island, but is now extinct (see

Birds, vol iii. p. 732, note). Whether the. genus Aptomis,

of which Prof. Owen has described the remains from New
Zealand, was most nearly allied to Notomis and Porphyrio

cannot here be decided. Prof. T. J. Parker {loc. cit.) con-

siders it a'"development by degeneration of an ocydromine

type" (see Ocsdeome). (a. n.)

MOOSE., See Deer, vol vii. p. 24.

MORADABAD. See Muradabad.
MORAL PHILOSOPHY. See Ethics, vol viiL p. 574.

MORATIN, Leaot)eo Fernandh:z de (1760-1828),

Spanish dramatist and poet, was the son of N. F. Moratin

mentioned below,- and was-bom at Madrid on 10th March

1760. His poetical and artistitT tastes were early deve-

loped, but his father, keenly alive to the difiiculties of the

literary calling, caused him to be apprenticed to a jeweller.

At the age of eighteen Morati.i 'urprised his friends by

winning the second prize of the Academy for a heroic poem
on the conquest of Granada, and two years afterwards he

attracted-TStill more general attention by a similar success

of his Leecion Poefica, a satire upon the popular poets of

the day. Through Jovellanos he was now appointed secre-

tary.to Cabarrus on his special mission to France in 1787,

and during his stay there he diligently improved his oppor-

tunities of becoming acquainted with the- contemporary

French drama, an4 of cultivating the acquaintance of men
of letters. Of the literary friendships he then formed the

most important we^s that with Goldoni ; indeed, Moratin

is much more correctly styled " the Spanish Goldoni " than

"the Spanish MoLifere." On his return to Spain Florida

Blanca presented him to a sinecure benefice in the diocese'

of Burgos; and in 1790 his first play. El Vi^o y la

Nina (The Old Husband and the Young Wife), a highly

finished but somewhat dreary verse comedy in three acts,

written in 1786, but delayed by objections of the actors,

i Proc. Zool. Society, 1848, p. 7 ; Trans., iii. p. 336, pi. Ivi.

» Proa., 1850, pp. 209-214, pL xxL ; Trans., iv. pp. 69-74, pi.

ITT.
• Thns the leg-'bones and what appeared to be the sternnra were

described and fignred by him (Trans., iv. pp. 12, 17, pis. ii. iv.),

and the pelvis and another femur (vii. pp. 369, 373, pis. xliL xliii. )

;

bnt the supposed sternum subsequently proved not to be that of

Notomis, and Professor Owen's attention being called to the fact he

rectified the error {Proc, 1882, p, 689) which he had previously

been "inclined to believe" {Trans., viii. p. 120) he had mada
* Notwithstanding the evidence, which it must be allowed pre-

ented some incongruities, offered by Mr^ackay (7W», 1867, p. 144).

« Trans. N. Zeal. Inst., xiv. pp. 238-258.

was at length produced at the Teatro del Principe. Its

success was only moderate. El Cafe or La Comedia Nueva,

on the other hand, given at the same theatre two years

afterwards, at once became* deservedly popular, and had
considerable influence in modifying the public taste. It

is a short prose comedy in two acts, avowedly intended

to expose the foUies and absurdities of the contemporary

dramatists—the school of Lope de Vega run to seed—who
commanded the support of the masses ; and it is still read

vnih pleasure for the simple ingenuity of its plot, tho live-

liness of its dialogue, and the easy grace of its style, while

to the student of literature it throws much useful Ught on

the contemporary state of the Spanish drama, and on the

reforming aims of the author and his party. In the same
year (1792) Florida Blanca was disgraced, but Moratin

at once found another patron in Godoy, who provided him
with a pension and the means for foreign travel ; he accord-

ingly passed through France into England, where he began
the free and somewhat incorrect translation of Hamlet
which was printed in 1798, but which has never been per-

formed. From England he passed to the Low Countries,

Germany, Switzerland, and Italy, and on his return to the

Peninsula in 1796 he received-a lucrative post at the Foreign

Ofiice. His next appearance in the drama did not take place

until 1 803, when El Baron was first publicly exhibited in

its present form. It successfully weathered a determined

attempt to damn it, and still keeps the stage. It was
followed in 180-t by La Mogigata (The Female Hypo-
crite), of which imperfect manuscript copies had begun

to circulate as early as 1791. It was favourably received,

as on the whole it deserved to be, by a public which wai

now at one with the author as to the canons of his art, and

an attempt to suppress it by means of the Inquisition on

alleged religious grounds {La Mogigata being an imitation,

a somewhat feeble one, of Molifere's Tartuffe) was success-

fully frustrated. Moratin's last and crowning triumph in

the department of original comedy was achieved in 1806,

when El Si de las Ninas (A Girl's Yes) was performed

night after night to crowded houses, ran through several

Spanish editions in a year, and was soon translated into

several foreign languages. In 1808, on the fall of the

Prince of the Peace, Moratin found it necessary to leave

Spain, but shortly afterwards he returned and consented

to accept the ofiice of royal librarian under Joseph Bona-

parte—a false step, which, as the event proved, permanently

alienated from him the sympathies of his country, and

compelled him to spend almost all the rest of his life in

exile. In 1812 his Escuda de los Maridos, a translation

and adaptation to the more dignified and stately Spanish

standard of Molifere's .Scale des Maris, was produced at

Madrid, and in 1814 El Medico a Palos (from Le Medecin

Malgre Lut) at Barcelona. From 1814 to 1828 Sloratin

lived in France, principally at Paris, and devoted himself

to the preparation of a learned work on the history of the

Spanish drama (Origenes del Teatro Espaiiol), which unfor-

tunately stops short of the period of Lope de Vega. He
died at Paris on 21st June 1828.

An edition of his Obras Dramaticas y Liricas in three vols, was
published at Paris in 1825. The lyrical works, consisting of odes,

sonnets, and ballads, are of comparatively little interest ; they

reflect the influence of his father and of the Italian ContL The
best edition of the Obras is that published by the Spanish Academy
of History in four vols, at Madrid in 1830-1831 ; see also vol. ii

oiBiblioteca de AiUorcs Espafuiles (1846).

MORATIN, Nicolas Fernandez db (1737-1780),

Spanish poet, was descended from an old Biscayan family,

and was born at Madrid in 1737. He was educated at

the Jesuit college in Calatayud, and afterwards studied

law at the university of Valladolid. He then received an

appointment in the service of Queen Elizabeth, the widow

of Philip v., which enabled him to see much of the society



810 M O K— M R
of leading statesmen, poets, ana men of letters ; and
ultbiately he became the leading spirit of the club of

literary men which frequented, the Fonda de San Sebastian
and included Ayala, Cadahalso, Iriarte, Conti. and otherw.

In 1772 he left the court, and was called to the bar; four
years afterwards he succeeded Ayala in the chair of poetry
in the Imperial College. He died on 11 th 'May 1 780.

Jloiatin became at an early period of bis life a convert to the
opinions of those who (such as Jlontianh and others) were attempt-
ing to diive the native romantic tlranja from the Spanisli stage, ami
his fij-st literary clforts were devoted to the cause of theatrical
reform. In 1762 he published three small pamphlets entitled
Vcsciigniki al Tcatro EsjiaHol (The Truth told abaut the ''Danish
Stage), in which he swerely criticized the old drama generally, and
particularly the still flourishing " auto sacramentaL They were
«o dr successful that the exliibition of "autos sacramentales " was
prohibited by royal ediet three years afterwards (June 1765). In
1762 bo alio published a play entitled La Pctimclra (the Petite-
Alaitresse, or Female Fribble), the earliest original Spanish comedy
formed avowedly on French models. It was preceded by a disserta-
tion in which Lope de Vega and Calderon are very unfavourably
criticized.- Neither the Pctimctra, however, nor the Lucrccia, an
original tragedy still more strictly iu accordance with the conventions
of the French stage, ever obtained the honoiu- of a public repre-
sentation. Two subsequent tragedies, Jlprmesinda (1770) and
Guz-nuin el Bueno (1777), were exhibited with partial success. In
176-J Moratin published a collection of short pieces, chiefly lyrical,

onder the title ai El Pacta, and in 1765 a short didactic poem on
the chase (Diana o Arte de la Caza). His "epic canto'' on the
destruction of his ships by Cortes (Las Kavcs de Gortcs Dcslniidas),
written, but without success, for a prize oifered by the Academy in

1777, was not published until after his deatlx (1785). It is justly
characterized by Ticknor as " the noblest poem of Its class produced
in Spain during the 18th century \" it must be remembered, how-
ever, .that the historical epic in -Spain is ehiefly remarkable for its

mass. A volume of Obras Postumas, with a life, -was published
It Barcelona in 1821, and reprinted it London in 1825. See also

Biblioicca de Autor.cs Espailolcs, vol. ii. (1846).

MOEAVIA (in German Mahken), a margraviate and
ftownland in the Cisleithan part of the Austrian-Hungarian
empire, lies between 15° 6'and 18° 45' E. long., and 48°

50' and 50° 10' N. lait. Its superficial extent is about
8580 square miles. Physically Moravia may be described

as a mountainous plateau sloping from north to south, and
bordejed -on-three sides by mountain ranges of considerable

elevation. On the north it is separated from Austrian and
Prussian Silesia by the Sudetes, which attain a height of

4775 feet in the Altvater or Schneeberg, and sink gradually

towards the west, where the valley of the Oder forms a break

between tne German mountains and the Carpathians. The
latter are the dividing range between Moravia and Hungary,
having here an .average -height of 3000 to 4000 feet. Oh
thfi west are the so-called Bohemian-Moravian moimtains,

forming the elevated east margin of Bohemia and descend-

ing in terraces, but without clearlyniefLned ridges, to the

river March. Branches of these different ranges intersect

the' whole country, making the surface very irregular,

except towards the south, where it consists of fertUe and
extensive plains. Owing to this configuration of the soil

the ciiinate varies more than might be expected in so small

an .area, so that, while the vine and maize are cultivated

successfully in the southern plains, the weather in the

mountainoua districts is somewhat rigorous. The mean
average temperature at Brunn is 48° Fahr. Jhe harvest

amid the mountains is often four or five weeks later than

that in the south. Almost the whole of Moravia belongs

to the basin of the March or Morava, from which it derives

its name, and which, after traversing the entire length of

the country in a course of 140 miles and receiving

numerous tributaries (Thaya, Hanna, <!kc.), enters the Dan-
ube at Pressburg. The Oder rises among the mountains
in the north-east of Moravia, but soon turns to the north

and quits the country. With the exception of a stretch of

the March none of the river? are navigable. Moravia is

destitute of lak^s, but contains numerous largo ponds.

There are also several mineral springs.

ftlicat .
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Proviucial affairs are managed by the landtag, consisting

of the Roman Catholic archbishop and bishop, 30 repre-

sentatives of the landed gentry, 37 representatives of the

towns and chambers of coiiunerce, and 31 representatives

of the country districts. There are six courts of justice

of the first instance in Moravia, and one of the second
instance (at Briimi), whence appeal lies to the supreme
court at Vienna. For military and judicial purposes

Moravia is united with Austrian Silesia.

Moravia belongs to the group of old Slavonic states

which have preserved their nationality while losing their

political independence. Upwards of 70 per cent, of the

inhabitants are Slavs, who are scarcely distinguishable

from their Bohemian neighbours. The differences in

dialect between the two countries are very slight, and are

being gradually lost in a common literary language. The
name of Czech, however, is usuaDy reserved for the

Bohemians, while the Slavs of Moravia and West Hungary
are called Moravians and Slovaks. The Czechs have lost

sight of their ancient tribal names, but the Moravians are

still divided into numerous secondary groups (Hovaks,
Hanaks, &c.), differing slightly in costume and dialect.

The peasants usually wear a national costume. In the

south of Moravia are a few thousand Croats, still preserving

their manners and language after three centuries' separation

from their kinsmen in Croatia ; and in the north-east are

numerous Poles. The Germans form about 26 per cent,

of the population, and are found mostly in the to^vns and
in the border districts. The Jews are the best educated

of the inhabitants, and in a few small towns form a full

half of the population. Their sjrmpathies generally lie

with the Germans. In 1880 the population was 2,153,407,

showing an increase of 136,133 since 1869. Moravia is

one of the most densely-populated parts of Austria-Hungary,

the proportion being 252 persons per square mile. About
12 per cent, of the births are illegitimate. The chief towns

are Briinn, the capital and industrial centre (82,660 inha-

bitants), Olmiitz, a strong fortress defending the " Moravian

Gate" (20,176 inhabitants), Znaim, and Iglau,

History.—At the earliest period of which we have any record

Moravia was occupied by the Boii, the Celtic race which has per-

petuated its name in Bohemia. Afterwards it was inhabited by the

Gerinanic Quadi, who accompanied the Vandals in their westward
migration ; and they were replaced in the 5th century by the Rugii

and Heruli. The latter tribes were succeeded about the year 650 a.d.

by the Lombards, and these in their turn were soon forced to retire

before 'an overwhelming invasion of Slavs, who, on their settlement

there, took the name of Jloravians (German, Mchranen or Mdhrcn)
from the river llorava. These new colonists became the permanent
inhabitants of this district, and in spite of the hostility of the

Avars on the east founded the kingdom of Great Moravia, which
was considerably more extensive than the province now bearing

the name. Towards the end of the 8th century they aided Charle-

magne in putting an end to the Avar kingdom, and were rewarded

by receiving part of it, corresponding to North Hungary, as a fief

of the German emperor, whose supremacy they also acknowledged
more or less for their other possessions. After the death of

Charlemagne the Moravian princes took advantage of the dissen-

sions of his successors to enlarge their territories and assert their

independence, and Rastislaus {circa 850) even formed an alliance

with the Bulgarians and the Byzantine emperor. The chief result

of the alliance with the latter was the conversion of the Morarians
to Christianity by two Greek monks, Cj-ril and Methodius, des-

ptched from" Constantinople. Kastislaus finally fell into the

nands of Louis the German, who blinded him, and forced him
to end his days as a monk ; but his successor, Suatopluk {ob. 890),

was equally vigorous, and extended the kingdom of Great Moraria

to the Oder on the west and the Gran on the east. At this period

there seemed a strong probability of the junction of the north-

western and south-eastern Sla^-s, and the formation of a great

Slavonic power to the east of the German empire. This prospect,

however, was dissipated by the invasions of the Magyar hordes in

the lOtli century, the brunt of which was borne by Jloravia. The
invaders were encouraged by the German monai-chs and aided by

the dissensions and mismanagement of the successors of Suatopluk,

ind in a short time completely subdued the eastern part of Great

Jloravia, The name of Moi-avia was henceforth confined to the

district to which it now applies. For abont a eentury the posses-
sion of this marchland was disputed by Hungary, Poland, and
Bohemia, but in 1029 it was finally incorporated with Bohemia,
and so became an integral part of the German empire. Towards
the close of the 12th century Moravia was raised to the dignity of
a margraviate, but with the proviso that it should be held as a fief

of the crown of Bohemia. It henceforth shared the fortunes of
this country, and was usually assigned as an apanage to younger
members of the Bohemian royal house. In 1410 Jobst, margraVa
of Jloravia, was made emperor of Germany, but died a few months
after his election. In 1526, on the death of Louis II. of Hungary,
Jloravia came with the rest of that prince's possessions into the
hands of the Austrian house. During the Thirty Years' War the
depopulation of Jloravia was so great that after the peace of West-
phalia the states-general published an edict giving every man
permission to take two wives, in order to "repeople the country."
After the Seven Years' War Moravia was united in one province
with the remnant of Silesia, hot in 1849 it was made a separate
and independent crownland. The most noticeable feature of recent
Moravian historj has been the active sympathy of its inhabitants
with the ahti-Teutonio home-rule agitation of the Bohemian Czechs
(see Bohemia).
Authorities.—Vndik, Mdhrens altgsmcine Gescliichte 05nmn, 1880-7C); Wolny,

Die Markgrajschafi Mdhren, topographisch, stntistisch, und historisch geschilderi
(Brunn, 1835-40); D'Elvert, Bcitrdge zur Gcsehichte der NeugestaU iing UdJimu
im nun Jahrhundert (1867) ; Trampler, Heimatskunde der Mark Mihrcn
O'ienna, 1877); Statistische Jahriiicher ol the Imperial Statistical Coniniissloo
(Vienna). (j. p. M.)

MORAYIANT BRETHREN, The, are a society of Chris-
tians whose history can be traced back to the year 1457
and their origin found among the religious movements in

Bohemia which followed the martyrdom of John Huss by
the council of Constance. The beginnings of the Bohemian
Brethren (for that was their earlier name) are somewhat
obscure. The followers of Huss broke up into two factions,

one of which, the Calixtines, was mlling to acknowledge
allegiance to Rome, provided the " compacts " of the council

of Basel permitting the Lord's Supper sub ntraque specie

were maintained, and in the end it became the national

church of Bohemia ; the other, the Taborites, refused all

terms of reconciliation, and appealed to arms. Separate
from both these were many pious people who were content
to worship God in simple fashion, in quiet meetings for

prayer and Scripture-reading, like the Gottesfreunde of

Germany, and who called themselves Brethren. Bohemian
historians have conclusively shown that the Brethren repre-

sent the religious kernel of the Hussite movement, and do
not come either from the German Waldenses or from the
Taborites. Before 1457 many of these quiet Christians
werre known as the Brethren of Chelcic, and were the
followers of Peter Chelcicky, a Bohemian, whose religious

influence, strongly Puritan in its character, seems to hav«
been inferior only to that of Huss. In that year the Calii-
tine leader, Rokyzana, wishing to protect them, permitted
his nephew Gregory to gather them together at Kunewald
near Senftenberg, and form them into a commimity. This
meeting was really the foundation of the Brethren or Unitca
Fratrum, and its founder Gregory announced that he and
his companions received and taught the rejection of oaths,
of the military profession, of all official rank, titles, and
endowments, and of a hierarchy. They did not profess
communism, but they held that the rich should give of
their riches to the poor, and that all Christians should live

as nearly as possible in the fashion of the apostolic com-
munity at J-rrusalem. At the synod of Lhota near
Reichenau, in 1467, they constituted themselves into a
church separate from the Cali.xtine or national church of

Bohemia. They appointed ministers of their own electiou

and with the guidance of the " lot," and had an organiA-
tion and discipline of their own ; at their head was a bishop,

who, it is said, received ordination from the Austrian
W»4denses, but apostolic succession among the Brethren
v one of the most obscure parts of iheir histoiy.

The constitution of the society was revised at a second
synod held at Lhota under the direction of Luke of Prague,
who may be regarded as their second founder. This re-
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organization enabled the society to grow rajjiilly. In the

earlier years of the 16th century the i'nitas inchided nearly

400 congregations in Bohemia and Moravia with 150,000
members, and, including Poland, embraced three pro\'inccs

—Bohemia, Moravia, Poland. Each province had its own
bishops and sjTiods, but aU were united in one church and
governed by the general synod.

The Lutheran movement in Germany awakened lively

interest among the Brethren, and some unsuccessful at-

tempts were made under the leadership of Augusta to

unite with the Lutheran Church (1528-1546); but when
the Cal^'inist reformation reached Bohemia the Brethren

found themselves more in sympathy with it than Ts-ith the

Lutheran. The Jesuit anti-Reformation, instigated by
Rudolf and his brothers Matthias and Ferdinand, found

the Brethren a prosperous church, but the pitiless persecu-

tion which followed the unsuccessful attempt at revolution

crushed the whole Protestantism of Bohemia, and in 1627
the Evangelical churches there had ceased to exist. About
the same time the Polish branch of the Unity, in which
many refugees from Bohemia and Moravia had found a

home, was absorbed in the Reformed Church of Poland. A
few families, however, especially in Moravia, held religious

services in secret, preserved the traditions of their fathers,

and, in spite of the vigilance of their enemies, maintained

some correspondence with each other. In 1722 some of

these left home and property to seek a place where they

could worship in freedom. The first company, led by
Christian David, a mechanic, settled by invitation from

Count Zinzendorf on his estate at Berthelsdorf near Zittau,

in Saxony. They were soon joined by others (about 300
coming within seven years), and built a town which they

called Herrnhut. The small community at first adopted

the constitution and teaching of the old Unitas. The epis-

copate had been continued, and in 1735 David Nitschmann
was consecrated first bishop of the Renewed Moravian
Chiu'cL The new settlement was not, however, destined

to be simply a revival of the organization of the Bohemian
Brethren. Zinzendorf, who had given them an asylimi,

eame with his wife, family, and chaplain to live among
the refugees. He was a Lutheran who had accepted

Spener's pietism, and he wished to form a society distinct

from national churches and devoted to good works. After

long negotiation a union was effected between the Lutheran
element and the adherents of the ancient Unitas Frairum.

The emigrants at Herrnhut attended the parish chiu-ch at

Berthelsdorf, and were simply a Christian society within

the Lutheran Church (ecclesiola in ecclesia). This pecu-

liarity is stiU to some extent preserved in the German
branch of the church, and the Moravian Brethren regard

themselves as a church within the church, or the Brethren's

Congregation within the Evangelical Protestant churches,

which enables them to do evangelistic work without pro-

selytizing. The society adopted a code of rules in 1727,

and ordained twelve elders to carry on pastoral work.

This was the revival of the Unitas Frairum as a church.

Constitution.—The Unity of Morai-ian Brethren at present era-

braces three provinces—German, English, and American. Each
province has its own government by synod and provincial elders'

conferences ; but it forms with the other two one organic whole, and
is therefore under the control of a general government also. The
general synod, which governs the whole church, meets every ten

years at Herrnhut, and is attended by delegates from all the pro-

vinces and from tlie missions. Tlie elders' conference of the Unity
is an executive board, wbicli superintends all the produces and the

missions. The present constitution dates from 1857, when the old

organization of the Unitas Fratrum was remodelled.

Ministers and IVorship.—The ministers arc bishops, presbyters,

and deacons. The bishops alone can ordain, but they are not

diocesan. They are appointed by the general synod, or by the

elders' conference of the Unity, and have official scats both in the

eynods of the provinces where they preside, and in the general

^ynod. Unordained assistants in the ministry, whether men or

women, are formally set apart as acolytes. The worship islitui-

gical. Special Bervices arc used on the festivals of the ecclesiastical

ye.ir, on the "Memorial Days" Ist March, 12th May, 17th and
25lh Juno, 6th July, 13th ami 21st August, 16th September, Slst

October, and 13th November. Love-feasts are still Iteld, bat the
feet-washing and the use of the lot in the election of ministers and
in marriages have fallen into disuse. The use of the lot in marriages

was abolished in 1S18.

Dodrinc.—The Jlotavian Cliurch has no formal creed, but its

doctrine, as found in the catechism, in the Easter morning litany,

and in the Sijiuxint H^sulls, embraces the following jraints (settled

by the synod of 1879) :—(1) that Scripture is the only rule of faith

and practice, (2) the total depravity of human nature, (3) the lov^

of God the Father, (4) the real Godhead and the real humanity of

Jesus Christ, (6) our reconciliation unto God, and our justificatiou

before Him, through ^the sacrifice of Jesus Christ, (6) the docti-ine

of the Holy Ghost and the operations of His grace, (7) good works
as the fruit of the Spirit, (8) the fellowship of believers one with
another in Christ Jesus, (9) the second coming of tlie Lord in glory,

and the resurrection of the dead unto life or unto condemnation.
jrorl:—(a) Hone ITork in the Three Provinces.—This embraces

two divisions. (1) Besides congregational work, special homo
missions are carried on in each province. In the German province

there is a peculiar home mission called the Diaspora, which dates

from 1729. Its object ^s unsectarian. It seeks to excite and foster

spiritual life by means additional- to those provided by the estab-

lished churches, and does not make proselytes nor strive to draw-

members from other Protestant churclics. The work is carried on iu

Denmark, in Norway and Swedeji, in the various parts of Germany,
in the Baltic provinces of Russia, in Poland, and iu Switzerland.

In the English province home mission work is conducted on the

principle of establishing preaching-stations in populous places, which
may ultimately become congregations connected with the church.

There is also a society for propagatiug the gospel in Ireland. The
work in the American province is of the same kind. (2) The
Brethren have always paid special attention to education. Each
province has a theological college, and there are in the three pro-

vinces forty-seven boarding-schools for boys and girls not connected
with the Moravian Church. At these schools nearly 2500 pupils

are educated.
(A) Foreign Missions.—The Jloravian Church since its reorgani-

zation by Zinzendorf has been the missionary church par excellence.

The third jubilee of missions was celebrated in 1882. The first

period began with 1732, when two men, Leonard Dover and David
Nitschmann, were sent to preach to the negroes of St Thomas

,

when it ended in 1782, the church had 167 brethren and sisters

occupying 27 stations. In 1832 the church had to record 40,000
converts under the direction of 209 missionaries at 41 stations.

The latest statistics show 115 stations \vith 317 additional preach-
ing-places, 7 normal schools with 70 scholars, 215 day schools with
15,616 pupils, 215 teachers, and 634 monitors, 94 Sunday schools
with 13,355 pupils and 884 teachers, 312 missionaries (male and
female), 1471 native assistants, and 76,646 converts.

(c) The Bohemian Mission.—The Brethren early made missionary
circuits from Herrnhut and Silesia through Bohemia and Jloravia,

and since 1862 this itinerating work was largely increased. In
1869 it was resolved to re-establish the church in these' countries of
its birth, and the first congregation was inaugiu-ated iu October
1870. It now contains four congregations, and in 1880 obtained
legal sanction.

(d) The Leper Mission was begun in 1822 in South Africa, and
carried on there till 1867, when t£e English Government appointed
a chaplain to do the work. The Leper Home in Jerusalem was
established in 1867, and formally taken over by the elder:' confer-

ence of the Unity in 1881.

Statistics.—
The Three Home Provinces.

Bishops . . 10
Presbyters and Deacons 291
Communicants . 18.871

Foreign and Bohemian ifi3Sion.t.

Bishops . . 3
Missionaries , , 167
Female Agents . 110
Native Ministers and

Assistants . . 35
Native Agents . 1,524
Communicants . 26,455

LitePttfare.—Gtndely, CeechichU der hohm. BrMer, 2 vols., Prag., 1868; GoU
Gt^hichte d. bohai. Briider, Prag., 1882 ; Holmes, History <^tha United Lrethrtn,
2 vols., London, 1825 ; Best, Hi^. de VEgtise des Freres, ,2 vols., Paris, 1844
(also Eng. translation); Belfferth, Church Constitution of 0\e liuhrminn nwX
Moravian Brethren. (T. M. L.1

MOR-\YSHIRE. See Elgin, vol viu. v. 129.

MORBIHAN, a department of western France, formed
of part of Lower Brittany, lies on the Atlantic seaboard

between 2° 2' and 3" 45' W. long., and between 47° 26' and
48° 12' N. lat., being bounded S.E. by the department of

Loire- Infiirieurc, E. by that of Ille-et-Vilaine. N. by Cotes
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du Nord, and W. by Finist6re. Ita chief town. Vannes.
is 248 miles west-south-west of Paris in a direct line and
310 by rail. From the llontagnes Noires on tho northern
frontier the western portion of Jlorbihan slopes southward
towards Finistfere, watered by tho Quimperl<5, the Blavet
with its affluent the Scorff, and tho Auray; the eastern
portion, on the other hand, dips towards the south-east in the
direction of the course of the Oust and its feeders, which
fail iato the Vilaine. Though the Montagues Noires con-
tain the highest point (975 feet) in the department, the most
striking orographic feature of Morbihan is the dreary, tree-

less, streamless tract of moorland and marsh known as the
IJandes of Lanvaux, which extends (west-north-west to east-

south-east) with a width of from 1 to 3 miles for a distance
of 31 miles between the valley of the Claie and that of the
Arz (affluents of the Oust). A striking contrast to this

district is afforded by the various inlets of the sea, whose
shores are clothed with vegetation of exceptional richness,

large fig-trees, rose-laurels, and aloes growing as if in

Algeria. The coast-Une is exceedingly irregular : the
mouth of the Vilaine (the longest river of the department),
the peninsula of Ruis, the great gulf of Morbihan (Inner
Sea), from which the department takes its name, and the
mouth of the Auray, the long Quiberon peninsula attached
to the mainland by the narrow isthmus of Fort Penthifevre,

the deep-branching estuary of Etel, the mouths of the
Blavet and the Scorff uniting to form the port of Lorient,

and, finally, on the borders of Finistfere the mouth of the

Laita, follow each other in rapid succession. Off the coast

liethe islandsof Groix,Belle-isle, Houat,andHoedik. Vessels

drawing 13 feet can ascend the Vilaine as far as Redon;
the Blavet is canalized throughout its course through the

department ; and the Oust, as part of the canal from Nantes
to Brest, forms a great waterway by Redon, Josselin, Rohan,
and Pontivy. The climate of Morbihan is characterized

by great moisture and mildness, due to the influence of the

Gulf Stream.

Of the 2625 square miles forming the department, nearly one
half is occupied by moors (landes), arable soil forming little more
than a third part of the whole, meadows a tenth, and woodlands
a fifteenth. The horses number 36,000, homed cattle 285,000,

sheep 92,000, pigs 60,000, goats 6000, and beehives 76,000. In

1^82 the agricultural produce comprised 3,751,680 bushels of rye

and 1,544,170 bushels of wheat; and considerable quantities of

buckwheat, oats, potatoes, pease and beans, chestnuts, beetroot,

hemp, colza, and flax are gr6wn. A little wine also is made, but

the usual liquor of the district Is cider (manufactured to the extent

of 11 to 13 million gallons per annum). The sea-ware gathered

along the coast helps greatly to improve the soil. Outside of

Lorient there is little industrial activity in Morbihan, though

canvas, leather, preserved foods, paper, and chemical products

derived from the sea are all manufactured. Salt marshes give

employment to 400 hands, and yield on an average 9S92 tons of

salt; and slate, kaolin, iron-ore, and granite are also worked. The
catching and curing of sardines and the breeding of oysters form

the busmess of many of the inhabitants of the coast, who also fish

for anchovies, lobsters, &c., for tinning. There are 154 miles of

railway in the department, and it was intended (1833) that the Une

from Nantes to Brest should have branches from Auray to St Brieuc

and to Quiberon, and from Questembert to Ploermel. Morbihan

is divided into four arrondissoments,—Vannes, Lorient, Ploermel,

and Pontivy—37 cantons, and 249 communes. The population in

1881 was 521,614.

Few departments contain so many localities interesting for their

historical associations. Besides the megalitbio monuments of

Carnao (2800 inhabitants) {q.v.) and of Locmariaquer (2050),

may be mentioned—Sarzeau (5720) with its castle of bucinio, one

of t'ne ancient dukes of Brittany ; Josselin (2710) with the tomb

of Olivier de Clisson, constable of France, and of his second wife

Marguerite de Rohan ; the castle of the Eohans, and in the neighbour-

hood a column in memory of the " Combat of the Thirty ;" Gu^miSn^

(1570) and the chateau of the Eohan Guemeni family ; Le Palais

(4885), the chief place in Belle-islo, containing the chateau of

Fouquet (Louis XIV.'s superintendent of finance) and the hospital

erected;by his wife. Quiberon (2380) is associated with the disaster

ofthe French ^migris ;
Hennebont (6050) has a magnificont railway

viaduct over the Blavet, and La Koche Bernard (1230) a suspension

bridge ovcf the Vilaine, C46 feet long and 108 feet above spring

tides.

MORDAUXT, Chaeles. See Peterbokough, Eael of.

5I0RDVINLANS, more correctly Moedva or Mordvs,
are a peojile numbering about one million, of Finnish

origin, belonging to the Ural-Altaic family, who inhabit

the middle Volga provinces of Russia and spread in small

detached communities to the south and east of these.

Their settlement in the basin of the Volga is of high

antiquity. One of the two great branches into which

they are divided, the Aorses (now Erzya), is mentioned
by Ptolemy as dwelling between the Baltic Sea and the

Ural mountains, whilst the Aorses of Asia occupied at

the same time the country to the north-east of tho Caspian

between the Volga and the Jaxartes. Their king is said

to have come with 200,000 horsemen to aid Mithradates

in his wars. Strabo mentions also the Aorses as inhabit-

ants of the country between the Don, the Caspian Sea,

and the Caucasus. The name of Mordvs is mentioned
for the first time by Jordanes, and they were known
under the same name to the Russian annalist Nestor. The
Russians made raids on the Mordvrf in the 12 th century,

and after the fall of Kasan they rapidly invaded and
colonized their abodes. The Mordvs now occupy the

Russiai) provinces of Simbirsk, Penza, Samara, and Nijni-

Novgorod, as well as those of Saratoff and Tamboff. But
their villages are dispersed among those of the Russians,

and they constitute only 10 to 12 per cent, of the popu-

lation in the four first-named provinces, and from 5 to

6 per cent, in the last two. They are unequally distri-

buted over this area in ethnographical islands, and con-

stitute as much as 23 to 44 per cent, of the population of

several districts of the governments of Tamboff, Simbirsk,

Samara, and Saratoff, and only 2 or 3 per cent, in other

districts of the same provinces. A small number of Mordvs
are found also in the provinces of Ufa, Orenburg, Astrakhan,

and even in Siberia as far east as the river Tom. They

are divided into two great branches, the Erzya and the

Moksha, differing in their ethnological features and in their

language. The southern branch, or the Moksha, have a

darker skin and darker eyes and hair than the northern.

A third branch, the Karatays, ia due to mixture with

Tatars, whilst a fourth branch, mentioned by several

authors, is, according to Mainoffi but a local name for

pure Mordvs. Their lifnguage is considered by M. Ahlqvist

as the third branch of the Western Finnish family, the two

other branches being the Laponian and the Baltic Finnish,

which last embodies now the languages of the Karelians,

the Tavastes, the Wotes, the Wespes, the Esthes, and the

Lives. The Mordvs are for the most part completely

Russified,^-even the Mokshas who consider themselves as

the only pure Mordvs,—yet they have well maintained

their ethnological features, and can be'easUy distinguished

even when living completely as Russians. They have

nearly quite forgotten their own language, only a few

women remembering it among the Mokshas ; but they

have maintained a good deal of their old national dress,

especially the women, whose profusely embroidered skirts,

original haii'-dress, large earrings which sometimes are

merely hare-tails, and numerous necklaces covering all the

chest and consisting of all possible ornaments easily dis-

tinguish them from Russian women. They have mostly

dark hair, but blue eyes, generally small and rather narrow.

The cephalic index of the Mordvs is very near to that of

the Finns. They are brachycephalous, or sub-brachycepha~

lous, and a few are mesaticephalous. They are finely built,

rather tall and strong, and broad-chested. Their chief occu-

pation is agriculture ; they wotk harder and (in the ba.3iii

of the Moksha) are more prosperous than their Russian

neighbours. Their capacities as carpenters were well
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known in Old Russia, and Ivan tLe Terrible used them to

build bridges and clear forests during his advance on Kasan.

At present they manufacture in their villages great

quantities of wooden ware of various sorts. They are also

great masters of apiculture, and the commonwealth of bees

oftep appears in their poetry and religious beliefs. All

explorers are unanimous in recognizing their honesty,

morality, and sj-mpathetic character ; it is noticed also

that they have remarkable linguistic capacities, and learn

with great case not only Russian but also several Finnish

and Turkish dialects. Nearly aU are Christians ; they

received baptism in the reign of Elizabeth ; the Noncon-

formists have recently made many fervent proselytes among
them. But they still preserve very much of their own
rich mj'thology, which they have adapted to a certain ex-

tent to the Christian religion. They have preserved also,

especially the less Russified Moksha, the practice of kid-

napping brides, with the u?;;al battles between the party

of the bridegroom and that of the family of the bride. The
worship of trees, water (especially of the water-divinity

which favours marriage), the sun or Shkay, who is the chief

divinity, the moon, the thunder, and the frost, and that

devoted to the home-divinity Kardaz-serko can be seen in

full force among them ; and a small stone altar or flat

stone covering a small pit to receive the blood of slaughtered

animals can be found in very many houses. Their burial-

customs are of a quite pagan character. On the fortieth

day after the death of a kinsman the dead is not only

supposed to return home but a member of his household,

dressed in his dfess, plays his part, and, coming from the

grave, speaks in his name. The practice of animal sacrifice

is stiU deep rooted among the Mokshas, who continue to

drink the warm blood of immolated animals.

The Mordvs have always had a great attraction for Russian
inquii'ers ; Strahlenberg, Georgi, Pallas, and especially Lepekhin
have written about them. Melnikoff has published in several

Russian periodicals interesting sketches of their religious beliefs.

A great number of smaller sketches have appeared in periodicals

;

these are enumerated by JIainoif in the Izvcstin of the Russian Geo-

graphical Society for 1877. Entrusted by the Geographical Society

with the study of this race, Mainoff has recently made extensive

anthropological measurements and studies of their customs and
common-law. The results are published, but not yet in full, in

the Izvesiia of the Russian Geographical Society for 1878, and in

the periodicals Slovo for 1879, and Old and New Hussia for 1878.

They were to appear in full in the Memoirs of the Society.

MORE, Hannah (1745-1833), who was born at Staple-

ton near Bristol in 1745, may be said to have made three

reputations in the course of her long life : first, as a clever

verse-writer and witty converser in the circle of Johnson,

Reynold^ and Garrick ; next, as an animated writer on

moral and religious subjects on the Puritanic side; and

lastly, as a practical philanthropist. She was the youngest

but one of the five daughters of Jacob More, a scion of a

landed Norfolk family, who taught a school at Stapleton

in Gloucestershire. The sisters established a boarding-

school at Bristol in 1767. Hannah's first literary efi'orts

were pastoral plays, suitable for young ladies to act,

published in 1773 linder the title of A Search after

Happiness. Metastasio was one of her literary models;

on his opera of Re<julus she based a drama, The Inflexible

Captive, published in 1774. An annuity from a wealthy

admirer set the young lady free for literary pursuits.

Some verses on Garrick's Lear led to an acquaintance

;

Miss More was taken up by the great female Mscpnas,

Mrs Montague ; and her unaffected enthusiasm, simplicity,

vivacity, and wit won the hearts of the whole Johnson

set, the creat lexicographer hitnself being- especially fasci-

nated
'

Miss More was petted, complimented, and en-

couraged to write. Her ballad, Eldred of the Bower, was

praised and quoted by the highest living authorities;

and she wrote for Garrick the traxedj Percy, which was

acted with great success in 1777. Another di'ama, lite

Fata/ Ft(/t<e/ir,oi{, produced in 1779 after Garrick's death,
was less succe-isful. In these dramas she borrows from
Shakespeare situation, imagery, and phraseology with
greater freedom than modern criticism would tolerate

;

but they are written with great vigour, freshness, and
effect. Her Sacred Dramas appeared in 1782. These
and the sprightly octosyllabic jioeins Bas-Blev and Florio

(178G) mark her gradual transition to more serious \'iews

of life, which were fully expressed in ]>~ise in her Thovghts
on the Manners of the Great (178S), and An Estimate of the

Religion of the Fashionable irorW (1790). She had never
been overpowered by the flattering reception given her in

fashionable society; she had received its attentions with
misgivings and reservations, never touching cards, keepin.5

Sunday strictly, and preferring company where she could
have serious conversation ; and finally, soon after Garrick's

death, she set herself against theatre-going under any
pretence. There is great uniformity of tone and topic in

her ethical bocks and tracts :

—

Stricttires on Female Educa-
tion (1799), Hints towards forming the Character of a
Yonng Princess (1805), Coelebs in Search of a Wife (only

nominally a story, 1809), Practical Piety (1811), Chris-

tian Morals (1813), Character of St Paul (1815), Moral
Sketches (1818). The tone is uniformly animated; the

\\Titing fresh and vivacious ; her favoiurite subjects the
minor immoralities, the thoughtless self-indulgences -and
infirmities which are rather indirectly than directly harmful.

She was a rapid WTiter, and her work is consequently
discursive and formless ; but there was an originality and
force in her way of putting commonplace sober sense and
piety that fully accounts for her extraordinary popularity.

An interesting episode in her literary life was her three

years' labour in writing spirited rhymes and prose tales in

the Cheap Repository series (1795-1798) to counteract the

doctrines of Tom Paine and the influence of the French
Revolution. Two millions of these rapid and telling

sketches were circulated in one year, teaching the poor in

rhetoric of most ingenious homeliness to rely upon the

virtues of content, sobriety, humUity, industry, reverence

for the British constitution, hatred of the French, trust

in God and in the kindness of the gentry. Perhaps th£
noblest testimony to Hannah More's sterling worth was
her indefatigable philanthropic work—her long-continued

exertions to improve the condition of the children in the

benighted districts in the neighbourhood of her country
residences at Cowslip Green and Barley Wood. She
limited her aims strictly, as a good churchwoman and
anti-Revolutionist, to teaching them to read good books
and trying to raise their moral tone ; but no philanthropist

ever laboured at greater self-sacrifice or with purer motives.

In her serene old age, philanthropists from all parts of the

world made pilgrimages to see the bright and amiable old

lady, and she retamed all her faculties till within two
years of her death, dying at Clifton on 7th September
1833, at the mature age of eighty-seven.

MORE, Heney (1G14-1687), one of the most remark-

able and interesting of tlie "Cambridge Platonists," was
born at Grantham in Lincolnshire in the" year 1C14. TTia

father was "Alexander More, Esq., a gentleman of fair

estate and fortune," highly spoken of by his son, who
attributes to his father his own poetical tastes and generous

love of learning from his early youth. Both his father

and mother, he further tells us, were " earnest followers of

Calvin," but he himself " could never swallow that hard

doctrine." As soon as he went to Eton he gave himself

up to what he considered a more genial and encouraging

train of religious thought. From his boyhood in the Eton
playing-fields he was a philosophical and religious dreamer,

and he describes his moods of religious reverie in a very



MORE 815
interesting manner.^ His communings and ecstasies have
no morbid taint ; they are the natural carriage of a strangely
gifted spirit. " From the beginning all things in a manner
came flowing to him," and his mind, according to his own
saying, "was enlightened with a sense of the noblest
theories in the' morning of his days." In 1631 he went
to Cambridge, and was admitted at Christ's College about
the time Milton was leaving it. He immersed himself
" over head and ears in the study of philosophy," and fell

for a time into a sort of scepticism, from which, however,
he was delivered by a study of the " Platonic writers."

He was fascinated especially by Neo-Platonism; and this

fascination never left him. The Theologia Germanica also

exerted a great and permanent influence over him. He
entered upon a course of spiritual self-discipline which
made all his previous studies seem of comparatively no
value ; and gradually light as well as peace came to him.
He got "into a most joyous and lucid state of mind,"
which he described in a Greek epigram, as he had formerly,

described his state of mental and spiritual darkness in the
same manner. He took his bachelor's degree in 1635, his

master's degree in 1639, and immediately afterwards was
chosen fellow of his college. In this position he may be
said to have remained all his life. Many off"ers of prefer-

ment were made to hiro, but he refused them f U, with one
exception. Fifteen years after the Eestoration, he accepted

a prebend in Gloucester cathedral, but only to resign it in

favour of his friend Dr. Edward Fowler, afterwards the
weU-knowh bishop of Gloucester. He had no ambition,

and steadily declined all attempts to draw him towards
public life. He would not even accept the mastership of

his college, to which, it is understood, he would have been
preferred in 1654, when Cudworth was appointed. He
drew many young men of a refined and thoughtful turn
of mind around him, but among all his pupils the most
interesting was a young lady of noble family, a " heroine

pupil," as his biographer (Ward) says, " of an extraordinary

nature." This lady is supposed to have been a sister of

Lord Finch, afterwards earl of Nottingham, a well-known
statesman of the Restoration. She afterwards became
Lady Conway, and at her country seat at Ragley in

Warwickshire More continued at interi'als to spend "a
considerable part of his time." She and her husband both
greatly appreciated him, and amidst the woods of this

pleasant retreat he composed several of his books. There
is reason to think that the spiritual enthusiasm of Lady
Conway was a considerable factor in some of More's.

3peculations, none the less that she at length passed from
his religious pupilage into the ranks of the Quakers.

Susceptible to all the excited impulses of her time, this

lady became the friend not only of More and Penn but of

Baron van Hehnont and Valentine Greatrakes, mystical

thaumaturgists who played a considerable part amid the

teeming enthusiasms of the 17 th century. Eagley became
1 centre not only of devotion but of wonder-working spirit-

ualism.2 " Many happy days," More says, he spent in this

" paradise," and its fantastic mysticism had more allure-

ments for him than he himself realized. His genius suffered

in consequence, and the play of rationality which distin-

guishes his earlier is much less conspicuous in his later

works. He was a voluminous writer both in Terse and
prose, and the mere list of his works would occupy more
space than we can give to it. Many of his^productions

are now unreadable ; but the Divine Dialogues, published

in 1668, may be still read with pleasure. It is animated

and sometimes even brilliant, with less prolixity and

digression than his other productions, while it has also

' "Prefatio Generalissima " prefixed to his Opera Omnia, 1679.
' The place and its religions marvels are glanced at in the romance

of John Inglesant (chap. xv. ).

the advantage for modern readers that it condenses hi<;

general view of philosophy and religion. Most of hih

characteristic principles may in fact be gathered from it.

The year in which he composed the Divine Dialogues

may be said to mark the highest point of his intellectual

activity. His Manual of Metaphysics and elaborate treat-

ises on Jacob Boehme and Spinoza were subsequent to

this ; but th? elasticity and freshness of his philosophical

genius are less buoyant in these efforts, and the prophetico-

mystical elements which were a weakness in his mental
constitution from the first grew as his years advanced.

He represents more than any other member of the school

the mystical and theosophic side of the Cambridge move-
ment. Its lofty rationality, the rationality of which he
himself had spoken earlier, in noble language, at length

evaporates in him in inteUectual reverie and dreams. The
Neo-Platonic extravagances which lay hidden in the school

from the first came in his writings to a head,- and merged
in pure phantasy,—a set of favourite ideas which not

merely guided but dominated the reason. Withal Henrj-

More can never be spoken of save as a spiritual genius and
significant figure in the history of British philosophy, less

robust and manly and in some respects less learned than
Cudworth but more interesting and fertOe in thought, and
more sweet, singular, and genial in character. From youth
to age he describes himself as gifted with a most happy and
buoyant temper. The presence of nature filled him with

rapture ; he wished he could be always sub dio. " Walk-
ing abroad after his studies his sallies towards nature

would be often inexpressibly ravishing, beyond what he
could convey to others." His own thoughts were to him
a never-ending source of pleasurable excitement. His
m ind moved with great rapidity and at a lofty elevation,

so that, as he says, he seemed " all the while to be in the

air." This mystical glow and elevation were the chief

features of his mind arid character, a certain transport and
radiancy of thought which carried him beyond the commos
life without raising him to any false or artificial height,

for his humility and charity were not less conspicuous than

his piety. The last ten years of his life are without any
special record, and he died on the morning of 1st September

1687, and was buried in the chapel of the college he loved

so well, where within less than a year his friend Cudworth
was laid beside him.

Befor." his death More issued complete editions of his works, his

Opera Theologica in 1675, and his Opera Pliilosophica in 1678.

Tlie chief authorities for his life are Ward's Life, 1710 ; the "Prt-
fatio Generalissima" prefixed to his Opera Omnia, 1679 ; and also

a general account of the manner and scope of his writings in ai.

Apology published in 1664. The collection of his Philosophical

Poems, 1647, in which he has "compared his chief tpeculationi

and experiences," should also be consulted. An elaborate analy-

sis of his life and works is given in Principal Tulloch's PatioiiaL

Tlieolog'y, vol. ii., 1874. (J. T.)

MORE, Thomas (1478-1535), lord chancellor, and one

of the most illustrious Englishmen of his century, was
born in Milk Street La the City of London, 7th February

1478. He received the rudiments of education at St

Anthonjr's School in Threadneedle Street, at that time

under Nicolas Holt held to be the best in the city. He
was early placed in the household of Cardinal Morton,

archbishop of Canterbury. Admission to the cardinal's

family was esteemed a high privilege, and was sought as

a school of manners and as an introduction to the world

by the sons of the best families in the kingdom. Young
Thomas More obtained admission through the influence of

his father, Sir Thomas, then a rising barrister and after-

wards a justice of the Court of King's Bench. The usual

prognostication of future distinction is attributed in the

case of More to Cardinal Morton, " who would often tell

the nobles sitting at table with him, where young Thomas
waited on him, whosoever liveth to trie it shall see this
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child prove a notable and rare man."^ At the proper age

young More was sent to Oxford, where he is said vaguely

to have had Colet, Grocyn, and Linacre for his tutors.*

All More himself says is that he had Linacre for his master

in Greek. Learning Greek was not the matter of courae

which it has since become. Greek was not as yet part of

the arts curriculum, and to learn it voluntarily was iU

looked ppon by the authorities. Those who did so were

suspected of an inclination towards novel and dangerous

modes of thinking, then rife on the Continent and slowly

finding their way to England. More's father, who intended

his son to make a career in his own profession, took the

alarm; he removed him from the university without a

degree, and entered him at New Inn to commence at

once the study of the law. The young man had been

kept in a state of bumUiating dependence in money
matters, having had no allowance made him, and having

had to apply to his father even for a pair of new shoes

when the old were worn out. This system was pursued

by his parents not from niggardliness but on principle

;

and Thomas More in later years often spoke with appro-

bation of this severe discipline,~as having been a means of

keeping him from the vulgar dissipations in which his

fellow-students indulged. After completing a two-years'

course in New Inn, an Inn of Chancery, More was admitted

in February 1496 at Lincoln's Inn, an Inn of Court. "At
that time the Inns of Court and Chancery presented the

discipline of a well -constituted university, and, through

professors under the name of readers and exercises under

the name of mootings, law was systematically taught

"

(Campbell). In his professional studies More early dis-

tinguished himself, so that he was appointed reader-in-law

in Fumival's Inn ; but he would not relinquish the studies

which had attracted him in Oxford. We find him deli-

vering a lecture to audiences of "aU the chief learned of

the city of London." ' The subject he chose was a com-

promise between theology and the humanities, being St

Augustine's De Cimtaie. In this lecture More sought less

to expound the theology of his author than to set forth

the philosophical and historical contents of the treatise.

The lecture-room was a church, St Lawrence Jewry, placed

at his disposal by Grocyn, the rector.

Somewhere about this period of More's life two fhings

happened which gave in opposite directions the determin-

ing impulse to his future career. More's was one of those

highly susceptible natures which take more readily and

more eagerly than common minds the impress of that

which they encounter on their first contact with men.

Two principal forms of thought and feeling were at this

date in conflict,- rather unconscious than declared, on Eng-

lish soil. Under the denomination of the "old learning,"

the sentiment of the Middle Ages and the idea of church

authority was established and in full possession of the

religious houses, the universities, and the learned profes-

sions. The foe that was advancing in the opposite direc-

tion, though without the conscience of a hostile purpose,

was the new power of human reason animated with the

revived sentiment of classicism. In More's mind both

these hostile influences found a congenial home. Each
bad its turn of supremacy, and in his early years it seemed

as if the humanistic influence would gain the final victory.

About the age of twenty he was seized with a violent

access of devotional rapture. He took a disgust to the

world and its occupations, and experienced a longing to

give himself over to an ascetic life. He took a lodging

near the Charterhouse, and subjected himself to the disci-

pline of a Carthusian monk. He wore a sharp shirt of

hair next his skin, scourged himself every Friday and

Li/e ly B. R. » Li/c by B. R. ' Eoper, L'/c.

other fasting days, lay upon . the bare ground with a log

under his head, and allowed nimself butrfour or five hours'

sleep. This access of the ascetic malady lasted but a short

time, and More recovered to all outward appearance" his

balance of mind. But ho never entirely emancipated

himself from the sentiment of devotion, though in later

life it exhibited itself in a more rational form. Even
when he was chancellor he would take part in church

services, walking in their processions vsith a surplice.

This, however, was at a later time. For the moment the

balance of his faculties seemed to be restored by a revival

of the antagonistic sentiment of humanism which he had
imbibed from the Oxford circle of friends, and specially

from Erasmus. The dates as regards More's early life

are imcertain, and we can only say that it is possible that

the acquaintance with Erasmus might have begun during
Erasmus's first visit to England in 1499. Tradition has

-Iramatized their first meeting into the story given by
Cresacre More,^—that the two happened to sit opposite

each other at the lord mayor's table, that they got into

an argument during difiner, and that, in mutual astonish-

ment at each other's -wit and readiness, Erasmus ex-

claimed, "Aut tu es Morus, aut nullus," and the other

replied, "Aut tu es Erasmus, aut diabolus ! " Reject-

ing this legend, which bears the stamp of fiction upon its

face, we have certain evidence of acquaintance between
the two men in a letter of Erasmus with the date "Oxford,
29th October 1499." If we mustadmit the correctness of

the date of Ep. 14 in the collection of Erasmus's ^pistolse,

we should have to assume that their acquaintance' had
begun as early as 1497. Tfen years More's senior, and
master of the accomplishments which More was ambitious
to acquire, Erasmus .could not fail to exercise a powerful
influence over the brilliant young Englishman. More's
ingenuous demeanour, q_uick intelligence, and winning
manners fascinated Erasmus from the first, and acquaint-

ance rapidly ripened into warm attachment. This contact

with the prince of lettere revived in More the spirit of the
" new learning," and he returned with ardour to the study
of Greek, which had been begun a£ Oxford. The humanistic
influence was sufiiciently strong to save him from wrecking
his life in monkish mortification, and even to keep him
for a time on the side of the party of progress. He ac-

quired no inconsiderable facility in the Greek language,
fTim which he made end published some translations.

His Latin style, though wanting the inimitable ease oi

Erasmus and often ofi"ending against idiom, is yet in

copiousness and propriety much above the -ordinary Latin

of the English scholars of his time.

More's attention to the new studies was always subor-

dinate to his resolution to rise in his profession, in whicli

he was stimulated by his father's example. As early as

1502 he was appointed under-sheriif of the city of London,
an ofiice then judicial, and of considerable dignity.' He
first attracted public attention by his conduct in the

parliament of 1504, by his daring opposition to the king's

demand for money. Henry VII. was entitled, according

to feudal laws, to a grant on occasion of his daughter's

marriage. But he came to the House of Commons for a

much larger sum than he intended to give with his daughter.

The members, unwilling as they were to vote the money,
were afraid to ofiend the king, tiU the silence was broken
by More, whose speech is said to have moved the House
to reduce the subsidy of three-fifteenths which the Govern-

ment had demanded to £30,000. One of the chamberlains

went and told his master that he had been thwarted by a

beardless boy. Henry never forgave the audacity; but,

for the moment, the only revenge he could take was xipon

Life, 93.
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More's tatder, whom upon some pretext he threw into the

Tower, and he only released him upon pajTnent of a fine

of £100. Thomas More even found it advisable to with-

draw from public life into obscurity. During this period

of retirement the old dilemma recurred. One while he
devoted himself to the sciences, "perfecting himself in

music, arithmetic, geometry, and astronomy, learning the

French tongue, and recreating his tired spirits on the viol,"i

or translating epigrams from the Greek anthology ; another

while resolving to take priest's orders.

i'rom dreams of clerical celibacy ho was roused by
making acquaintance with the family of John Colt of

Kew Hall, in Essex. The "honest and sweet conversation"

of the daughters attracted him, and though his inclination

led him to prefer the second ho maiTied the eldest, not

liking to put the affront upon her of passing her over in

favour of her younger sister. The death of the old king

in 1507 restored him to the practice of his profession, and
to that public career for which his abilities specially fitted

him. From this time there was scarce a cause of import-

ance in which he was not engaged. His professional in-

come amounted to £400 a year, equal to £4000 in present

money, and, "considering the relative profits of the law

and the value of money, probably indicated as high a
station as £10,000 at the present day" (Campbell). It

was not long before he attracted the attention of the young
king and of Wolsey. The Latin verses which he pre-

sented to Henry on the occasion of his coronation did not

deserve particular notice amid the crowd of congratulatory

odes. But the spirit with which he pleaded before the

Star Chamber in a dase of the Crown v. the Pope recom-

mended him to the royal favour, and marked him out for

employment. More obtained in this case judgment against

the crown. Henry, who was present in person at the trial,

had the good sense not to resent the defeat, but took the

counsel to whose advocacy it s'as due into his service. In

1514 More was made master of the requests, knighted, and
sworn a member of the privy council. He was repeatedly

employed on embassies to the Low Countries, and was for a
long time stationed at Calais as agent in the shifty nego-

tiations carried on by Wolsey with the coiurt of France.

In 1519 he was compelled to resign his post of imder-

sheriff to the city and his private practice at the bar.

In 1521 he was appointed treasurer of the exchequer, and
in the parliament of 1523 he was elected speaker. The
choice of this officer rested nominally with the House
itself, but in practice was always dictated by the court.

Sir Thomas More was pitched upon by the court on this

occasion in order that his popularity with the Commons
might be employed to carry the money grant for which
Wolsey asked. To the great disappointment of the court

More remained firm to the popular cause, and it was greatly

owing to his influence that its demands were resisted.

From this occurrence may be dated the jealousy which
the cardinal began to exhibit towards More. Wolsey
made an attempt to get him out of the way by sending

him as ambassador to Spain. More defeated the design

by a personal appeal to the king, aUeging that the climate

would be fatal to his health. Henry, who saw through

the artifice, and was already looking round for a more
popular successor to Wolsey, made the gracious answer

that he would employ More otherwise. In 1525 More
was appointed chancellor of the duchy of Lancaster, and
no pains were spared to attach him to the court. The
king frequently sent for him into his closet, and discoursed

with him on astronomy, geo netry, and points of divinity.

This growing favour, by which many men would have

been carried away, did not impose upon More. He dis-

^ Roper, Li/e.

T6—29

couraged the king's advances, showed reluctance to go to

the palace, and seemed constrained when there. Then
the king began to come himself to More's house at Chelsea,
and woidd dine with him without previous notice. Roper
mentions one of these visits, when the king after dinner
walked in the garden by the space of an hour, holding
his arm round More's neck. Roper afterwards congratu-
lated his father-in-law on the distinguished honour which
had been shown him. " I thank our Lord," was the reply,
" I find his grace my very good lord indeed ; and I believe

he doth as singularly favour me as any subject within this

realm. Howbeit, son Roper, I may tell thee I have no
cause to be proud thereof, for if my head would win him
a castle in France, it should not faU to go." As a last

resource More tried the expedient of silence, dissembling
his wit and afi'ecting to be dulL This had the desired

effect so far that he was less often sent for. But it did
not alter the royal policy, and in 1629, when a successor

had to be found for Wolsey, Jlore was raised to the

chancellorship. The selection was justified by ilore's high
reputation, but it was also significant of the modification

which the policy of the court was then undergoing. It

was a concession to the rising popular party, to which it

was supposed that More's politics inclined him. The
public favour with which his appointment had been
received was justified by his conduct as judge in the

Court of Chancery. Having heard causes in the forenoon

between eight and eleven, after dinner he sat again to

receive petitions. The meaner the suppliant was the

more affably he would speak to him, and the more speedily

he would despatch his case. In this respect he formed a

great contrast to his predecessor, whose arrears he soon
cleared off. One morning being told by the ofiicer that

there was not another cause before the court, he ordered

the fact to be entered on record, as it had never happened
before. He not only refused all gifts, such as had been
usual, himself, but took measures to prevent any of his

connexions from interfering with the course of justice.

One of his sons-in-law, Heron, having a suit in the chan-

ceUor's court, and refusing to agree to any reasonable

accommodation, because the judge "was the most affec-

tionate father to his children that ever was in the world,"

More thereupon made a decree against him.

Unfortunately for Sir Thomas More, a lord chancellor

is not merely a judge, but has high political functions to

perform. In raising More to that eminent position, -the

king had not merely considered his professional distinction

but had counted upon his avowed liberal and reforming

tendencies. In the Utopia, which, though written earlier,

More had allowed to be printed as late as 1516, he had
spoken against the vices of power and declared for indif-

ference of religious creed with a breadth of philosophical

view of which there is no other example in any English-

man of that age. At the same time, as he could not be

suspected of any sympathy with Lutheran or WickliSite

heretics, he might fairly be regarded as qualified to lead !

the party which aimed at reform in state and church
within the limits of Catholic orthodoxy. But in the king's

mind the public questions of reform were entirely sunk in

the personal one of the divorce. The divorce was a point

upon which Sir Thomas would not yield. And, as he saw
that the marriage with Anne Bolejm was determined upon,

he petitioned the king to be allowed to resign the great

seal, alleging failing health. With much reluctance, tire

royal permission was given and the resignation accepted,

10th May 1532, with many gracious expressions of good
will on the part of the king. The promise held out of

future bounty was never fulfilled, and More left office, as

he had entered it, a poor man. His, necessitous condition

was so notorious that the clergy in convocation voted him
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a present of £5000. This he peremptorily refused, either

for himself or for his family, declaring that he " had rather

see it all cast into the Thames." Yet the -whole of his

income after resigning office did not exceed £100 a year.

Hitherto he had maintained a large establishment, not

on the princely scale of Wokey, but in the patriarchal

fashion of having all his sons-in-law, with their families,

under his roof. When he resigred the chancellorship he

called his children and grandchildren together to explain

his reduced circumstances. " If we wish to live together,"

said he, " you must be content to be contributories together.

But my coimsel is that we fail not to the lowest fare first

:

we win not, therefore, descend to Oxford fare, nor to the

fare of New Lin, but we will begin with Lincoln's Inn

diet, where many right worshipful men of great account

and good years do live fuD well ; which if we find our-

selves the first year not able to maintain, then we ^vill in

the next year come down to Oxford fare, where many
great learned and ancient fathers and doctors are continu-

ally conversant ; which if our purses stretch not to main-

tain neither, then may we after, with bag and wallet, go

a-begging together, hoping that for pity some good folks

will give us their charity."

More was now able, as he writes to Erasmus, to return

to the life which had always been his ambition, when, free

from biisiness and public affairs, he might give himself up

to his favourite studies and to the practices of his devotion.

Of the Chelsea interior Erasmus has drawn a charming

picture, which may vie with Holbein's celebrated canvas,

The Household of Sir Thomas More.
" More has built, near London, upon the Thames, a modest yet

commodious mansion. There he lives surrounded by his numerous

family, including bis wi^e, bis son, and bis son's wife, bis three

daughters and tbeir husbands, with eleven grandchildren. There

is not any man living so affectionate to bis children as be, and be

loveth his old wife as if she were a girl of fifteen. Such is the

excellence of bis disposition tbat whatsoever bappenetb that could

not be helped, be is as cheerful and as well pleased as though the

best thing possible bad been done. In Mores bouse, you would

say that Plato's Academy was re^aved again, only, whereas in the

Academy the discussions tm'ued upon geometry and the power of

numbers, the bouse at Chelsea is a veritable school of Christian

religion. In it is none, man or woman, but readetb or studieth

the liberal arts,' yet is theur chief care of piety. There is never any

seen idle ; the head of the bouse governs it not by a lofty carriage

and oft rebukes, but by gentleness and amiable manners. Every

member is busy in his place, performing bis duty with alacrity ;

nor is sober mirth wanting." ^

But More was too conspicuous to be long allowed to

enjoy the happiness of a retired life. A special invitation

was sent him by the king to attend the coronation of

Anne Boleyn, accompanied with the gracious offer of £20 to

buy a new suit for the occasion ! More refused to attend,

and from that moment was marked out for vengeance.

A first attempt made ' to bring him within the meshes

of the law only recoiled with shame upon' the head of the

accusers. They were maladroit enough to attack him on

his least vulnerable side, summoning him before the privy

council to answer to a charge of receiving bribes in the

administration of justice. One ParneU was put forward

to complain of a decree pronounced against him in favour

of the contending party Vaughan, who he said hafl pre-

sented a gilt cup to the chancellor. More stated that he had

received a cup as a New Year's gift. Lord Wiltshire, the

queen's father, exultingly cried out, "So, did I not tell

you, my lords, that you would find this matter true?"

"But, my lords," continued More, "having pledged Mrs.

Vaughan in the wine where^^dth mybutler had filled the

cup, I restored the cup to her." Two other charges of a

like nature were refuted as ^triumphantly. But the very

futility of the accusations must have betrayed to More

• Ep. 426, aj>p.

the bitter determination of his enemies to compass his

destruction. Foiled in their first ill -directed attempt,

they were compelled to have recourse to that tremendous
engine of regal tyranny, the law of treason. A bill was
brought into parliament to attaint Elizabeth Barton, a
nun, who was said to have held tieasonablo language.

Barton turned out afterwards to have been an impostor,

but she had duped More, who now lived in a superstitious

atmosphere of convents and churches, and he had given

his countenance to her supernatural pretensions. His
name, with that of Fisher, was accordingly included in

the bill as an accomplice. 'When he came before the

council, it was at once apparent that the charge of treason

could not bo sustained, and the efforts of the court agents

were directed to draw from More some approbation of the

king's marriage. But to this neither cajolery nor threats

could move him. The preposterous charge was urged that

it was by his advice that the king had committed himself

in his book against Luther to an assertion of the pope's

authority, whereby the title of " Defender of the Faith " had
been gained, but In reality a sword put into the popa'a

hand to fight against him. More was able to reply that

he had warned the king that this very thing might happen,

that upon some breach of amity between the crown of

England and the pope Henry's too pronounced assertion

of the papal authority might be turned against himself,

"therefore it were best that place be amended, and his

authority more slenderly touched." "Nay," replied the

king, " that it shall not ; we are so much bound to the see

of Kome that we cannot do too much honour unto it.

\Miatsoever impediment be to the contrary, we will set

forth that authority to the utmost ; for we have received

from that see our crown imperial," " which," added More,
" till his grace with his ovsn mouth so told me, I nev.r

heard before." Anything more defiant and exasperating

than this coidd not well have been said. But it could not

be laid hold of, and the charge of treason being too

ridiculous to be proceeded with, Flore's name was struck

out of the bill. When his daughter brought him the

news, More calmly said, "I' faith, Meg, quod differtur,

non aufertur : that which is postponed is not dropt." At
another time, having asked hia daughter how the court

went, and how Queen Anne did, he received for answer,
" Never better; there is uothing'else but dancing and sport-

ing." To this More answered, " Alas, Meg, it pitieth me
to remember unto what misery, poor soul, she will shortly

come ; these dances of hers will prove such dances that

she will spurn our heads off like footballs ; but it will not be
long ere her head will dance the like dance."- So the speech

runs in the Life by More's great-grandson ; but in the only

trustworthy record, the life by his son-in-law Roper, More's

reply ends with the words, " she will shortly come." In this,

as in other instances, the later statement has the appear-

ance of having been an imaginative extension of the earlier.

In 1534 the Act of Supremacy was passed, and the

oath ordered to be tendered. More was sent for to

Lambeth, where he offered to swear to the succession, but

steadily refused the oath of supremacy as against his con-

science. Thereupon he was given in charge to the abbot

of Westminster, and, persisting in his refusal, was four

days afterwards committed to the Tower. After a close

and even cruel confinement (he was denied the use of pen

and ink) of more than a year, he was brought to trial before

a special commission and a packed jury. Even so More
would have been acquitted, whea at the last moment
Rich, the solicitor-general, quitted the bar and presented

himself as a witness for the crown. Being sworn, he

detailed a confidential conversation he had had with the

" Cresacre More, p. 231.
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prisoner in the Tower. He affirmed that, having himself

admitted in the course of this conversation " that there

were things which no parliament could do,

—

e.g., no parlia-

ment could make a law that God should not be God," Sir

Thomas had replied, "No more could the parliament make
the king supreme head of the church." By this act of perjury

a verdict of "guilty" was procuredfrom the jury. The execu-

tion of the sentence followed within the week, on 7 th July
1535. The head was fixed upon London Bridge. The ven-

geance of Henry was not satisfied by this judicial murder
of his friend and servant ; he enforced the confiscation of

what small property More had left, expelled Lady More
from the house at Chelsea, and even set aside assignments

which had been legaUy executed by ^More, who foresaw

what would happen before the commission of the alleged

treason. More's property was settled on Princess Elizabeth,

afterwards queen, who kept possession of it till her death.

At his death Sir Thomas More was in the fifty-eighth

year of his age. He was twice married, but had children

only by his first wife. His eldest daughter Margaxet,

married to William Roper, is one of the foremost women
in the annals of the country for her virtues, high intelli-

gence, and various accomplishments. She read Latin and
Greek, was a proficient in music, and in the sciences, so

far as they were then accessible. Her devotion to her

father is historical ; she gave him not only the tender

affection of a daughter but the high-minded sympathy of

a soul great as his own.

It is unfortunate for More's reputatioii that he has been adopted
as a champion of a party and a cause which is arrayed in hostility

to the liberties and constitution of his country. Apart from the
partisan use whicb is made of his name, we must rank him among
the noblest minds of England, as one who became the victim of a
tyrant whose policy he disapproved and whose servile instruments
he despised. If his language towards the tyrant is often moio
servile than became a freeman, we must remember that such was
the court style of the period, and that we must not construe liter-

aUy phrases of compliment. It is, however, impossible to deny
that More's policy in later lifi? di^ not bear out the more liberal

convictions of his earlier years. His views and feelings contracted
under the combined influences of his professional practice and of
public emplojTnent. In the Utopia, published in 1516, he not only
denounced the ordinary vices ofpower, but evinced an enUghtenment
of sentiment which went far beyond the most statesmanlike ideas

to be found among his contemporaries, pronouncing not merely for

toleration but rising even to the philosophical conception of the
indifference of religious creed. It was to this superiority of view,

and not merely to the satire on the administration of Henry VII.,

that we must ascribe the popularity of the work in the 16th cen-

tury. For, as a romance, the Utopia has little interest either of

incident or of character. It does not, as has been said, anticipate

the economical doctrines of Adam Smith, and much of it is fanciful

without being either witty or ingenious. Mackintosh says of it

:

" It intimates a variety of doctrines, and exhibits a multiplicity

of projects, which the writer regards with almost every possible

degree of approbation and shade of assent, from the frontiers of

serious and entire beUef, through gradations of descending plausi-

bility, where the lowest are scarcely more than exercises of ingenuity,

and to which some wild paradoxes are appended, either as a vehicle,

or as an easy means, if necessary, of disavowing the serious inten-

tion of the whole of this Platonic fiction."

The Epistola ad Dorpium at a later date exhibits More em-
phatically on the side of the new learning. It contains a vindi-

cation of the study of Greek, and of the desirability of printing

the text of the Greek Testament,—views which at that date required

an enlightened understanding to enter into, and which were con-

demned by the party to which More afterwards attached himself.

At the most, he- can be doubtfully exculpated from the charge of

having tortured men and children for heresy. It is admitted by
himseU that he inflicted punishment for religious opinion. Erasmus
only ventures to say in his friend's defence "that while he was
chancellor no man was put to death for these pestilent opinions,

while so many suSered death in France and the Low Countries.

"

The Life ofSir Thomas More was written by his son-in-law Roper about the
end of Mary's reign. It was preserved in MS. during the reign of Elizabeth,
and handed about in copies, many of which were carelessly made. It was not
given to the press till 1(>26, with the date of Paris. Reprints were made by
Heame (1716), by Lews (1729, 1731), and by Singer (1S17, 1S22). Roper's life is

the source of all the many subsequent biographies. More's Life in MS. (Harleian
C253), anonymous, but by Nicolas Harpsljcld, was also written in Mary's reign.
All that is material in this MS. is taken from Roper. Another anonjinous Life.

written in 1599, printed in "Wordsworth's Ecclesiastical Biorjraphy, ii. 43-185, is

chiefly compiled from Roper and Ilaritsftcld. The preface is signed B. R.
St^pleton {Tres Thcmsc^ s. res geUa 6'. TliOnee^ lyoiloli, S. Thomm archi£piscopi

CaiUttarieniiSt Thom/v Mori, Douay, 1583, Cologne, 1612, and the Vila Thoma
Mori (separately), Gratz, 1089) translates Roper, inter^vcaving what material he
could find scattered tlirough More's works and letters and the notices of him
in the ^vritings of his contemporaries. Crcsacre More, great-grandson of Sir
Thomas, compiled a new life about the yeai 1C27. It was printed without date,
but, according to the editor. Hunter, in 16al. The title of this edition. i%~The
Life of Sir Thos. More, Lord High Chanceltoitr ofl'.v.glantj, 4to, s. 1. eta., and with
new title-page, 1642, 1726, 1823. This life is cited by the subsequent biographers
as an independent authority. But it is almost entirely borrowed from Roper
and Staplcton. The additions made have sometimes the apj>earance of rhetorical
amplifications of Roper's simple statements. At otiier times they are decor-
ative miracles. The whole is couched in tliat strain of devotional exaggeration
in whicli the lives of the safnts are Uiiually composed. The authorseems to
imply that he had received superratural communications from the spirit of liia

ancestor. Already, only eighty years after More's execution, hagiograpiiy had
taken possession of the facts, and was transmuting them into an edifying legend.
Cresacre More's Life cannot be alleged as evidence lor any facts whidi are not
otherwise vouched. It has been remarked by Hunter that More's life and works
have been all along manipulated for political purposes, a£d in the interest of
the holy see. In Mary's reign, and in tlic tide of C.-.tliolic reaction. Roper and
Harpsfield Avrote lives of him ; Ellis Heywood dedicated his H Moro to (Jardmal
Pole, and Tottell reprinted the folio of his English works. Staplcton prepared
his Trcs Thonse in 1588, when the recorcrj of England to the see of Rome was
looked for by the Spanish invasion. In 1599, when there was a prospect of a
disputed succession, the anonymous Life by B. R. was composed : and soon after
Charles had allied himself witli a Catholic, the Life by Cresacre More issued from
the press. Hunter might have added that Stapleton was being reprinted at
Gratz at the time when the conversion of England was expected from James II.

The later lives of Sir Thomas More have been numerous, but the only one which
has any critical value is that by G. T. Rudhart Thomae Moms, aus den Quellev.
bearbeitet, Nuremberg, 1829. Other lives are by J. Iloddesdon, London, 1652,
1662; byCayley, 2 vols., London, 1808; by Jlackintosh, Lardner's Cab. CydofK,
London, 1831, 1S44 ; and in More's iVorks^ London, 1845 . by Lord Campbell in
Lives of the Chanceltors, vol. i., 1843-50; by D. Nisard in Reitaissanee et lieforme

;

by Baumstark, Freiburg. 1879. A biographical study on More's Latin poems
is Philomorus by J. H. Marsden, 2d ed., London, 1S7S.

More's writings are numerous, and a complete bibliography of them wonld
occupy several columns. His English Worls were collected and published in
One vol. folio by Kastall, London, 1530, and reprinted by Tottell, London, 1557.
His Intin lyorJcs were also separately collected in one vol., Basel, 1563 ; Louvain,
1566 ; and, most complete, Frankfort and Leipsic, 1689. The Utopia has had
numerous editions, the first is Louv., 1516. "There ate two English translations
of the Utopia, by R. Robynson, London, 1651, 1556, 1624, and by Gilb. liumet,
1688. The Latin poems, Progymnasmata, appeared in 1518, 1520, 1563. This
last edition contains the Utopia and other prose Latin pieces. (M. P.)

MOREAU, HEGisippE, a minor lyric poet of disputed
but considerable talent, was born at Paris on the 9th April

1810, and died in the hospital of La Charit6 on the 10th
December 1838. In his early youth his parents, who were
very ill-ofi", migrated to Provins, where the mother went
into service and the father took the post of usher in a
public school. Both died in the same refuge for the desti-

tute which afterwards received their son. Hegesippe was
fairly educated and was apprenticed to a printer, but he
preferred the work (in France usually paid most miserably)

of " maitre d'^tudes " in a school. Ho went to Paris before

1830, and appears to have pra^t'sed both his occupations

there, though for the most part he either adopted by choice

or was driven by ill-fortune to adopt the singular life of

alternate hardship and cheap dissipation which is dignified

in France by the name of Bohemianism. In Moreau's case

there is no doubt that the hardships exceeded the dissipa-

tion. He was habituall)' Luuseless, and is said to have
exposed himself to the dangers of a cholera hospital in

the great epidemic of 1 832 simply to obtain shelter and
food. Then he revifited Provins and published a kind of

satirical serial called Diogcne. Some years of this life

entirely ruined his health, and it "was only just before hL=

death that he succeeded in getting his collected, poems
published, selling the copyright for £4 sterling and eighty

copies of the book. It was received not unfavourably,

but, as has happened in other cases, the author's death,

which happened soon in the circumstances mentioned, was
required to excite an interest which was proportionately

excessive. Moreau's work, like that of many other young
poets, has a strong note of imitation, his model being

especially B^ranger ; and his chanvcter, both moral and
literary, is not improved by obvious afTeotation in political,

religious, and social matters. But some of his poems, such

as La Voulzie and the charming La Fermiere, have great

sweetness, and he had a faculty of writing both in prose

and poetry which seems to show that \rith better fortune,

or, to speak honestly, with more intelligence and more per-

severance he might easily have saved himself from the

miserable destitution which was his lot.
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MOREAU, Jeaw victok ^^i753-1813), the greatest

general of the French republic after Napoleon and Hoche,

was born at Morlaj-X in Brittany in 1763. His father

was an " avocat " in good practice, and instead of allowing

him to enter the army, as he wished, insisted on his

studjnng law at the university of Rennes. Young Moreau

showed 110 inclination for law, but revelled in the freedom

of a student's life. Instead of taking his degree he con-

tinued to live with the students as their hero and leader. In

that capacity he became a person of political importance,

and in the troubles of 1787 formed the law students into

a sort of army, which he commanded as their provost. In*

1789 he became yet more important, and commanded the

students in the daily aflfrays which took place at Rennes

between the young noblesse, who protested against the mode

of election to the states-general, and the populace. Though

he had hardly weight enough to be chosen a deputy, he

was elected one of the committee of correspondence with

the deputies at Paris. He was thus able to foUow the

course of events in the early days of the Revolution, and

was early impressed with the conviction that no compromise

with t>e court was possible, and a republic the only re-

source, These opinions estranged him from his father,

who belonged to the porty of Breton independence and

preferred Brittany to France. At last, in 1792, at the

call for volunteers he organized a battalion, and was at

once elected its commandant. With it he served under

Dumovu-iez, and in 1793 the good order of his battaUon,

and his own martial character and republican principles

secured his promotion as general of brigade. Camot, who

had an eye for the true qualities of a general, promoted

him to be general of division in 1794, and gave him com-

mand of the right wing of the army which, under Pichegru,

was destined to drive the English and Austrians out of Flan-

ders by separating the Austrians from the English. Thiswing

was then to cover the occupation of Holland by the main

army under Pichegru. These operations established his

military fame, and in 1795 he was given the command of the

army of the Rhine and the Moselle, -vvith which he crossed

the Rhine and advanced into Germany. He was at first

completely successful, and won several victories, but at last

had to execute before the archduke Charles a retreat which

only increased his fame, as he managed to bring back with

him more than 5000 prisoners. In 1797 he again crossed

the Rhine, but his operations were checked by the con-

clusion of the preliminaries of Leoben between Bonaparte

and the Austrians. It was at this time he found out the

traitorous correspondence between his old comrade and

commander Pichegru and the prince de Conde, which he

foolishly concealed, and naturally has ever since been sus-

pected of at least partial complicity. After Fructidor the

Directory ceased to employ his service, until the absence of

Bonaparte and the advance of Suwaroff made it necessary

to have some great general in Italy. Yet it was only as

chief of the staff that he served under Scherer and Joubert,

and led back the French army after the latter's death at

Novi. When Bonaparte returned from Egypt he found

Moreau at Paris, greatly dissatisfied with the Directory both

as a general and as a republican, and obtained his assistance

in the coup d'etat of Brumaire, when Moreau commanded

the force which occupied the Luxembourg. In reward,

the first consul again gave him command of the army of the

Rhine, with which he fought his last great campaign, that

of Hohenlinden, when his success was due rather to the

splendid military qualities of his generals and their troops,

and his own tactical genius, than to any inspiration of

victory. On his return to Paris he married Mdlle. HuUot,

an ambitious woman, who gained a complete ascendency

over him, and with the enormous fortune acquired during

his campaigns he piirchased a luxurious hotel in Paris and

also Barras's country-seat of Grosbois. His wife exercised an

evil influence over him, and collected around her all whowere
discontented with the aggrandizement of Napoleon. This

"club Moreau" frightened Napoleon, and encouraged the

royalLsts ; but Moreau, though not unwilling to become a

military dictator to restore the republic, would not intrigue

for the restoration of Louis XVIII. All this was well

known to Napoleon, who seized the conspirators. Moreau i

he treated with real leniency, and permitted to retire first 1
to SpaiB, and then to America. Here the general lived

in great content for seven years, when his wife, who could

not allow him to rest, made him enter into negotiations

with Bernadotte, his old comrade, who was now crown-

prince of Sweden. At his suggestion Moreau entered the

service of the czar Alexander ; and with Bernadotte

he planned the campaign of 1813. Fortunately for his

fame as a patriot he did not live to invade France, but

was mortally wounded while talking to the czar at the

battle of Dresden on 27th August 1813, and died on 2d

September. His wife received a pension from the czar,

and was given the rank of mar6chale by Louis XVIII.
Moreau's fame as a general stands very high, and from his mar-

vellous coolness in conducting retreats he has been called the general

of retreats. His combinations were spl . ndid, and his temper always

unruffled when most closely pressed ; out he lacked the sudden spirit

of seizing a victory which distinguished Napoleon in his early cam- ,
paigns. Moreau was a sincere republican, tliough his own father was
guillotined in the Terror ; and the army of the Rhine was the hot-

"

bed of republicanism, as that of Italy was the great support of a

military tyranny. As a man, he was little given to personal ambi-

tion till his marriage, and would probably not only have served

Napoleon well but moderated his tendency to absolutism by his

very existence, had not his wife ruined any such hope by involving

him in intrigues. He was fortunate in the moment of his death,

though he would have been more so had he died in America. He
seems by his final words, " Soyez tranquilles, messieurs ; c'est mon
sort," not to have regretted being removed from his equivocal

position as a general In arms against his country.
The literature on Moreau js copious, the best took being C. Jochmus, General

Moreau—Ahriss einer Geschichte neines Lebens iind seiner Feldziige, Berlin, 1814.

A more ordinary work is A. de Beauchamp, Vie polilique, militaire, et privf'! du
GhUral Moreau, translated by Pbilippart, London, 1S14 ; and there is a curious

tract on his death in Russian, translated into English under the title Some J>e-

tails cOiicerning General MoreLV tnd his Last Moments, by Paul Svinin, Loudon,
1814. (H. M. 3.)

MOREL or Moechella. See Mushroom.
MORELIA, formerly Valladolld, a city of Jlexico,

capital of the state of Michoacan de Ocampo, is situated

125 miles west by north of Mexico, at a height of 6400 feet

above the sea, in 19" 42' N. lat. and 101° W. long. The

site is a rocky hill on the Guayangareo valley, and the

western horizon is bounded by the great Quinceo mountain

(1 1,000 feet). Since the middle of the centurya considerable

extension of the city has taken place, especially towards

the north : its streets, which run for the most part at right

angles to each other, had increased from thirty in 1856 to

ninety-nine in 1873. The principal square is the Plaza

de los Martires (formerly de Armas), where Matamoros

Was shot by the Spaniards in 1814 ; its one side is occupied

by the cathedral (1745), a large building with two towers

about 200 feet high. The churches of the Carmelites (del

Carmen) and San Jos6 are of some note, and of the nine

convents, now for the most part in ruins, several were

wealthy and extensive. That of the Capuchins is now
used as a hospital, the old seminary has been turned into

a state-house, and the tobacco factory, one of the most

ancient buildings in the city, serves as municipal offices.

An important institution, supported by the state, is the

college of Saz! Nicolas de Hidalgo, originally founded by

Juan de San Miguel in the 1 6th century and rebuilt in

1868. The Ocampo theatre dates from 1869-1870. Water

is brought from a distance of about 3 miles by a fine

aqueduct, constructed in 1788 by D. Antonio de San

Miguel, but the quality is often deteriorated by the pre-

sence of vegetable matter. Morelia lies too far from any

great natural route to have much commerce in the present
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state of the country, and its manufactures are limited to

the production, on a small scale, of cotton, wooUen, and silk

goods. A certain delicate sweetmeat called guayahait is

a regiilar article of commerce to Mexico. In 1750 the city

bad about 18,000 inhabitants, in 1873 the municipality

had 30,940 and the city proper about 30,000, and in

ISSO the number is stated at 20,400.

In 1541 Jlendoza dioso tho Guayangareo valley as the new site
for the city of Michoacan, and in 1545 the place received the name
of Valladolid. Iturliide and Morelos were both born within its

precincts ; and in 1828 the Government did this latter patriot the
honour of renaming the city Jlorelia. In 1863 it was made the seat
ofan archbishop. tieeBol.Soc. dcgcogr. dela Hep. Ma:., ilex., 1S73.

M0RELLET,Axdr6 (1727-1819), economist and miscel-

laneous writer, was born at Lyons on the 7th of March 1727.
He was long regarded as almost the last survivor of the
Philosophe school ; and in this character he figures in many
memoirs,—for instance in Madame de Remusat's. He was
educated by the Jesuits in his native to^\-n, thei^ at a
seminai-y in Paris, and finally at the Sorbonne; and he
took holy orders, but his designation of abbe was the c'^ief

thing clerical about him. H« early joined the Philosophe
party, and was a frequenter of most of their salons, being
something of a butt (especially to his felIow-abb6 and rival

in political economy, Galiani), but having the credit of a
ready and biting pen. Voltaire called him "L'Abb<5
Mord-les." His work was chiefly occasional, and the most
notable parts of it were a smart pamphlet in answer to

PaUssot's scurrilous play Les PhUosophes (which procured
him a short sojourn in the BastUle foran alleged libel on
Palissot's patroness, the princesse de Robeck), and a reply
to GSaJiani's Commerce des Bles (1770). Later, he made
himself useful in quasi-diplomatic communications with
English statesmen, and was pensioned, being, moreover,
elected a member of the Academy in 1785. The outbreak
of the Revolution (soon after which he was engaged in a con-
troversy with Chamfort on the question of the advantages
and deserts of the Acadeihy) did not, as it did with many
of his friends, drive him from the country or put his life

in danger, but it put him in considerable straits of fortune.

He maintained a kind of moderate liberal tone, and the
return of something like order under the Consulate and
the Empire restored him to prosperity and pensions. A
year before his death, at the great age of ninety-two, on the

12th of January 1819 at Paris, he brought out a series of

Melanges, composed chiefly of selections from his former
publications ; and after his death appeared his memoirs,
which are of value for the Philosophe period. Morellet,

though not a man of extraordinary ability or of specially

amiable or estimable character, was in both respects a fair

specimen of the man of letters of all work of the time.

He was, in fact, a journalist with a special turn for econo-

mical subjects.

MORERI, LoDis. See Encyclopaedia, vol. viii. p. 194.

MORETO, Agustin (1618-1669), Spanish dramatist

and playwright, was born at Madrid in 1618. Of his

personal and even of his literary history little is known.
He studied at Alcala between 1634 and 1639, and after-

wards removed to Toledo, where he entered the household

of tho cardinal -archbishop and took holy orders. Ulti-

mately he withdrew altogether from the world, and died a
member of an ascetic religious brotherhood in 1669.
Moreto in his younger years was a prolific writer for the stage,

and almost rivalled Calderon in popularity. Three volumes of his

plays were printed between 1654 and 1681, and many dramas
besides are attributed in whole or in part to him. He employed
all the dramatic forms then In vogue. Of his religious plays, Los
mas Dichosos Hemumos (The Most Fortunate Brothers), embody-
ing the legend of the seven sleepers, may be mentioned as the least

bombastic and absurd. Others are El Eosario Perseguido, turning

on the persecutions connected with the introiluction of the rcsaiy

into Spain, and Maria Ei/ypcxaca, a curious rejiresentation of tb-^

vriordinary legend of St Mary of Egypt. His heroic drama, El

ValiaUe Jiisiiciero (The Brave Justiciary), a story of the times of
Pedro the Cruel, is one of considerable power. His "comedias
de 6guron," or "character comedies," as they are called (compare
vol. vii. p. 422), include El Lindo Don Diego (The Handsome
Don Diego) and El Desdcn con el Dcsdcn (Disdain met with
Disdain), the latter partly borrowed from Lope de Vega's Milagros
del Desprecio, and in turn imitated by Moliire (in nis Princesse
d'£lide), by Carlo Gozzi (Principes-ia Filosofa), and by Schreyvogel
{Donna Diana). The Comedias Escogidas de Don Aguslin Moreto

y Cabana form the 39th volume of the Biblioteca de Auiores Espa-
fwles (Madrid, 1856).

MORETTO, II ("The Blackamoor," a term which has
not been particularly accounted for), is the name currently

bestowed upon Alessandro Bonvicino ( 1 498-c. 1 560), acele-

brated painter of Brescia, Venetian school. He was born
at Rovato in the Brescian territory in 1498, and studied

first under Fioravante Ferraraola of Brescia, afterwards,

still youthful, v""th Titian in Venice. His own earlier

method, specially distinguished by excellent portrait-paint-

ing, was naturally modelled on that of Titian. Afterwards
he conceived a great enthusiasm for Raphael (though he
does not appear to have ever gone to Rome), and his style

became partially Raphaelesque. It was, however, novel in

its combination of diverse elements, and highly attractive,

—

Avith fine pencilling, a rich yet not lavish use of perspective

and decorative effects, and an elegant opposition of light

and shade. The human figure is somewhat slender in

Bonvicino's paintings, the expression earnestly religious,

the flesh-tints varied, more so than weis common in the

Venetian school. The backgrounds are generally luminous,
and the draperies well modified in red and yellow tints

with little intermixture of blue. The depth of Bonvicino's

talent, however, was hardly in proportion to its vigour

and vivacity ; and he excelled more in sedate altar-pieces

than in subjects of action, and more in oil-painting than
in fresco, although some fine series of his frescos remain,

especially that in the villa Martinengo at Novaxino, near
Brescia. Among his celebrated works in the city are—in

the chiu'ch of S. Clemente, the Five Virgin MartjTS, and
the Assumption of the Madoima (this latter may coimt as

his masterpiece) ; in S. Nazaro e Celso, the Coronation of

the Madonna ; in S. Maria delle Grazie, St Joseph ; in S.

Maria de' Miracoli, St Nicholas of Bari. In the Vienna
GaUery is a St Just-na (once ascribed to Pordenone) ; in

the Stadel Institute, Frankfort, the Madonna enthroned
between Sts Anthony and Sebastian ; in the Berlin Museum,
a colossal Adoration of the Shepherds, and a large votive

picture (one of the master's best) of the Madonna and
Child, with infant angels and other figures above the

clouds, and below, amid a rich landscape, two priests ; in

the London National Gallery, St Bernardin and other

saints, and two impressive portraits. II Moretto is stated

to have been a man of childlike personal piety, preparing

himself by prayer and fasting for any great act of sacred

art, such as the painting of the Virgin-mother. His dated

works extend from 1524 to 1554, and he was the master of

the pre-eminent portrait-painter MoronL His death took

place towards 1560.

MORGAGNI, Giovanni Battista (1682-1771), the

founder of pathological anatomy, was born 25th February
1682 at Forli, an ancient and important town on the

jEmilian road southwards from Bologna.' His parents

were in comfortable circumstances, but not of the nobility;

it appears from his letters to Lancisi that Morgagni waa
ambitious of gaining admission into that rank, and it may
be inferred that he succeeded from the fact that he is

described on a memorial tablet at Padua as "nobilis

Forolensis." At school he was conspicuous for his talents,

and he was especially noted for his readiness in classical

epigram. At the age of sixteen he went to Bologna to

' A. smtue of the illustrious citizen waa erected at Forli in 1875, and

the town library preserves fourteen MS. volumes of his writings.
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study philosophy and medicine, and he graduated with

•much *clat as doctor in both faculties three years later

([701). He acted as prosector to Valsalva (one of the

distinguished pupils of JIalpighi), who held the office of

"demonstrator anatomicus " in the Bologna school, ile

a.-s;.sted Valsalva more particularly in preparing his cele-

brr.ted work on the Anatomrj and Diseases of the Ear, which

came out in 1704. Many years after (1740), Morgagni

edited a cnl'.ectcd edition of Valsalva's writings, with im-

portant additions to the treatise on the' ear, and with a

n-.cmoir of t!ie author. AVhen Valsalva was transferred

to Parma Jlon'p.gni succeeded to his anatomical demon

Etratorship. At this period he enjoyed a high repute

ia JBologna , he was made president of the Academia

inquietorum when m his twenty -fourth year, and he

ia said to liave signalized his tenure of the presiden-

tial cliair by discouraging abstract speculations, and by

sotting the fashion towards exact anatomical observa-

tion and Tcasoaing. He published the substance of his

communications to the Academy in 1706 under the title

of Adversaria Analomica, the first of a series by which

ho became favourably known throughout Europe as an

aucurate anatomist , the book included " Observations

on the Larynx, theXachrymal Apparatus, and the Pslvic

Organs in the Female." After a time he gave up his

post at Bologna, and occupied himself for the next two

or three years at Padua and Venice with anatomical

studies (of fishes at the latter city), as well as with

chemistry and pharmacy, and with reading in the libraries.

He then settled in practice in his native town, and soon

attracted a large.amount of business; there was hardly a

case of much difficulty about which he was not consulted

even by the older physicians, " adeo erat in observando

attentus, in praedicendo cautus, in curando felix." Such

at least is the contemporary eulogy. After less than three

years of this career, which he found fatiguing, he sought

an opportunity of returning to more academical work.

At Padua he had a friend in the elder Gugliehnini, pro-

fessor of medicine, but better known as a writer on physics

and madieniatics, whose works he afterwards edited (1719)

with a biography. Guglielmini desired to see him settled

as a teacher at Padua, and the unexpected death of

Guglielmini himself made the project feasible, Vallisnieri

being transferred to the vacant chair and Morgagni suc-

ceeding to the chair of theoretical medicine. He came to

Padua in the spring of 1712, bemg then in his thirty-first

year, and he taught medicine there with the most brilliant

success until his death sixty years later (6th December

1771). When he had been three years in Padua an oppor-

tunity occurred for his promotion (by the Venetian senate)

to the chair of anatomy, in which he became the successor

of an illustrious line of scholars, including Vesalius,

Fallopius, Fabricius, Gasserius, and Spigelius, and in which

he enjoyed a stipend that was increased from time to time

by vote of the senate untU it reached twelve hundred gold

ducats. Shortly after coming to Padua he married a lady

of Forli, of noble parentage, who bore him three sons and

tvrelve daughters ; of the daughters, four died in infancy,

and the other eight took the veil as they grew up ; of the

sons, one died in boyhood, one entered the Jesuit order,

and the eldest settled at Forli, where he married and lived

to the age of fifty-two, predeceasing his father by five years

and leaving a family to his care. Jforgagni enjoyed an

unequalled popularity among all classes. He was of tall

and dignified figure, with blonde hair and blue eyes, and

with a frank and happy expression ; his manners were

polished, and he was noted for the elegance of his Latin

style. He lived in harmony with his colleagues, who are

said not even to have envied him his unprecedentedly large

stipend ; his house and lecture-theatre were frequented

'-tanquam oflacma sapientiae" by students of all ages

attracted from all parts of Europe ; he enjoyed the friend-

ship and favour of distinguished Venetian senators and of

cardinals ; successive popes conferred honours upon him
;

and on two occasions when a hostile army occupied the

/Emilia his house was ordered to be treated with the same

marked distinction thai the great Emathian conqueror

showed to the house of Pindar. Before he had been long

in Padua the students of the German nation, of all the

faculties there, elected him their patron, and he advised

and assisted them in the purchase of a house to be a

German library and club for all time. No person of any

learning came to Padua without seeing and conversing

vrith Morgagni, and no one ever left him without admiring

equally his character and his teaching. One of his bio-

graphers and editors, the celebrated Tissot of Lausanne,

observes that he had met with several Englishmen re-

turning from Italy who told -with pleas-are and gratitude

" quam humaniter illos exceperat, et quantum ex illius

coUoquiis, doctis, variis, jucundis profecerant." He was

elected into the Imperial Caesareo-Leopoldina Academy in

1708 (originally located at Schweinfurth), and to a higher

grade in 1732, into the Royal Society in 1724, into the

Paris Academy of Sciences in 1731, the St Petersburg

Academy in 1735, and the Berlin Academy in HSi.
Among his more celebrated pupils were Scarpa (who died

in 1832, connecting the school of Morgagni with the

modern era), Cotunnius (Cotugno), and Caldani, the author

of the magnificent atias of anatomical plates published in

4 vols, at Venice in 1801-1814.

Meanwlille he published on a variety of subjects. In his earlier

years at Padua he brought out (1717-1719) five more series of the

Adversaria Anatomica oj which his reputation was first made
;

but for more than twenty years after the last of these his strictly

medical publications were few and casual (on gall-stones, varices of

the vena cava, cases of stone, and several memoranda on medico-legal

points drawn up at the request of the curia). Classical scholarship

in those years occupied his pen more than anatomical observations

;

and the reason of this appears to have been that he spent the

summer months in the country for the sake of his health, and occupied
his leisure with literary studies. His writings in this class include

letters to Lancisi on the manner of Cleopatra's death, commentaries
on Celsus and Sammonicus, notes on Prosper Alpinus, Varro,

Vegetius, Coluniella, and Vitruvius, and antiquarian researches

into the topography of the country round Ravenna and his own
birthplace (Forum Livii). His edition of the works of Valsalva,

published in 1740 (in 2 vols. 4to) with plates, occupied much of

his time, being enriched with a life and a commentary, and with
many additional observations of his own. It was not until 1761,
when he was in his eightieth year, that he brought out the great

work which, once for all, made pathological anatomy a science,

and diverted the course of medicine into new channels of exactness
or precision— the Dc Scdibua et Causis Morlorum per Anaiomem
indagatis. He died on 6th December 1771. During the preceding
ten years the De Sedibus, notwithstanding its bulk, was reprinted
several times (thrice in four yea^s^ in its original Latin, and was
translated into French (1765), English (1769, 3 vols. 4to), and
German (1771). Some account of this remarkable work remains
now to be given.

The only special treatise on pathological anatomy previous to that
of Morgagni was the work of Theophile Bonet of Neuchatel, S(pul-
chrclum she Anatomia praeiica ex cadaxeribus morbo dcnatis, first

published (Geneva, 2 vols, foliol in 1679, thi^ee years before llorgagni
was born ; it was republished at Geneva (3 vols, foliol in 1700, and
again at Leyden in 1709. Although the normal anatomy of the
body had been compreliensively, and in some parts exhaustively
written by Vesalius and Fallopius, it had not occurred to any one
to examine and describe systematically the anatomy of diseased
organs and parts. Harvey, a century after Vesalius, naively re-

'

marks that there is more to be learned from the dissection of one
person who had died of "onsumntion or other chronic malady than
from the bodies of ten persons who had been hanged. Glisson
indeed (1597-1677) shows, in a passage quoted by Bonet in the
preface to the Scmdchrctmn, that he was familiar with the idea,
at least, of systemarically comparing the state of the organs in a
series of cadavera. and of noting those conditions which invariably
accompanied a given set of symptoms. The work of Bonet wa^-
however, the first attempt at a system of morbid anatomy, ard^
although it dwelt mostly upon curiosities and monstrosities, it
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enjoyed much repute in its day ; Haller speaks of it as "an im-

mortal work, which may in itself serve for a pathological library.

"

llorgagni, in the preface to his own work, discusses the defects and

merits of the Sepulchretum, ; it was largely a compilation of other

men'scases, well and ill authenticated; itmasprolir, often inaccurate

and misleading from ignorance of the normal anatomy, and it was

wanting in what would now be called objective impartiality,—

a

quality which was introduced as decisively into morbid anatomy

by llorgagni as it had been introduced two centuries earlier into

normal numan anatomy by Vesalius. Morgagni has narrated the

circumstances under which the De Sedibus took origin. Having
finished his edition of Valsalva in 1740, he was taking a holiday in

the country, spending much of his time in the company of a young

friend who was curious in many branches 'of knowledge. The
conversation turned upon the Sepulchretum of Bonet, and it ^vas

suggested to Morgagni by his dilettante friend that he should put

on record his own observations. It was agreed that letters on the

anatomy of diseased organs and parts should be written for the

perusal of this favoured youth (whoso name does not transpire)

;

and they were continued from time to time until they numbered
seventy.- Those seventy letters constitute the De Sedibus el Causis

Morborum, which was given to the world as a systematic treatise

in 2 vols, folio, Verdce, 1761, twenty years after the task of epis-

tolary instruction was begun. The letters are arranged in five

books, treating of the morbid conditions of the body a capita ad
ealcem. The hve books are dedicated respectively to Trew, Brom-
field, Senac, Sohreiber, and Meckel, as ?epresenting the several

learned societies of which Morgagni was a foreign member. The
five books together contain, according to an enumeration by the

present writer, the records of some 640 dissections. Some of these

are given at great length, and with a precision of statement and ex-

haustiveness of detail hardly surpassed in the so-called "protocols"

of the German pathological institutes of the present time ; others,

again, are fragments brought in to elucidate some question that had

arisen. The symptoms during the course of the malady and other

antecedent circumstances are always prefixed with more or less ful-

ness, and discussed from the point of view of the conditions found

after death. Subjects in all ranks of life, including several cardinals,

figure in this remarkable gallery of the dead. Many of the cases

are taken from Morgagni's early experiences at Bologna, and from

the records of his teachers Valsalva and Albertini not elsewhere

published. Those six hundred or more cases are selected and
ari'anged with method and purpose, and they are often (and some-

what casually) made the occasion of a long excursus on general

pathology and therapeutics. The range of Morgagni's scholarship,

as evidenced by his references to early and contemporary literature,

strikes one with astonishment. It has been contended that he was
himself not free from prolixity, the bes'.'tting sin of the learned ; and
certainly the form and arrangement of his treatise are such as to

make it difficult to use in the present day, notwithstanding that it

is well indexed in the original edition, in that of Tissot (3 vols.

4to, Yverdon, 1779), and in more recent editions. It differs from
modern treatises in so far as the symptoms determine the order and
manner of presenting the anatomical facts. Although Morgagni was
the first to understand and to demonstrate the absolute necessity of

basing diagnosis, prognosis, and treatment on an exact and com-
prehensive knowledge of anatomical conditions, he made no attempt

(Uke that of the Vienna school sixty years later) to exalt pathological

anatomy into a science disconnected from clinical medicine and
remote from pracrieal needs. His orderliness of anatomical method
(implying his skUl with the scalpel), his precision, his exhaustive-

neas, and his freedom from bias are his essentially modem or

scientific qualities ; his scholarship and high consideration for

classical and foreign work, his sense of practical ends (or his common
sense), -and the breadth of his intellectual horizon prove him to

have lived before medical science had become largely technical or

mechanical. It is clear that Morgagni's immense personal influence

during , his lifetime did not alone make his book famous ; at a

distance of two hundred years from his birth, and more than one

hundred from his death, the opinion is unanimous that his treatise

was the commencement of the era of steady or cumulative progress

in pathology and in practical medicine. Symptoms from that time

oeascd to be made up into more or less conventional groups, each

of which was a disease ; on the other hand, they began to be viewed

as "the cry of the suffering organs," and it now became possible to

develop Sydenham's gi'and conception of a natural history of disease

in a catholic or scientific spirit. Laennec*s application of the stetho-

scope to detect the sounds given out in diseased states of the heart

and lungs, and Bright 's application of the test-tube and re-agents

to reach the structural and functional conditions of the kidney
through the state of the urine, were the direct results of Morgagni's

endeavour to lay bare the seats and causes of disease by anatomy
;

and those two means of diagnosis are the daily and hourly resource

of every modem practitioner. In more general terms, Morgagni's
work substituted localization for generalization and precision for

vagueness.

A biography of Horgagni by Mosca was pnblished at Naplfa t» IJS8. His I

life may also be read in Fabroni's Vitee illustr. Italor., and a convenient at>ridg-

ment of Fabroni's memoir will be found prefixed to Tissot's edition of the Vt
Sedibus, &c A collected edition of his works was published at Venice in fivfl

vols, folio in 1765. (C. C.)

MORGAN, Sydney Owenson, Lady (1777?-1859),

novelist and miscellaneous describer and critic, was one of

the most vivid and hotly-discussed literary personages of

her generation. She was the daughter of an Iiish actor,

but it was one of her whims to keep the year of her birth

a secret ; " once upon a time " on Christmas day was her

answer to inquiries. She began her literary career with a

precocious volume of poems. Her second venture, St Clair

(1804), a novel of ill-judged marriage, ill-starred love, and
impassioned nature-worship, in which the influence of

Goethe and Rousseau was apparent, at once attracted

attention. Another novel. The Novice of St Vominick

(1806), was also praised for its qualities of copious imagina-

tion and description, though the critics w'ere inclined to

nibble at the writer's grammar. But the book which

made her reputation and brought her name into warm con-

troversy was The Wild Irish Girl, also published in 1 806.

In this she appeared as the ardent champion of her native

country, a politician rather than a novelist, extolling the

beauty of Irish scenery, the richness of the natural wealth

of Ireland, the noble traditions of its early history, and
sketching types of the various classes with direct refer-

ence to the misgovernment to which she traced their evil

features. She followed this up with Patriotic Sketches and
MetricalFragments in 1807, fitting some Irish melodieswith

words (" Kate Kearney " among the number) in the same
year in which Moore began a similar task. Miss Owen-
son's politics and the favour shown her by the Whig
aristocracy probably prompted the savage attack made
upon her next novel, Ida, a Woman of Atlietu, in the first

number of the Quarterly (1809). From first to last her

style was open to the reproach of betng made up too much
of quotations, and her grammar was not always correct

;

but exuberant humour, keen wit, and fertility in the inven-

tionrof striking and romantic incidents carry any unbiassed

reader easily over all minor faults of composition. Her
great ambition was to draw vivid pictures of the mingled
" mirth and misery, ferocity and fun," of the Irish under

English rule, and she succeeded. Her novels suffer as

stories from this political purpose ; she drags in too many
character-sketches, and, though they are always drawn
with vivacity and sharp penetration, they are drawn vrith

too mack bias of romantic enthusiasm on the one side

and satirical spite on the other. In 1812 she was married

to Sir T. C. Morgan, but books still continued to flow

from her facile pen. In 1814 she produced her best

novel, O'Donnel, a decided advance on previous work.

She published an elaborate study of France under the

Bourbon restoration in 1817. This was attacked with

outrageous fury in the Quarterly, the authoress being

accused of Jacobinism, falsehood, licentiousness, and im-

piety. She took her revenge indirectly in the novel of

Florence Macarthy (1818), in which a Quarterly reviewer,

Con Crawley, is insulted with supreme feminine ingenuity.

Italy, a companion work to her France, was published in

1821 ; Lord Byron bears testimony to the justness of its

pictures of life. The results of Italian historical studies

were given in her Life and Times of Salvator Rosa (1824).

Then she turned again to Irish manners and politics with

a matter-of-fact book on Absenteeism (1825), and a highly

stirring and romantic novel. The O'Briens and the O'Fla-

hertys (1827). The Book of the Boudoir (1829) consisted

of miscellaneous reflexions and reminiscences. Under the

ministry of Lord Grey Lady Morgan obtained a pension of

£300. During the last thirty years of her long life ."he

broke no new ground, but to the last she was an entertauv

ing writer, ana sez^v some sprightly verses to the Athenseum
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in January 1859, a lew iveeks betorc her death, protesting

against being called old. Tlie titles of Ler books in this

period are :

—

France in 1829-30, Dramatic Scenesfrom Eeal

Life (1833), The Princess (1835), Woman and her Master

(18-10), The Book uithout a Name (18-11), Passages from

my Autobiography (1859). More of her autobiography

and many interesting letters were edited with a memoir by

Hepworth Dixon in 1862. He respected her prejudice

against disclosing her e.xact age.

MORGAXATIC MARRIAGE. See Maeeiage.

MORGHEN, Raffaello Sa.xzio (1758-1833), a distin-

guished engraver, was born at Naples on 19th June 1758.

He received his earliest instructions from his father, him-

self an engraver ; but, in order to be initiated more fully

in the art, he was afterwards placed as a pupil under the

celebrated Volpato. He assisted this master in engraving

the famous pictures of Raphael in the Vatican, and the

print which represents the miracle of Bolsena is inscribed

Avith his name. He married Volpato's daughter, and, being

invited to Florence to engrave the masterpieces of the

Florentine gallery, he removed thither with his wife in

1782. His reputation now became so great as to induce

the artists of Florence to recommend him to the grand-duke

as a fit person to engrave the Last Supper of Leonardo

da Vinci ; apart, however, from the dilapidated state of

the picture itself, the drawing made for Morghen was

unworthy of the original, and the print, in consequence,

although an admirable production, fails to convey a correct

idea of the style and merit of Leonardo. Morghen's fame,

however, soon extended over Europe ; and the Institute of

France, as a mark of their admiration of his talents, elected

him an associate in 1803. In 1812 Napoleon invited

him to Paris and paid him the most flattering attentions.

He died at Florence on 8th April 1833.

A list of the artist's works, published at Florence in 181U, com-
prised 200 compositious ; the number was afterwards considerably

lucr'iased. Amongst the most remarkable, besides those already

mentioned, may bo noticed the Transfiguration from Raphael, a

JIagdalen from JIurillo, a Head of the Saviour from Da Vinci, the

Car of Aurora from Guido, the Hours and the Repose in Egypt
from Ponssin, the Prize of Diana from Domeniehino, the Monument
of Clement XIII. from Canova, Theseus vanquishing the Minotaur,
Francesco Moncado after Vandyke, portraits of Dante, Petrarch,

Ariosto, Tasso, and a number of other eminent men. His prints

have hardly maintained the reputation which they enjoyed during
the artist's lifetime. Though carefully and delicately executed, they

are somewhat mechanical and wanting in force and spirit.

MORHOF, Daniel Geoeo (1639-1691), the learned

author of a survey of universal literature entitled Polyhistor

sive de auctorum notitia et rerum commentqrii, was born at

Wismar in 1639, studied law at Roslock, and was appointed

professor of poetry there in 1660. In 1665 he went to

the new university of Kiel as professor of eloquence and
poetry ; this chair he exchanged for that of history in 1673.

He died at Lubeck in 1691. Qf his numerous writings

only the Polyhistor continues to be of value to the literary

historian as a bibliographical work displaying judgment

as well as knowledge. The first seven books {Polyhistor

Literarius) appeared, in 1688-1698 ; the publication of the

two remaining parts (P. Philosophicus and P. Practicus)

was completed by Moller in 1707. The best edition is

that of A. Fabricius (2 vols. 4to, Leipsic, 1747).

MORIAH. In 2 Chron. iii. 1 we read that Solomon
built the Temple at Jerusalem on Mount Moriah (in

nj'l'lQn). This name for the Temple hill, the ancient Zion,

is not found elsewhere in the Old Testament, and can

hardly have been a current one. But a mountain in the
" land of Moriah " was the place where Abraham was com-

manded to sacrifice Isaac ; Josephus {Ant., i. 13, 2) assumes

that this Mojpioi' opos was the Temple hill, and the same
view is expressed in the Targums, where it is exegetically

based on the obscure verso. Gen. xxii. 1 4 (comp. Jerome,

Qnast. lleb. in Gen. xxii. 2). Probably this tradition

already existed in the time of the Chronicler, who apiiears

to connect the name etymologically with Jehovah's mani-

festation of himself, as is done in Gen. xxii. 14.'

Jerome repeatedly calls the Temple hill Mount Moriah, but the
curroucy wliicli the name has with modern writers is mainly due
to the erroneous ideiitification of Zion with the western hill beyond
the T>Topixon. In Christian tradition the place of Isaac's sacrifice

was iiientilied with Calvary (see Theodosius, De Situ Teme Sanctw),

and it is now shown in a chapel adjoining the church of tho Holy
Sepulchre.

MORIER, James (1780-1849), traveller and author, was
born in 1780. Through the influence of his uncle Admiral
William Waldegrave, Baron Radstock, he at an early period

entered the diplomatic service, and as secretary to Lord
Elgin followed the grand vizier in the Egyptian cam-

paign. An account of his Eastern experiences was pub-

lished in 1812, under the title A Journey through Persia,

Armenia, and Asia Minor to Constantinople in 1808-9. From
1810 to 1816 he was the Engbsh representative at th?

court of Persia, and after his return he published A Second

Journey through Persia to Constantinople between the years

1810 and 1816. His knowledge of Eastern life and man-
ners he also turned to account in the composition of several

entertaining romances, displaying some skill in the deline-

ation of Oriental scenery and character, and considerable

powers of wit and humour. The most popular of these

were:

—

The Adventures of Hajji Baba of Ispahan, 1824
;

The Adventures of Hajji Baba of Ispahan in England,
1828 ; Zohrab the Hostage, 1832 ; and Ayesha the Maid of
Ears, 1834. Morier died at Brighton, 23d March 1849.

^lORILLON, a name commonly given by fowlers- to

the female or immature male of the Golden-Eye (vol. x.

p. 757), the Clangula glaucion of modern ornithologj',

under the belief which still very generaUy obtains among
them, as it once did among naturalists, that they formed a
distinct species of Duck. The mistake no doubt originated

in, and is partly excused by, the facts that the birds called

Morillons were often of opposite sexes, and differed greatly

from the adult male Golden-Eye,whosefuU and beautiful plu-

mage is not assumed untU the second year. The word is used

in French in precisely the same form, but is in that language

applied to the Tufted Duck, Fuligula cristata, and is derived,

according to Littr6, from more, signifying black, (a. n.)

MORIN, Jean, or, in Latin, Joannes Morinus (1591-

1659), the most learned Catholic theologian of his time and
one of the founders of Biblical criticism, was born in 1591

at Blois of Protestant parents, acquired Latin and Greek at

Rochelle, and continued his studies at Leyden. Immersed
in Biblical and patristic lore, he began to waver in his

Protestantism, and moved to Paris, where he made many
friends in literary circles, particularly Cardinal Du Perron,

to whom his conversion to Catholicism is ascribed. In
1618 he joined the recently formed Parisian Oratory,

where he could give himself to quiet study, and in due
course took priest's orders. In 1625 he visited England
in the train of Henrietta Maria, and in 1640 he was at

Rome, on the invitation of Cardinal Barberini, and was
received with special favour by Pope Urban VIII., who
employed him on the commission for forwarding his pro-

ject of union with the Eastern Church. He was, however,

soon recalled to Paris by RicheUeu, and the rest of his life

was spent among books in incessant literary labour, his

health, memory, and intellectual vigour remaining unim-

paired even in old age. His pen sometimes brought him
into trouble. The Histoire de la delivrance de I'Fglise

Chretienne par I'emp. ConstarMn, et de la grandeur et

souverainete temporelle donnee a I'Fglise Romaine par les

rois de France (1630) gave great ofi"ence at Rome, and a

^ Tlie word Morialj, however, can hanlly rnme from HX"!, "see;" it

is perliaps akiu to Moreh, "revealer," "teaiher.

"
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Declaration (1654), directed against faults in the adminis-
tration of the Oratory and reflecting on the general (Father
Bourgoing), was strictly suppressed. So, too, his great work
on penance gave equal offence to the Jesuits and to Port-

Royal, and even after his death (1659) the polemical
vehemence of his Exercitationes Biblicse, and the exaggera-
tion of his assertion "apud neotericos Haereticos verba
Sqripturarum non esse Integra, non superficiem, non folia,

nedum sensum, medullam et radicem rationis" long led

Protestants to treat his valuable contributions to the history

of the Hebrew text as a mere utterance of Popish prejudice.
ilorinus was a yoluminous and prolix writer on ecclesiastical

antiquities. His principal works in this field are Commcntarius
historicus de disciplina in administratione sacramenti poenilcntim
XIII primis seculis in Eccl. Occid. et hucusque in Orient, obscrvata
(1651), and Comm. de sacris Ecdesisz ordinationibus secundum
antiques et recentiorcs Latinos, Grxcos, Syros et BoMjlonios (1655).
The second of these works expresses those irenical views on the
subject of ordination which recommended Morinus to Urban VIII.
Tha literary correspondence of Morinus appeared in 1682 under
the title oi Antiquilatcs Ecdesix Oricntalis (edited by R. Simon).
The chief fame of Morinus, however, now rests on his Biblical

and critical labours. By his cdilio princtps of the Samaritan Penta-
teuch and Targum, in the Paris Pglyglott, he gave the first impulse
in Europe to the study of this dialect, which he acquired without
a teacher (framing a grammar for himself) by the study of IISS.
then newly brought to Europe. Not unnaturally he formed a very
exaggerated view of the value of the Samaritan tradition of the text,

exalting it above the tradition of the Jews {Exercitationes in xdrum-
que Satnaritanorum Pcntatcuchum, 1631). A similar tone of ex-
aggerated depreciation of the Hebrew text, coloured, as has been
remarked above, by polemical bias against Protestantism, mars his
greatest work, the posthumous Exercitationes biblical de Hebrieici
UTWcique textus sinceritate (1660), in which, foUo^vLng in the foot-

steps of Cappellus, but with incomparably greater learning, he brings
irrefragable arguments against the then current theory of the
absolute integrity of the Hebrew text of the Old Testament, and
the antiquity of the vowel points. The second part of this work
is still valued as a copious storehouse of materials for the history

of the Hebrew text collected by the most self-denying labour

—

meis injraliis, as he said himself.

MORLAIX, the chief town of an airondissement in the

department of Finistfere, France, lies 350 miles west of

Paris on the railway from Paris to Brest, and at the con-

fluence of two small streams, 7 miles distant from the sea.

Its port has 13 feet of water at ordinary and 23 feet at

spring tides. The entrance of the roadstead is defended

by the Chateau du Taureau, which stands on a rock in the

sea, and was built in 15-12 to protect the town from the

English. Morlaix still contains a considerable number of

curiouswooden houses of the 15th, 16th, and 17th centuries;

but the most striking piece of architecture in the town is

the gigantic two-storied viaduct of the railway from Paris

to Brest, 934 feet long and 207 feet above the quays.

The old chiu-ch of the Dominicans is now occupied by the

town library. The hospital has beds for 500 patients,

and can accommodate 300 female lunatics besides. A
tobacco-factory, employing 400 men and 700 women, is

the principal industrial establishinent ; and there are also

extensive paper-mills, a considerable flax-mill, canvas-fac-

tories, foundries, and saw-miUs. A considerable trade is

carried on in grain, yarn, canvas, leather, tallow, wax, and
horses; and a large quantity of butter, cattle, and vegetables

is exported from Koscoff, a village in the neighbourhood,

which is also known for its sea-bathing and its zoological

station. The population of Morlaix was 15,183 in 1876.
Judging by the numerous coins found on the spot, the site of

Morlaix was probably occupied in the time of the Komans. The
counts of Leon held the hirdship in the 12th century, but the

dukes of Brittany disputed possession with them, and in 1187 Henry
II. of England, guardian of Arthur of Brittaay, made himself master
of the town after a siege of several weeks. During the War of the

Hundied Years Morlaix was again captured and recaptured by the

French and the English, and pillaged by the latter in 1522. Queen
Mary of Scotland, on her way to be married to the Dauphin, made
solemn entry into Morlaix in 1548. And finally, the town having
joined the League, the castle was taken by storm in the name of

Benry IV. in 1594.
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MOELAOT), George (1763-1804), animal and subjest
painter, was born in London on the 26th of June 1 763. He
came of a race of artists. His father, a painter, mezzotint-

engraver, and_picture-dealer, gave him a careful art-training,

and at a'n exceptionally early age he produced works of

wonderful promise. At sixteen he exhibited sketches at
the Royal Academy, and even before this his productions
found ready purchasers, and some of them had been
engraved. But already the taste for dissipation, which
was stronger in Morland than even his love for art, had
begun to manifest itself, and at seventeen he escaped from
the over-strict discipline of his father's house, and began
a career of reckless prodigality which has hardly a parallel

in art-biography, gathering round him an entourage of the
most abandoned associates, and supporting himself by the
sale of the pictures—rustic subjects and scenes from low
life—which he threw off with unexampled rapidity. About
1786 there appeared to be some prospect of amendment.
He went to reside at Kensal Green, came under the influ-

ence of better companions, and married a beautiful and
virtuous girl, a sister of James Ward the animal-painter
and William Ward the engraver. The subjects which
Morland painted during this period reflect the change in

his way of life. The Idle and Industrious Mechanic,
and Letitia or Seduction, moralities in the style of

Hogarth, were engraved and became exceedingly popular.

But soon the force of old habit asserted itself, the desire

for freedom and lawlessness returned to the artist with
redoubled violence, and he again drifted into a career of

riot and intemperance. The means of dissipation were
not wanting ; the dealers were eager for his productions

;

indeed, so greatly were they esteemed that skiUed copyists

were employed to make many transcripts from the pictures

on which he was at work, which were sold as originals to
an unsuspecting public. The finest of Morland's subjects

date from 1790 to 1792. In 1791 was painted the Inside

of a Stable, now in the National Q^llery, probably the

artist's masterpiece. In spite of his popularity and his

industry his affairs became inextricably embarrassed. For
a time he eluded the bailiffs with singular dexterity, but
in November 1799 he was arrested. Obtaining the Rules

of the Bench, he took a house within bounds, and con-

tinued to practise both his art and his debauchery. He
was released imder the Insolvent Act of 1802, but his

health was ruined and he was speedily stricken with palsy.

Partially recovering, he continued to paint, but before long

he was again arrested for debt, and died in a sponging-

house in Ejnre Street, Coldbath Fields, on the 29th of

October 1804. Hi a wife survived him only some three

days, and they were buried .in one grave.

TTie most characteristic works of Morland are those which deal

with rusrio and homely Efe. They show much direct and instinct-

ive feeling for nature, and admirable executive SKill, but they have
no elevation of subject, no great beauty of colour or truth of atmo-
sphere. They suffer from the haste in which the artist habitually

worked. Many of them have been admirably mezzotinted by J.

R. Smith and his pupils, William Ward and John Young. Par-

riculars of Morland's hfe will be found in the biographies by J.

Hassell (1804), G. Dawe (1807), and Blagton (1806), and in Memoirs

of a Pidure, by W. Collins, 1805.

MORMONS, or The Church of Jesus Christ of Latter-

Day Saints, are a religious sect founded by Joseph Smith
at Manchester, New York, in 1830, and for the last thirty-

six years settled in Salt Lake City, Territory of Utah,

United States. Smith was bom 23d December 1805 at

Sharon, Windsor county, Vermont, from which place ten

years later his parents, a poor, ignorant, thriftless, and

not too honest couple, removed to New York, where they

settled on a small farm near Palmyra, Wayne county

(then Ontario). Four years later, in 1809, they removed

to Manchester, some 6 miles off; and it was at the latter

place when fifteen years old that Joseph began to have
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his alleged visions, in one of which on the night of 21st

Sej)tembcr 1823 the anjel Moroni appeared to him three

times, and told him that the Bible of the Western Continent,

the supplement to the New Testament, was buried in a

certain spot near Manchester. Thither, four years later

and after due disciplinary probation. Smith went, and had
delivered into his charge by an angel of the Lord a stone

box, in which was a volume, G inches thick, made of thin gold

plates 8 inches by 7, and fastened together by three gold

rings. The plates were covered with small wTiting in the

"reformed Egyptian" tongue, and were accompanied by a

pair of supernatural spectacles, consisting of two crystals

set in a silver bow, and called " Urim and Thummim ;

"

by aid of these the mystic characters could be read.

Being himself unable to read or write fluently, Smith
employed as amanuensis one Oliver Cowdery, to whom,
from behind a curtain, he dictated a translation, which,

with the aid of a farmer, Martin Harris, who had more
money than wit, was printed and published in 1830 under
the title of The Book of Mormon, and accompanied by the

sworn statement of Oliver Cowdery, David AVhitmer, and
Martin Harris that an angel of God had shown them the

plates of which the book was a translation. This testi-

mony all three, on renouncing Mornionism some years

later, denounced as false ; but meanwhile it helped Smith
to impose on the credulous, particularly in the absence of

the gold plates themselves, which suddenly and mysteri-

ously disappeared. The Book of Mormon, in which Joseph
Smith was declared to be God's "prophet," with all power
and entitled to all obedience, professes to give the history

of America from its first settlement by a colony of refugees

from among the crowd dispersed by the confusion of tongues
at the Tower of Babel down to the year 5 a.d. These settlers

having in course of time destroyed one another, nothing
of importance occurred until 600 B.C., when Lehi, his wife,

and four sons, with ten friends, all from Jerusalem, landed
on the coast of Chili. All went well until the death of

Lehi, when the divine appointment to the leadership of

Nephi, the youngest son, roused the resentment of his

elder brothers, who were in consequence condemned to

have dark skins and to be an idle mischievous race,—hence
the North-American Indians. Between the Nephites and
the bad Hebrews a fierce war was maintained for centuries,

until finally, in spite of divine intervention in the person
of the crucified Christ, the Nephites fell away from the
true faith, and in 384 a.d. were nearly annihilated by
their dark-skinned foes in a battle at the hill of Cumorah,
in Ontario county, New York. Among the handful that
escaped were Mormon and his son Moroni, the former of

whom collected the sixteen books of records, kept by suc-

cessive kings and priests, into one volume, which on his

death was supplemented by his son with some personal
reminiscences and by him buried in the hill of Cumorah,

—

he being divinely assured that the book would one day be
discovered by God's chosen prophet. This is Smith's
account of the book ; but in reality it was written in 1812
as an historical romance -by one Solomon Spalding, a crack-

brained preacher ; and the MS. falling into the hands of an
unscrupulous compositor, Sidney Rigdon, was copied by him,
and subsequently given to Joseph Smith. Armed with
this book and witt> self-assumed divine authority, the latter

soon began to attract followers. On 6th April 1830 the
first conference of the new sect, called by their neighbours
Mormons, but by themselves subsequently Latter -Day
Saints of Jesus Clarist, was held at Fayette, Seneca county.
New York, and in the same year another revelation was
received by Smith, proclaiming him "seer, translator,

prophet, apostle of Jesus Christ, and elder of the church."
Smith now began to baptize ; but, his character, which
was none of the best, being too well knovm in Fayette, he I

found it convenient to remove with his followers, t.-"

thirty in number, to Kirtland, Ohio, which was to le
the seat of the New Jerusalem. Here he had anoihe.

revelation, directing the saints to consecrate all their pro-

perty to God and to start a bank. This being done and

Smith appointed president of the bank, the country was
soon flooded with worthless notes, which fact, added to

other grievances, so enraged the neighbouring Christian

settlers that on the night of 22d May 1832 a number of

them dragged Smith and Rigdon from their beds and
tarred and feathered them. One year later, the church

was fairly organized, with three presidents, Smith, Rigdon,

and Frederick G. Williams, who were styled the first

presidency, and entrusted with the keys of the last

kingdom. About this time the licentiousness of Smith
might have led to the dissolution of the church but for the

accession of Brigham Young, a Vermont painter and glazier,

thirty years old, who turned up in Kirtland in 1 832, and was
immediately ordained elder. Young's indomitable will, per-

suasive eloquence, executive ability, shrewdness, and zeal

soon made their influence felt, and, when a further step was
taken in 1835 towards the organization of a hierardiy by

the institution of the quorum of the " twelve apostles," who
were sent out as proselytizing missionaries among the " gen-

tiles," Young was ordained one of the " twelve " and de-

spatched to preach throughout the eastern State.s. In 1 836
a large temple was con.secrated in Kirtland, and in the follow-

ing year Orson Hyde and Heber C. Kimball were sent ofi' as

missionaries to England, where, among the labouring masses

in Manchester, Liverpool, Birmingham, Leeds, Glasgow,

and the mining districts of South Wales they achieved a

remarkable success. Early in 1838 the Kirtland bank
failed, and Smith and Rigdon fled to Caldwell county,

Missouri, where a large body of the saints, after having

been driven successively from Jackson and Clay counties,

had taken refuge and flourished. Smith's troxibles, how-

ever, continued to increase. His gross profligacy had
repelled many of his leading supporters and bred internal

dissensions, while from the outside the brethren were

harassed and threatened by the steadily growing hostility

of the native Missourians. To counteract the efforts of his

enemies, a secret society was organized in Smith's favour

in October 1838, called the Danitea, with the avowed
purpose of supporting Smith at all hazards, of upholding

the authority of his revelation and decrees as superior to

the laws of the land, and of helping him to get possession,

first of the State, then of the United States, and ultimately

of the world. To such a height did the inner dissensions

and the conflicts with the "gentiles" grow that they assumed
the proportions of a civil war, and necessitated the calling

out of the State militia. Defying the legal oflicers, Smith
fortified the town and armed the saints, but finally had to

succumb to superior numbers. Smith and Rigdon were
arrested and imprisoned on a charge of treason, murder,
and felony, and their followers to the number of 1 .5,000

crossed over into Illinois and settled near Commerce, Han-
cock county. Here they were shortly afterwards rejoined by
Smith, who succeeded in escaping from prison, and, having

obtained a charter, they founded the city of Nauvoo. Sucli

were the powers granted them by this charter as to render

the city practically independent of the State Government,
and to give Smith all but unlimited civil power. He
organized a military body called the Nauvoo legion, of

which he constituted himself commander with the title of

lieutenant-general, while he was also president of the

church and mayor of the city. On 6th April 1841 the

foundations of the new temple were laid, and the city

continued to grow rapidly in prosperity and size. But
Smith's vices were beginning to bear fruit. Some year-*

previously he had prevailed on several women to colial/it
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with him, and in order to pacify his lawful wife £ind silence

the objections of the saints he had a revelation on 12th

July 1843 e^piessly establishing and approving polygamy.

The proclaiUrttion of the new doctrine excited widespread

indigaation. which 'ound special expression in the pageo

of the Exi^'sUor, a newspaper published by an old friend

of Smith, one Dr Foster. Smith at once caused the Ex-

positor printing-cfiBce tj be ra^ed and Foster expelled, on

which the latter procured a warrant for the arrest of Smith,

his brother Hyrum, and sixteen others. Smith resisted

,

the militia was called out ; the Mormons armed themselves;

and a civil war seemed imminent, when the governot of

the State persuaded Smith to surrender and stand his trial

Accordingly, on 27th June 18i4 he and Hyrum were

imprisoned in Carthage jaU ; but that same night a mob
broke into the prison and shot the two men dead. This

shooting was the most fortunate thing that had ever

happened to the Mormon cause, investing the murdered

president with the halo of martyrdom, and eflaeing public

recollection of his vices in the lustre of a glorious death.

Of the confusion that followed Smith's"takingoff,"Brigham

Young profited by procuring his own election to the pre-

sidency by the council of tha " twelve apostles,"—a position

for which his splendid executive abilities well fitted him,

as subsequent events abundantly proved. The following

year witnessed what appeared to be the culmination of

their misfortunes. The legislature of Illinois repealed

the charter of Nauvoo, and so critical did the situation

become that the leaders resolved to emigrate imme-

diately, and preparations were begun for a general exodus

westward. Early in 1846 a large number of the body

met at Council Blufe, Iowa, and those who had stayed

behind soon found cause to regret that they too had
not left Nauvoo, as in the September of the same year

that city was cannonaded, and the Mormons were driven

out. Meanwhile pioneers had been despatched to the

Great Salt Lake valley, Utah, and, their report proving

favouiable, a large body of emigrants was marched with

military discipline across the wUdemess to the valley,

where they immediately proceeded to found Salt Lake City,

and where on 24th July 1847 they were joined by their

ehief, Brigham Young. In the May following the main

body of the saints set out to rejoin their brethren, and in

the autumn of that year reached Salt Lake City. Large

tracts of land were at once put under cultivation, a great

city sprang up as by magic, and the untiring industry,

energy, and zeal of the emigrants turned a barren wilder-

ness into a fertile and blooming "garden. An emigration

fund was organized, missionaries were sent out, and soon

settlers began to pour in from all quarters of the globe,

particularly from Great "ritain, Sweden and Norway, and

in less numbers from Grermany, Switzerland, and France.

Strangely enough, and the fact deserves emphasis, Ireland

has furnished few if any recruits to the caxise of Mormon-
ism. In March 1849 a convention was held at Salt LaJce

City, and a State was organized under the name of Deseret,

meaning " the land of the honey-bee." A legislature was

also elected, and a constitution framed, which was sent on

to Washington. This Congress refused to recognize, and

by way of compromise for declining to admit the proposed

new State into the Union President FiUmore in 1850

organized the country occupied by the Mormons into the

Territory of Utah, with Brigham Young aa governor.

District judges were also appointed by the Federal Govern-

ment ; but in 1851, a few months after their appointment,

they were forced to leave by the aggressive tactics of

Young. Such bold defiance of the Federal Government

could not be ignored ; Brigham was suspended from the

governorship, and Colonel Steptoe of the United States

iirmy appointed in his stead The new governor, backed

by a batt^on of soldiers, arrived in Utah in Angnst 1854

;

but so strong was the opposition which he met with that

he dared not assume oflSce, and was forced to content him-

self with merely wintering in Salt Lake City, after which

he withdrew his troops to C>-Ufornia. Nor did the other

civil officers appointed by the United States Government

at the same time show any bolder front. In February

1856 a band of armed Mormons broke into tie court-

room of the United States district judge, and forced Judge
Drummobd to adjourn his court sine dii. His surrender

precipitated the flight of the other civil officers, and with

the sole exception of the United States Inditxn agent they

withdrew from Salt Lake City. These facta led President

Buchanan to appoint a new governor in the person of

Alfred Cumming, the superintendent of Indian affiiirs on

the upper Missouri, who in 1857 weut t» Utah, accom-

panied by Judge Eckels of Indiana as chief justice, and

by a force of 2500 soldiers. Enraged by this aggressive

action, Brigham Young boldly called the saints to arms.

In Septembe- the United States army neached Utah, but

on 5th and 6th October a band of mounted Mormons
destroyed a number of its supply trains, and a few days

later cut off 800 oxen from its rear and drove them intc

Salt Lake City. The result was that the United States

army, now commanded by Colonel. A. S. Johnston, was
compelled—it being now mid-November—to go into winter

quarters at Black's Forks, near Fort Bridger. In the

same year a party of Mormons and Indians, instigated

and led by a Mormon bishop named John D. Lee, attacked

a train of 150 non-Mormon emigrants at Mormtain Mea-

dows, near Utah, and massacred every souL Governor

Cumming at once declared the Territory in a state of

rebellion; but in the spring of 1858, through the inter-

vention of Thomas L. Kane of Peiuisylvasiia, armed with

letters of authority from President Buchanan, the Mormons
were induced to submit to the Federal authority, and

accepted a free offer of pardon made to tiem by the United

States Government as the condition of their submission.

Matters being thus settled, the Federal troops encamped

on the western shore of Lake Utah, some 40 miles from

Salt Lake City, where they remained until withdrawn from

the Territory in 1860. On the close of the American Civil

War a Federal governor was again appointed, and in 1871

polygamy was declared to be a criminal offence,and Brigham

Young was^ arrested TMs actiqn, however, on the part of

the United States Government was merely spasmodic, and

the Mormons continued to practisepolygamy, and to increase

in wealth and numbers until 29th August 1877, when
Brigham Young died, leaving a fortune of $2,000,000

(£400,000) to 17 wives and 56 children. He was succeeded

in office by John Taylor, an Englishman, although the

actual leadership fell to George Q- Cannon, "first coun-

sellor " to the president, and one of the ablest men in the

sect. The year 1877 was otherwise signalized in Mormon
history by the trial, conviction, and execution of John D.

Lee for the Mountain Valley massacre of 1857. Of late

years the question of Mormonism has largely occupied

public attention. In 1873 Mr Frelinghuysen introduced

a bill severely censuring polygamy, and declaring that the

wives of polygamists could claim relief by action for divorce.

In 1874 the committee of the House of Representatives

reported a bUl which reduced Utah to the position of a

province, placing the control of affairs Ib the hands of

Federal officials, and practically abolishing polygamy. In

the same year George Q. Cannon wafl edected a delegate

from Utah, and though his election was contested it was

confirmed by the House of Representatives. This decision,

hewever, was accompanied by the passing of a resolution

by a vote of 127 to 51, appointing a committee of investiga-

tion into Delegate Cannon's alleged polygamy,—behaving,
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it was asserted, four wives. Later in the same year the

Utah Judiciary Bill, attacking the very foundation of

Mormonism, passed the House in spite of the eloquen',

opposition of Cannon. Other steps in the same direction

have since been taken, and bills passed,, having for their

object the extirpation of polygamy, but all without imme-
diate and practical effect. It is, however, a question of

time merely
;
polygamy is doomed. The secession, chiefly

because of his opposition to the practice, of Brigham
Yoimg's son, a Christian preacher, and of a large body
of other anti-polygamists who claim to be the true Latter-

Day Saints, represents not an individual opinion but the

deep-rooted conviction of a great party, and the day is not

far distant when the Mormons who acknowledge John
Taylor as chief prophet must consent to lop off polygamy
or cease to exist as a corporate body of the United States.

Already there are not wanting signs of approaching dis-

solution, of which perhaps the most significant is the con-

ferenceof the "Reorganized Church of Jesus Christof Latter-

Day Saints," held on 6th April 1883, at Klrtland, Lake
county, Ohio. This sect originated in 1851, seven years

after the death of Joseph Smith, when several officers of the

church met and claimed to have received a revelation from
God, directing them to repudiate Brigham Young, as not

being the divinely-appointed and legitimate successor of

Joseph Smith, and as being the promulgator of such false

doctrines as polygamy, Adam-God worship, and the right to

shed the blood of apostates. Nothing of special importance

occurred, however, until 1860, when Joseph Smith jun.,

the eldest son of the founder of the faith, became identi-

fied with the Reorganized Church as its president. Since

then the seceders have prosecuted missionary work through-

out the United States, Great Britain, Canada, Scandinavia,

Switzerland, Australia, and the Society Islands, until their

communicants are said to number over 27,000. Their

headquarters are at Piano, Illinois, to which place they

removed from Lamoni, Iowa, in 1881. The Reorganized

Church holds that the legitimate successor to Joseph Smith

was his eldest son, that the allegation that Smith intro-

duced polygamy on the strength of divine revelation was
an invention of Brigham Young, that the Utah Church
has departed grievously from the faith and practices laid

down in the Book of Mormon and subsequent revelations

to Joseph Smith, and that the Reorganized Church is the

only true and lawful continuation of, and successor to, the

original church, and as such is legally entitled to all that

church's property and rights. And it was to celebrate the

decision of the United States Court of Ohio confirming

this last claim, and vesting in them the right to the temple

consecrated in Kirtland, Ohio, in 1836, and for nearly forty

years disused owing to litigation, that the Reorganized

Church met in that temple on the 6th of April 1883.

Returning to the main body, it may be added that the

population of Utah is 147,000, of whom 123,000 are

Mormons ; but as the saints are scattered over the globe

it is difficult to arrive at a just estimate of their complete

numerical strength. In Idaho, Arizona, Washington,

Colorado, Montana, and Wyoming they have of late years

made great progress, and their number in the United

States outside of Utah cannot fall much under 27,000.

In Europe they have also many adherents, and a careful

study, based on recent official statistics, would place their

entire number at 213,000.

Government.—At the heaLl of the hody is a president, who pos-

sesses supreme authority, Kupported by two counsellors. These
three are supposed to bo the successors of Peter, James, and Jolin,

and constitute what is. known as the "first presidency." Then comes
the " patriarch," whosB .:hief duty is to bless and lay on hands, and
after him the "twelve apostles," forniiuga travelling high council,

aud receiving a salary of $1500 a year each. Of these the president

is ex officio one, and endowed with authority e(^ual to the other

oleven. Their dnties are important. They ordain all other officers,

elders, priests, teachers, and deacons, lead all religious meetingsj
and administer the rites of baptism and sacrament Fourth come
the seven presidents of the "seventies," each body comprising seventy

elders ; there are eighty seventies in Utah, each of which has seven

presidents, and every seven one president. These seventies, make
annual reports, and are the missionaries and propagandists of the

body. Fifth come the "high priests," whose chief duty is to officiate

in all the offices of the church in the absence of any higher autho-

rities. After them comes the presiding bishop, who superintends

the collection of tithes, which amount to §1,100,000 annually. The
church is made np of 23 stakes, each having a president, and is

divided into wards, which are subdivided into districts, each of

which has a certain number of teachers, a meeting-house, Sunday
school, day school, and dramatic, debating, and literary societies.

,

Doctrine.—The Jlormons no longer claim to be a Christian sect,

)

any more than do the Mohammedans. A system of polytheism has
,

been grafted on the original creed, according to which there are

grades among the gods, the place of Supreme Ruler of all being
taken by the primeval Adam of Genesis, who is the deity highest

in spiritual rank, while Christ, Mohammed, Joseph Smith, and
Brigham Young also partake of divinity. The business of these
deities is the propagation of souls to people bodies begotten on
earth, and the sexual relation permeates every portion of the creed

as thoroughly as it did that of ancient India or Egypt. The saints

on leaving this world are deified, and their glory is in proportion
to the number of their wives and children,—hence, the necessity

and justification of polygamy, and the practice of having many
wives sealed to one "aint. Their distinguishing points of faith

are :—religiously, a boiief in a continual divine revelation through
tlie inspired medium of the prophet at the head of the church

;

morally, polygamy, though this is expressly condemned in the
Bixif: of Mormon, and was grafted on the original faith by Smith ;

and, socially, a complete hierarchical organization. They believe in

tlie Bible as supplemented by the Book of Mormon and the Book of
Doctrine ; in the gift of prophecy, miracles, and casting out devils

;

in the imminent approach of the end of the world ; in their own
identity with the apocalyptic saints who shall reign with Christ in a
temporal kingdom, either in Missouri or Utah ; in the literal

resurrection of the body ^ in absolute liberty of private judgment
in religious matters ; and in the salvation of a man only if he believes

in Christ's atonement, repents, is baptized by immersion by a
Christ-appointed apostle, and receives the laying on of hands for

the gift of the Holy Ghost by duly authorized apostles. Among
their minor rules as laid down in A JVord of JVisdom, supposed to

have been revealed to Joseph Smith, 27th February 1833, are these
recommendarions :—that it is not good to drink wine or strong drink,

except at the Lord's Supper (and even then it should be home-made
grape-wine), or to use hot drinks or tobacco,—the former being meant
for the washing of the body, and the latter for the healing of bruises

and sick cattle ; man's proper food is herbs and fruit, that for

beasts and fowls, grain ; and, except in winter and in case of famine
and severe cold, flesh should not be eaten by man. Infant baptism
is also condemned, but the children of the saints who have reached
their eighth year should be baptized. The deceased, also, can bo

baptized by proxy, and in this way 'ft'ashiiigton, Franklin, aud
others have been vicariously baptized into the church.

See Book 3/Jlformoji(1879); Book of Doctrine and Corena n/s(lS76); John Ilyde
jun., Mormonism, Us Leaders and Designs (IS j7) ; B. G FerrU, I'loli oitd tht
Wormuiw (1854) ; K W.Green, tlomonism (1870); T. B. H. Stenliouse, Bockn
ifountain SaUfs (1873) ; H. Mayhew, The Morntons ; ElJer John Jaquea, Cate-
chism /or Children (1877), John W Gunnison, Mormons, or l.ottcr-Dau Saints
(1852); Hepworth Dixon, 5jj(ri(uai Wives (1808); J. H. Beadle, Life in Utah
(1870). (J. FR.)

_
MORNAY, Philippe de (1549-1623), Seigneur du Ples-

sis-Marly, very generally known as Mornay Du Plessis or

Du Plessis-Moi-nay, one of the most distinguished members
of the Protestant party in France, was born at Buhy in

Normandy on 5th November 1549. As a younger son

he was destined for the church, and with this view was
sent to the College de Lisieux in Paris, but in his eleventh

year, along with the rest of his family, he abandoned
Roman Catholicism, continuing, however, with zeal and
success his studies cot only in classical and general litera-

ture but also in theology. In the autumn of 15G7, on the

outbreak of the second religious war, he joined the army
of Condd, but was prevented from taking an active part

in the campaign by a fall from his horse, which broke his

leg. In the following year he went abroad, and, after

spending the winter at Heidelberg, travelled extensively

in Italy, Germany, the Low Countries, and England,

learning the languages and acquiring the friendship of

many of tho distinguished m<in of all these countries. In
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June 1572 he retxirned to France, and had begun to enter

upon a diplomatic career (his earliest extant " m6moire,"
laid by Coligny before Charles LX., had reference to the

duty of France to support the Low Countries in their

struggle for independence) when the St Bartholomew mas-
sacre, from which he escaped with difficulty, compelled
him to take refuge across the Channel. There he rendered

valuable services to William of Orange, and also to the
duke of Alengon-Anjou, as a semi-official political agent.

Returning to France at the instance of La None towards
the end of 1573, he took part with various success in

numerous military enterprises, and was made prisoner at

Dormans in 1575 (10th October), but not having been re-

cognized he got off for a small ransom. Shortly afterwards

he married Charlotte Arbaleste at Sedan, and at her re-

quest wrote as a bridal present the Discoiirs de la Vie el

de la Mori (1576), which has been so often reprinted and
translated. In 1577 Hepry of Navarre made him a mem-
ber of his council and sent him on a diplomatic mission to

England, and during this visit, which lasted more than a
year, he found tune among his other pressing occupations

to prepare for the press his Traile de I'Eglise oh Von traile

des princxpales questions qui ont He mues sur ce point en

nostre temps (1578), which at once became popular. From
July 1578 till his return to France in 1582 he was chiefly

in the Low Countries, engaged in public business, and
during this interval he wrote and published a considerable

work in apologetical theology (Traite de la vcrite de la

religion chreticnne contre les Athees, Epicuriem, Payens,

Juifs, etc., 1581). With the death of the duke of Anjou
in 1584, by which Henry of Navarre was brought within

sight of the throne of France, the period of Mornay's
greatest political activity began ; his importance in the

Huguenot counsels was further increased in 1588 by the

death of the prince of Cond6, to whose influence he practi-

cally succeeded. In April 1589 he was rewarded for the

reconciliation of the two Henries with the governorship of

Saumur, and he took active part in many of the military

operations that followed the assassination of Henry III.

in the following August. He was present at the siege of

Dieppe, fought by the side of Henry IV. at Ivry, and was

one of the besiegers of Rouen in 1591-92, until sent on a

mission to the court of Elizabeth. A crisis in his political

career was marked by Heni^s abjuration of Protest-

antism in July 1593, which gradually led to Mornay's

withdrawal from the court. In this year it was that he

founded the Protestant academy or university of Saumur,

which had a distinguished history until its suppression by

Louis XIV. in 1683. In 1598 he published a work on

which he had long been engaged, entitled De rinstitution,

usage, et doctrine du saint sacrement de VEttcharislie en

r£glise ancienne. It having reached his ears that Cardinal

Du Perron had alleged ,that of the (thousands of) citations

in this controversial work he could point out five hundred

that were falsified or misunderstood, he challenged his

assailant to a public discussion. This was at lastnrranged

for by the good offices of the king, and took place at

Fontainebleau on 4th May 1600. Only nine passages

were discussed, but in each case the decision, one is not

surprised in the circumstances to learn, went against the

Protestant. Mornay, from whom every indication of the

particular passages to be impugned had been persistently

withheld, was forced by supervening illness to withdraw.

Only once again did he appear at court, in 1607. He
continued, however, to give his party the benefit of his

counsel and active support to the end of his long and busy

life. His last work, entitled Mystere d'iniquite, c^est d,

dire, Vhistoire de la Papaute, appeared in 1611. In 1618

he watf chosen a deputy to represent the French Protest-

ants at the synod of Dort. 'Prohibited by Louis XEEI.

from personally attending, he nevertheless contributed

materially to the deliberations of that assembly by written

communications. In 1621 he was deprived of his governor-

ship ; and his death toofe place at La Foretrsur-Sivre on

11th November 1623.

Two volumes of ilimoires, from 1572 to 1589, appeared at La
Foret in 1624, and a continuation, in two volumes, at Amsterdam
in 1652 ; a more complete edition {Memoircs. corrcspondances, et vie)

in twelve volumes, 8vo, was published at Paris in 162-1-25. The
greater number of his works were translated into English during
nis lifetime.

MORNY, Chaeles Adguste Loins Joseph, Due de
(1811-1865), was the natural son of Hortense Beauhamais,

queen of HoUand, and of the comte do Flahaut, a leading

dandy of the period, and was thus brother to Napoleon
HI. The secret of his birth (23d October 18n) was care-

fully kept ; he was acknowledged as son by the comte de
Morny for & consideration, and was brought up by his

paternal grandmother, Madame de Souza, a writer of

society novels, and a woman of great wit and high breeding.

As a boy of nineteen he was declared after the revolution

of 1830 a hero of July, and was entered at the staflF college.

In 1832 he was gazetted sub-lieutenant, and served in

Algeria as aide-de-camp to General Oudinot ; he was pre-

sent at Mascara and Constantine, and was ma_de a chevalier

of the Legion of Honour. In 1838 he returned to Paris,

and began his career as dandy and speculator. In the

first capacity he set the fashions both of dress sind manners
to the young men of Paris, and conceived the idea of the

modern society journal, and in the second established a

manufactory of beetroot sugar at Clermont-Ferrand. This

last idea brought about his election for the department of

the Puy-de-D6me. In the chamber he voted consistently

with the ministers. The republic' of 1848 marked the

crisis in his fortunes, and by 1851 all his speculations had
failed, and all his property was sold. In desperation he
determined to play a part in politics, and was the heart

and soul of the COM/) cT^ai of December 1851. The success

of the coup d'etat was certain, owing to the fear of the

extreme republicans entertained by the great majority of

the nation, and aU that was needed was a head for intrigue

and an utter absence of scruples to shed innocent blood.

Morny and St Arnaud fulfiUed these requisites. Momy
was on the day of the coup d'etat made minister of' the

interior, but he had no taste for the drudgery of adminis-

tration, and in January 1852 found an excuse for resigning

on the question of the property of the Orleanist princes.

The empire established, he was again able to begin specu-

lating, and u.sed both the money of the state and his

influence witli his brother for the success of his schemes.

He had been in 1852 re-elected deputy for Clermont-

Ferrand, and waB in 1854 elected president of the corps

legislatif, an office which he held for the rest of his life.

This office in every way suited him ; he had large pay,

and resided in a magnificent official residence, where he

produced little plays to admiring audiences. The work
was not hard, being chiefly to maintain the Government
majority in a good humour by sumptuous entertainments,

and to win over the Liberals by the same tactics. He still

speculated in railways, pictures, mines, and even in a new
watering-place, Deauville, and, being absolutely unscru-

pulous and venal, amassed an immense fortune jn spite

of the utmost extravagance. In 1856 he was special

ambassador at the coronation of Czar Alexander n., when
he spent immense sums, and married a wealthy Russian,

Princess Troubetzkoy. In 1862 he was created a duke,

and in 1865, after continuing to the last his career of dissi-

psiion, died of sheer anaemia from the measures he took

to keep himself fit for yet further excesses.

Of the due de Momy little good can be said either as a statesman

or a man. He looked upon everything from a purely selfish point
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cf view, and wouU not have denied ft ; but he was shrewd enough

to perceive that the empire rested on the prestige it maintained for

France not only in war hut in fashion, and in assisting the empress

to make Paris the centre of fashion for the whole civilized world he

laib>(- he was not only pleasing hiuiseli" but doing a service to the

empire. He was a thorough man of the world, and was witty as

sncli, but the wit does not appear at its brightest in his plays,

published under the name of Saint-Remy, of which perhaps the

most readabii! is M. Chmifleury rcstcra chez lui. Ho had great

influence over the emperor, but could lay no claim to personal

fidelity, as could his less able but equally unsenipulous colleague,

M. de Persigny.

For his Ufe consult H. CastlUe, M. de Many, 1859, and De la OueronniSre,

jei«<fcsrf7iortra//spo(;rii/i«3(1866);alsoAItoii-Shee'8i/ii)7ioir«i08i;8-69). His char-

acter is admuubly sketched as the duo de Mora in A. Daudofs noTel Le Nabob.

MORO, AxTOjn (c. 1512-1581), otherwise known as

SiE AmHONY More, an eminent portrait-painter, was born

at Utrecht, in 1512 according to some, but in 1525

according to Van Mander in his Eet Levea, der Schilders.

He studied his art under Jan Schoorel ; and after making

a professional visit to Italy he commenced to paint por-

traits in the style of Hans Holbein. His nse to eminence

was rapid. In 1552 he was invited to Madrid by the

emperor Charles V. to execute a likeness of Prince Philip,

Two years afterwards he was in London painting the

portrait of Queen Maiy. For this picture an annual

salary and, as some suppose, the honour of knighthood

were conferred upon him. He was also employed to

sketch the likenesses of several of the English nobility.

On the death of Mary in 1558 More returned to Spain,

and lived there for two years in great honour with Philip

n.>.esBcutuig, in addition to portraits, several copies after

Titian. Having compromised himself with the Inquisition,

he repaired to the Netherlands and was received into the

service of the duke of Alva. His death took place at

Antwerp about 1581. Among his figure-pictures Van

Mander specifies the Circumcision of Christ, executed

for Antwerp cathedral, as one of the most notable. His

portraits are full of individuality, and characterized by

firm and solid rendering of flesh. Several admirable

examples are preserved in Madrid; among the rest the

portrait of Queen Mary of England, which has been

excellently etched by Milius {L'Art, 8th December 1878).

"Moro's style," says Stanley in his Dutch and Flemish

Painters, "so much resembles that of Holbein as to fre-

quently create a doubt to which of them a portrait is to

be attributed ; but he is not so clear and delicate in his

colouring (perhaps from having painted so much in Spain)

as that master."

PUte X. •MOROCCO, or Makocco, the term (corrupted from the

name of the city Marr4kush) used in English to designate

the Maghrib ai-Aks4 or extreme west of the Arabs, is the

country at the north-western corner of the African continent,

with the Mediterranean on the north and the Atlantic on the

Wffit. Its landward limits can only be vaguely defined. The

eastern frontier towards Algeria, determined by the treaty

of 1844, is a purely conventional line starting from the

mouth of a smaU stream caUed the Skis and running across

country in a general south -south -east direction. The

southern boundaries expand and contract according to the

power and activity of the central authorities. Behm and

Wagner (1882), who include Tdfflelt, Kenatsa, Figig, Twat,

Gurara, Tidikelt, the plateau of Tedmaid, &c., estimate the

total area of the sultanate at 305,548 square miles ; and this,

which is about twee the size of Algeria, or five times that

of England and Wales, may be taken as a maximum. The

allegiance of many o^ the tribes within this compass is

questionable and intermittent. Morocco is still the portion

of Northern Africa about which European information is

niost defective, and the ordinary maps are composed to a

largo extent of most unscientific material eked out by

probabilities and conjecture. Since the middle of the

present century a good deal has been done in the way of

exploration, mainly in the lowlands and steppes sloping

towards the Atlantic—the country of the great historical

cities of Tangiers, Fez, Meknes (Mequinez), and Morocco :

but even there what lies but a few miles east or west of

some track traversed by Europeans for centuries remains

matter.of question.

Since the publication of Arlott's survey from Cape
Spartel to Cape Bojador (1840-44) and of Viucendon-

Dumoulin and Kerhallet's surveys from the Strait of Gib-

raltar to the Algerian frontier (1853-57) the seaward aspect

of Morocco has been known in detail. To the Mediter-

ranean it presents for a distance of about 200 miles the

rugged, profile of the RIf hills (stiU unexplored), which

generally end in lines of cliiF broken at intervals by narrow

sweeps of sandy beach; but occasionally open up into beau-

tiful and fertile valleys, with abvmdant evidence of human
occupancy and tillage. About 6 miles west of the Skis

lies the mouth of the great river Muliiya ; and 10 miles

farther on, opposite Cape del Agua (Ras Sidi Beshir), is

a group of dry and barren islands known as the Zafcirines,

which form the best roadstead on the Rlf coast.^ Be-

tween Point Quiviana and MelUla runs a low and sandy

shore in front of a gieat salt marsh, the Puerto Nuevo of

the Spaniards. MeliUa (MaUla) is a fortified town, held

by the Spaniards since 1653, bmlt on a rocky peninsula

and connected by lines of rampart with Fort Rosario on

the heights behind. Near the village of Azanen is a wide

open shore with the only sand-dimes on all this coast.

The fine semicircular bay of Alhucemas is the seaward

end of one of the most beautiful vaOeys in the Rlf, clothed

with verdure and dotted with hamlets. A Spanish presidio

occupies one of the larger of the Alhucemas islands (Al-

Mazemma), which are identified with the Ad Sex Insulas

of the itineraries. Another Spanish fortress crowns the

rocky island of San Antonio or Penon de Velez ; and in

the valley off which it lies stood a town known to the

Spaniards as Velez de Gomera, to the Arabs as Badis, which

continued to be a place of importance in the 16th century.

The so-called Bay of Tetuan (Temwin)—the town is just

visible from the sea—is little more than the straight stretch

of coast between Cape Mazari on the south and Cape Negro

or .Negrete on the north ; but the prominence of these two

headlands gives it an appearance of depth. From Cape

Negro northwards to Ceuta the most notable object on

the horizon is the summit of Jebel MilsA, which, though

situated on the Strait of Gibraltar, towers above the inter-

vening hills. Ceuta (Sebta), the most important and

flourishing of the Spanish settlements in Morocco, occupies

a peninsula,—the head, Mt. Acho, standing about 4 miles

out to sea, and the neck being low and narrow. It marks

the eastern end of the_ strait. Westwards, the first point

of interest is again Jebel Miisd, the Elephas of Strabo, and

the Apes' Hill of English charts; the truncated top i&

usually hid in clouds. About 20 miles farther along the

coast lies the Bay of Tangiers (Tanja), by far the finest

harbour in Morocco. West from Tangiers runs the Jebel

Keblr (880 feet at its highest), the seaward exfremity of

which forms the celebrated Cape Spartel, the north-west

angle of the African continent, known to the ancients p.

Ampelusia or Cotes Promontorium. The lighthouse, built

in 1864 at the cost of the sultan of Morocco, and main-

tained at the joint expense of England, France. Italy, and

Spain, is the only one on the western coast.

The Atlantic coast of Morocco is remarkable for its

regularity and sameness ; not a single gulf or noteworthy

estuary occurs throughout its whole length ; the capes

1 The name is derived from the Arab tribe of the Beni Ja'far, who

settled on the neighbouring mainland at the conquest. Since 1848

th» islands have belonged to Spain. They are identified with the Ad

I Tres-tusulas of the Roman itinarnrif;
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are few and for the most part feebly marked. South-
ward from Cape Spartel the shore sinks rapidly till it is

within a few feet of the sea-leveL In the low cliff which
it forma about 4| miles from the lighthouse there is a
great quarry, which from remote antiquity has jdelded the

hand-milla used in the Tangiers district. A stfetch of

low marshy ground along the Tahaddart—the estuary of

the WAdi Keblr (W. Muharhar) and W. al-E[hamib—agrees

with Scylax's Gulf of Cotes (Tissot). Three or four miles

farther south lie the ruins of the town of Nebrosh, built by
Moors from Andalusia ; and 4 or 5 miles more bring us to

AzliA or ArzUla, the ancient Colonia. Julia Constantia Zilis

or Zeles. Since its bombardment by the Austrians in 1829
it has been a wretched little place, with a mixed Moorish
and Jewish population of about 1200.1 For the next 16
miles, between AzlU and Larash or El-Aeaish (q.v.) the

coast has a tolerably bold background of hills, Jebsl Sassar

near Fez forming an important landmarkfor the latter towr,
which, with its Phoenician, Roman, and mediaeval remains,

is historically one of the most interesting places in Morocco.

A line of reddish cliffs about 300 feet high runs south

for about 10 miles from the W. Aulkos, at whose mouth
the town is built ; then the coast sinks till it reaches Miili

Bii Selham, an eminance 220 feet high. Between MiiM
Bii Selham (often wr.ongly called Old Mamura or Marmore)
and a similar height crowned by the tomb of Sidi 'Abd
Allah JeKU lies the outlet of the Blue Lake (Marja Zarkd),

10 or 12 miles long. Farther south, and separated from
the sea by an unbroken Line of rounded hills (230-260
feet), is the much more extensive lagoon of Kas al-Dura,

which in the dry season becomes a series of marshy meres,

but in the rainy season fills up and discharges into the

Sebii. Eastward it is connected with the Marjat al-Gharb,

fed by the W. Meda. On the south side of the outlet of

the Sebii lies Ma'miira, probably founded by 'Abd al-

Mumen, and originally named Mahdlya, after the Almohade
Mahdl Twenty miles farther is the mouth of the Bii

Eakrak, with its cluster of interesting towns : Sallee (SAldt)

on the north side, long famous for its piracies and stiU one

of the most fanatical places in the empire, and on the south

side New Sallee (RabAt) with its conspicuous tower of

Hasan, and Sheila (Sella of Leo Africanus) with its inter-

esting ruins. Onward for 100 miles to Point Azammur
and the mouth of the Umm Rabl' river a line of hills sldxts

the sea ; the shore is for the most part low, and, with the

exception of capes at FadAla (a small village) and Ddr al-

Baidii or Casa Bknca, it runs in a straight line west-south-

west. Casa Blanca, the ancient .Ajifd, once a flourishing

port, was ruined by the Portuguese (1468) in revenge for

its piracies. It is now a place of 4000 inhabitants, and
has a thriving export trade in maize, beans, and wool,

and a European colony of about 100 persons. Azammur
(that is, in Berber, " The Olives," viz., of the Sheikh Bii

Shuaib), with 1000 inhabitants dependent on the shebbel

fisheries in the river, stands on an eminence about IJ
miles from the sea on the south side of the Umm Rabl'.

The bay of Mazagan (MAzlghan), a few miles to the south,

curves westward with a boldness of sweep unusual on this

coast. The town of Mazagan was founded by the Portu-

guese in 1506, and held by them till 1769.^ About 8
miles to the south and less than a mile inland lie the

esfensive ruins of Tit, a town which proved a thorn in

the side of the people of Mazagan till they sallied forth

' The atsurd story that about the 9th century it was an English

possession has its root in the visits of the Normans to this quarter

The modem tnw» sprang from a fortress built to protect the coast

against them (Dozy, RechercheSr 3d ed., ii 264 «j.).

' The Portuguese settlers, who had to leave it when Don Josi decided

onsurrendering this last stronghold of his country in Morocco, were after-

wards sent to Brazil, where they founded Villa Nova de Mazagan.

and destroyed it. At Cape Blanc (so called from itj

white cUffs) the coast, which bulged out at Cape Mazagan,

again bends east to resume much the same generaZ

direction for 55 miles to Cape Cantin. On this stretch

the only point of interest is Walidlya, formerly Al-Ghait

;

the excellent harbour praised by Edrisi is formed by an
extensive lagoon, and M. Tissot thinks that by a little

dredging the place would again become the safest ship-

ping station on the whole Morocco seaboard.* Beyond
Cape Cantin (300 feet high) the coast becomes bolder and
more irregular, especially after the mouth of the Tenslft is

passed. About 18 miles farther lies Saffi (Asfi), "by far

the most picturesque spot on the west coast," with the high

waUa and square towers of its Portuguese fortifications

shown to advantage by the ruggedness of the site. South
of MoGADOE(j.y.),and onwards beyond the limits ofMorocco,

the coast, becoming ever more and more inaccessible and
dangerous in winter, is emphatically known as the Iron

Coast. From Cape Sim or Ossim (Ras Tagriwalt), 10 miles

south of Mogador, the direction is due south to Cape Gir
(Igir Ufrani), the termination of Jebel Ida u Tanan (Rabbi
Mardochde), the last spur of the Atlas proper. Rounding
this headland we reach Agadlr (Agadir 'n Igir), the Santa
Cruz Major or Santa Cruz de Berberia of the Spaniards,

formerly known as the Gate of the Soudan.* It is a little

town with white battlements three-quarters of a mile in

eircumference, on a steep eminence 600 feet high. In
the 15th century it was seized by the Portuguese, and
Don Manuel caused it to be fortified; but in 1536 it

was captured by Iiluley (Maulii) Ahmed al-Hasan. Its

merchants were removed to Kogador in 1773. At the

mouth of the Siis Leo places three little towns called Messa
(MAssa), with a mosque popularly reputed the scene of

Jonah's restoration to terra firrtui. The port of this name,'

regularly visited by the Genoese traders in the 16th century,

who exported skins, gum, wax, gold, and indigo, is no doubt

at the mouth of the W. Mdssa, 20 miles farther south,'

Ifni, situated in 29° 23' N. lat., and Sidi Worzek, the Cape
Non '' of the Portuguese, are the only points call) ig for

notice till the better known Cape Nun is reached, which lies

5 or 6 miles north of the W. Der'a. With the Der'a the

Sahara may be said to begin.

On most maps the interior of Mcrocco is represented as

extremely motmtainous ; but, while it is traversed from east

to west by more than one strongly-defined range, the greater

part of the surface is really occupied by undulating steppe-

like tracts diversified by low hills. The backbone of the

country is the Great Atlas (Daran of the Berbers).* At
its western extremity the range averages from 4000 to

5000 feet in height ; after a slight falling off for a few

miles it rises till it attains an elevation of 10,000 feet;

.beyond the pass (about 60 miles from the sea) which leads

from Morocco to Tirudant the summits seem to be between

11,000 and 11,500 feet; about 40 miles farther east there

is a second pass at an altitude of about 7000 feet ; and

beyond that the main ridge continues 30 miles at a height

of about 12,000 feet, with a few peaks reaching to 13,000

or 13,500 feet. Snow lies on some of the summits as late

' BuU. de la Soc. de Geogr., Paris, 1875.
* This must not be confounded with Santa Cmz de Mar Peqaefia,

a post established in 1476 somewhere on this coast by Herreia, lord

of the Canary Islands, and in modem times the subject of much geo-

graphical disputation. After obtaining permission to reoccnpy tha

site the Spanish Government was unable to identify it

' See Valentin Ferdin.ind, Bcschreilung West A/riia'f (Mem. of

the Acad, of Munich, Sd Class, pt viii. ).

' Ya'kiiW, Descr. al-Maghribi, p. 126 ; Bisl. des Berbcres, ii. 279.
' No, Non, Nor. Nanm. Nao, are among the various readings. It

was another Cape Non W the south of Cape Bojador which seems to

have given rise to tha proverb, Quem pasar o cabo ae J^o ou tomara
ou nao. See Bol. de la Soc Oeogr., p. 316, Madrid, 1880.

8 Pliny says the natives called the Atlas "Dyrin."
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as June, but it is probable that none of them retain it

throughout the year. Taken as a whole, the Atlas has a
mean elevation higher than that of any other range of

equal length in Europe or in the African and Asiatic

countries bordering on the Mediterranean. From the
lowlands to the north it has a very fine appearance, rising,

as it seems, in steep and almost abrupt ascent, though the

real distance from foot to summit is a slope of. 15 miles

(compare the panorama prefixed to Hooker and Ball's

Morocco).

What is the calminating point of the range is quite unknown; the
Miltsin peak has no claim to that distinction The English embassy
of 1829-1830 advanced up the northern slope only a little beyond
Tasseremut (3534 feet), and Davidson in 1836 merely reached the
U-wn, and then turned westwards. From Tasseremut eastwards the
range is altogether unexplored for 200 miles till we come to the
route followed by Alimed b. Hasan al-lltiivi (1789), Cailli(5 (1827),
und Rohlfs (1863). 'The English expedition oT 1871 (Hooker and
Ball, &c ). besides visiting Tasseremut, went up the Urika valley to
a. height of 4000 feet, up the Ait Mesan valley to the Tagherot pass
(11,484), and up the Amsziz vaUey to the summit of Jebel Tezah
(11,972 feet). In the Tagherot pass Mr Jlaw was the only one of
the party who reached the watershed ; but from Jebel Tezah a good
view was obtained southward across the great valley of the S& to
the AntiAtk 3, which appeared to be from 9000 to 10,000 feet high.
In 1880 Dr Lenz crossed the range by the ordinary route from
Morocco to Tariidant. " First," he says, "is a chain of comparatively
low and flat hills consisting of Cretaceous and Tertiary rocks ; then
follows a plateau with ranges of red, probably Triassic, sandstone

;

ind finally come the higher and steeper peaks of clay slate with
great metalliferous deposits. The pass where the descent towards
Bus begins is called Bibauan, and lies 4000 feet above the sea. The
route doivn to ' Emnislah ' is steep, diflicult, and at times dangerous.

"

As to the relation of the Anti-Atlas to the Atlas proper at its
western end nothing certain is known.

All the principal rivers of Morocco take their rise in the
Atlas mountains, and the headwaters of the Muluya, the
Sebii, the Umm Rabf, the Der'a, and the Zlz are all to
be placed in that part of the range which lies between
32" 20' and 32° 30' K. lat., and between 3° 30' and 5° W.
long. In almost every instance the summer current is

comparatively feeble, but the wide beds and often high
steep banks are sufiicient of themselves to show the change
produced by the rains of winter and the thaws of spring
The JIuluya (Mulucha and Malva of Pliny, &c.) is mainly
interesting as the river which the French have long wished
to make the western boundary of Algeria. Its course is

almost entirely unexplored. About 34° 20' N. lat. Captain
Colvile found it some 200 yards wide but quite shallow

;

about 25 miles east of its sotu-ce where it is crossed by the
route to Zlz it is already a powerful stream with a deep
bed cut in the granite rock, and ohortly afterwards it is

joined by the W. Sgimmel, a still larger affluent (Rohlfs).

Of the lesser streams which flow into the Mediterranean it

is enough to mention the W. Martil or Martin (otherwise

W. Bil Sfiha, VV Ras, W. Mejeksa), which falls into the

Bay of Tetuan, and is identified with the Tamuda of

Pliny and Thaluda of Ptolemy. On the Atlantic seaboard

north -^f *he Sebii there are a number of comparatively small

streams, the chief of which is the very winding W. Aulkos
or Lokkos, with several tributaries. If Renou's statement

that the Sebil (the Siiiur magnifiras et namgabilis of Pliny)

had a cou'^ie not much inferior to that of the Seine be
somewhat of an exaggeration, it may at least be compared
to the Thames in length and width, though not in steadiness

and depth of current. At Meshra'at al-Ksiri, about 70
miles from its mouth, it is about 10 feet deep in the month
of May and more than 460 feet wide ; and, though its

banks are 21 feet high, extensive inundations occur from

time to time. The tide ascends as far as Al-Kantara, 1 a

miles above Ma'milra, and steam barges with a small draught

of water could make their way to the ford just mentioned,

and possibly even as far as Fa (Trotter). Affluents of the

Sebij are W Mikkes ard W Al-Redem (90 mile" long).

The swift and muddy current of W. Beht usually loses
itself in a swamp before it reaches the main stream. The
impetuous Umm Rabi', with a rocky bed and many
rapids, is perhaps as large as the Sebii ; but as there are
no important cities in the coimtry through which it flo'n-B

its course is not so well known. VV. al-Abiad, W. al-Akdur
and W. Tessaut seem to be the principal affluents. This
last is separated by about 10 miles only from the valley
of the Tenstft, the river which flows to the north of the
city of Morocco ; and, by the W. Nefls, the Asif al-Mil
(Asif is Berber for "river"), the W. Usbi, and other smaller
tributaries, receives the waters of about 180 miles of the
Atlas range. The valley between the Atlas and the Anti-
Atlas is traversed by the W. Siis, whose ever-flowing stream
is sufficient to turn the whole district into a garden. The
MAssa or W. al-Ghds (Wholgras of Davidson, Oued Ouel
R'as of Delaporte), though its headwaters drain only one or
two of the lesser valleys at the south-west end of the Anti-
Atlas, is "about 50 yards from bank to bank at the mouth,
with a depth at high water and in the proper channel of
something over a fathom." Farther south is the Assaka
or W. al-AksA, long known to European geographers by the
name of W. Nun; and finally the famous W. Der'a is

reached, which in length of course exceeds all the rivers of

Morocco, but, except in spring when the snows are melting
in the highlands, remains throughout all its lower reaches

a dry sandy channel, hardly noticed by the traveller in the
surrounding desert. In the upper valleys, on the contrary,

innumerable streams from the south side of the main chain
of the Atlas, the W. Dades from the east, and the Asif
Marghen, W. al-Molah, or Warzazet from the west, flow

through populous and fertile valleys, and uniting to form
the Der'a cut their way southward through a gorge in the

Jebel Sogh6r, which, as the name implies, is a lower range
running parallel to the Atlas proper. For the nex*; 130
miles the noble stream holds south-south-east, drained at

every step by the irrigation canals which turn this region

into a green oasis, tOl at last its dwindling current bends
westward to the sebkha (salt marsh) of Debiaya. For a
few weeks once a year the thaw-floods fiU this shallow but
extensive basin and rush onwards to the Atlantic ; but in

summer it dries up, and, like the bed of the river for some
distance below, is covered with flourishing crops. From
the south of the Atlas still far'iher east descend a number
of other streams, the W. Zlz (with its tributaries the W,
Todgha and W. Gheris), the W. Ghir, the W. Kenatsa, &c.,

which, after watering the oases of Medghara, Tdfflelt

(Sijilmisa), Kenatsa, &c., lose themselves in the sands of

the Sahara.' Besides the lakes and lagoons of the coast

district already mentioned, there are several others, such na

the Daya Sidi Ali Mohammed, wliich Rohlfs passed nefir

the summit of the Atlas, but they do not form a feature of

the country. The eastern frontier rims across the great

Western Shatt, and south from that point lies the extensive

Sebkha Tighrl
According to Dr Lenz, in his geological map of 'West Africa (188S),

the stretch of country in the vicinity of Ceuta and Tetuan is Ju-

rassic ; modern Tertiary and Eocene rocks cover all the rest of the

great northern promontory for some distance south of Wazan, and

extend in an irregular belt fi-om the neighbourhood of Fez sc jth-

w.'st to the province of Abda ; between these two areas there lies a

district of Cretaceous formations which extends to the Atlantic, and

skirt" the whole African coast from Larash as far south as Cape Blanc

uOO miles south of the Der'a) ; nearly all the rest of the uorth-

w-steru slope of the country is occupied by alluvium. The west-

ward portion of the Atlas shows a belt of Cretaceous rocks, a broader

Jurassic bolt, and one still broader of Red Sandstone, porphyrites

and porphvritic tuffs forming the backbone of the ridge. From
Tan'idant eastward runs a strip of clay slates, possibly of Carbon-

iferous origin, and from Anti-Atlas in the west and Figig in.th»

> See Castries on the "Oued Brai" in Bull, de la Soc. da Olnr't

1880.
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east Devonian rocks stretch for hundreds of miles into the Sahara.

The plain around the city of Morocco has a sheet-like covering of

tufaceous crust rising over hUl and valley and following all the
undulations of the ground, the result probably of the intense heat
of the sun rapidly drawing up water charged with soluble carbonate
of lime from the calcareous strata, and drying it layer by layer on
the surface till an accumulation several feet thick has been produced
(Slaw). This crust is e.ttensively burned for lime, and it forms a
natural strong roof for the matamores or underground cellars which
the Moors excavate in the soft strata beneath. An enormous
deposit of boulders occurs iu the lateral valleys and along the
escarpment of the Atlas, and the opinion that these are the pro-

ducts of remote glacial action is supported by the existence of true

moraines in the upper part of the glens. All along the west coast

there are indications of an elevation of the laud in the shape of

raised beaches, at Tangiers 40, at the south of Cape Spartel 50, at

Mogador 60 or 70 feet high ; but a number of other facts seem to

show that at present a process of subsidence is in progress.

'

That mineral deposits of great value exist iu Morocco there is

little doubt. At Jebel Hadid or the Iron Mountain, the heights
to the north of Mogador, old scoria; are found. In the Beni Madan
hills near Tetuau are mines, closed, it is said, by the sultan 'Abd
al-Rahman ; but whether they furnished copper or lead authorities
differ. On the road to Kenatsa, Kohlfs saw lead and antimony
worked by the Beni Sithe. Antimony especially seems to be abun-
dant to the south of the Atlas ; Kohlfs found it in a very pure
state near Tesna, and Dr Allen (whose account was not published
when this article was written) informed the writer that he saw
splendid veins of it north of the Der'a. That ^o!d mines existed

in Siis was long suspected ; Gatell proved it. Kock-salt occurs in
the mouutaius north of Fez, in the valley of the W. Martil, and
probably in Jebel Zarhiin. In several places, as in the route from
Safli to Morocco, are brine lakes, from which the salt is collected

and exported as far as Central Africa.

The general aspect of the lowlands of Morocco varies so much
according to the season of the year that, while one stranger finds

it arid and sunburnt and monotonous, anothei' is delighted with the
richness of its vegetation and the bright variety of its colours.

In some of the Atlas valleys there is a wealth of timber, enormous
conifers, 10 to 12 feet iu girth of stem, oaks, &c.,* but the greater
part of the countiy has been cleared of every vestige of woodland,
and consequently depends for its appearanc'e on herbage, brush-
wood, and the lesser fruit-trees. Cultivation is confined to such
comparatively narrow limits that the natural flora has fuU scope
for Its development. Cowan, writing more immediately of the
country between Motocco and Mogador, speaks of " drifts of as-

phodel, white lilies, blue convolvuli, white broom flowers, thyme
and lavender, borage, marigold, purple thistles, colossal daisies

and poppies
;
" and Captain Trotter tells how for miles the undu-

laliug plateau of Kasr Fera'un was literally covered with wild
flowers, whoso varied colours, and the partiality with which eaoU
species confined itself to certain giound, gave to the landscape a
brilliant and most unique appearance. Dark-blue, yellow, and red
—iris, marigold, and poppy—occurred in patches an acre in size

;

farther on whole hills and valleys were of a delicate blue tint

from convolvulus and borage. At times the traveller's tent is

pitcned on a carpet of mignonette, at times on a carpet of purple
bugloss. In the country of the Beni Hasan squills are so abundant
that the fibres of the bulbs are used instead of hair in making tent-

cloth ; and in the north of Ksar al-Kebir the moors are covered for

miles with a beautiful white heathen From such gorgeous com-
binations of colour one can well imagine that the Moors drew the
inspiration of their chromatic art ; but the season of floral splen-

dour is brief, and under the hot African sun everything soon sinks

into the monotony of straw.

The botany of Morocco las been explored by Balansa (1867),
Hooker, Ball, and Maw (1871), Rein and Fritsch (1873), Ibrahim
Ammeribt (a Berber collector, 1873-6), the Kabul Mardochee Abi
Sij-ur (1872-3) ; and the results have been systematically arranged
in Cosson's Compendium Florss Allanticx : ou Flore des £lai3 bar-

haYcsques (Paris, 1881, &c. ). From the presence of a large propor-

tion of plants of central and northern Europe (none of the northern
plants, however, being of alpine or arctic type) and the absence of
southern types characteristic of the sub-tropical zone Ball concludes
that "the mountain lora'Of Morocco is a southern extension of

the European tempc.ate flora, with little or no admixture of ex-

traneous elements, but so long isolated from the neighbuuring
regions that a considerable number of new specific types have been
developed. " ' Of the individual plants none are more remarkable
than the 'ardr and the organ. The former {Callilris quadrivalvis,

Thuja articulata of Shaw) is a cypress-Uke tree that grows on the
Atlas both in Morocco and Algeria. It furnishes gum sandarach

;

J See Mourlon in Bull, de i'Acad. Boy. de Belgique, vol. xxx., 1870 ; Coqudnd,
Sull. de la Soc. Giot de France^ vol. iv. ; and especially Maw's paper appended
to Hooker and Ball'a Momcco.

> Rohlfs saya larches, but there is strong reason (o doubt this.

' Compare Dmdo, " Florlfitische Erforschong Nord-A&ika's " in FeiermaniCa
Uitthcilitngen, 1S82.

"

and its beautiful and enduring timber has been identified with the

alcrce with which the Cordova cathe.iral (mosque) was roofed, and

with the citron-wood of the ancient Romans. The argan {Argania

Sidcroxyloa) is confined even in Morocco to a tract of country extend-

ing only about 150 miles along the coast, from the river Tensift

almost to the river Siis, and about 30 miles in breadth ; and it is

found nowhere else in the world. A gnarled trunk and wide-

spreading contorted thorny branches give it a striking appeaiance.

Large specimens have a height of from 20 to 30 feet, and a girth of

25 or 26 feet. The friut, which ripens between May and August, i»

an olive-looking nut, greedily eaten by camels, mules, goats, sheep,

and homed cattle (but not by horses) for the sake of the fleshy

pericarp, and crushed by the natives to extract the oil fromtho
kernel. Though "its strong and fulsome savour " renders it nauseous

to the European palate, this oil is largely used in the cookery of

southern Morocco. The prickly pear forms one of the features

of the landscape from the coast up to the slopes of the mountains.

The cork tree, common in the time of Addison, has lost ground
enormously, though it probably forms the staple of the Ma'miira

forest, whicH extends for some 20 miles betiveen the Bii Eakrak

and the Sebii. Though not so widespread as in Algeria or some
districts of southern Europe, the palmetto is often locally very

abundant. Citrons, lemons, limes (sweet and sour), shaddocks,

mulberries, walnuts, and chestnuts are common in many parts.

Tetuan is famous for oranges, Meknes for quinces, Morocco for

pomegranates, Fez for figs, Tdfilelt and Akka for dates, Sus for

almonds, Dukalla for melons, Tagodast, Edantenan, and Rabit for

grapes, and Tarudant for olives (Cowan). The grape is extensively

cultivated ; the Jews manufacture crude but palatable wines.

Sugar, once grown in Siis, to supply the demands of the whole of

Morocco, has disappeared. Both hemp and tobacco are cultivated

under the restrictions of an imperial monopoly,—the former (of

prime quality) beirig largely used as hashisn, the latter, though
never smoked, as snuff. Barley is the most usual cereal ; but
excellent crops of wheat, maize, millet, rye, beans, pease, chick-peas,

and canary seed are also obtained. Potatoes are coming into

favour in certain districts.

It is still true, as in the time of Addison, that the Moors '
' seldom

reap more than will bring the year about," and the failure of a
single harvest causes inevitable dearth. ' Captain Colvile calculates

that not more than a hundredth part of the available land is culti-

vated at all ; and the cultivated portion possessed by each, tribe is

divided into three parts, one only of which is sown each year. With
a plough of the most primitive, description the Moorish peasant
scarcely scratches the surface of the soil ; and his harrow is a few
branches of trees weighted with heavy stones. The corn is cut clos»

to the ear with short curved knives, and the straw left standing.

Underground granaries or matamores {ma{mtlra) are constructed,

sometimes capable of holding 2000 quarters ; they preserve their

contents in good condition for many years.

There is abundant space in the country for wild animals, even of

the larger kind ; but the absence of woodland beeps them in check.

Besides the lion, which exists only la very limited numbers, and,

according to local proverbs, witi diminished courage, the spotted

leopard, the hyaena, jackal, lynx, fox, and wild boar are the
most important. The audad or wild sheep is found in the more
inaccessible parts of the Atlas. Eabbite swarm in the country to

the north of the Bti Kakrak, and since 1870 they have crossed this,

which used to be their southern limit. A kind of ground-squirrel,

the sibsib, occurs in the southern provinces. Monkeys of the same
species as those of Gibraltar frequent the neighbourhood of Jebel

Miisi or Apes' HiU. . The list of the ordinary wild birds indudes
blackbirds, goldfinches, linnets, greenfinches, robins, wagtails,

skylarks, and crested larks, as well as turtle-doves, nightingales,

and jays. The house-sparrow is not found ; between Morocco and
Mogador its place is takeu by a beautiful bird (Emberiza striolata),

locally called tabib, or "the doctor's (Leared). The stranger is

struck by the immense variety and number of hawks, and still more
by the familiar terms on which they build their nests in the walls
and rocks along with blue rock-pigeons and starlings. All through
the country the red-legged partridge is the main resource of the
sportsman, though he may also bag other varieties of partridge,

bustards, and ducks and other water-fowl. Along the coasts there

is no lack of gulls, whimbrel, oyster-catchers, &c. Every town has
its colony of storks. Lizards, chameleons, tortoises, aed frogs are
familiar objects ; it is from Morocco that the small tortoises hawked
about the streets of London are usually obtained. The profusion
of insect-life is one of the plagues of the country in the eyes of
the European ; and even the Moor, who has got reconciled to his

mosquitoes and fleas, considers the locust one of his deadliest
enemies.

The camel is the great beast of burden in Morocco, though assef

and mules are also employed. The horse, never reduced to auch
base uses, is usually a sturdv littlo animal, but far below the
ancient reputation of the Barljarr steed. Koughly broken when
young, his mouth is soon spoilea by barbarous bits, and Ids feet

by square shoes. The finest animals are said to be bred in Shiadma
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W AMa In fo.m and sue the mnles an- much superior andttey usually fetch U.o or three times tl,o price, m Luedcattle are not unlike Aldemeys ; and the sheep, for the im °o e-ment of which nothing is done, have spiral horn»V„ot unfrcquon llfc«r), rounded foreheads, and long fine wool Domcshc fowls are

JrTlio'c"
^ """''"'' '^'^ "' "^ '^'' ^i'""^"^ type. siaU and

^t^!".", 'f^^''^\
fi*"y 9«" '^P coast at Casa Blanca and Tangieraattracts fishers from Spain, J^ortugal. and other parts of Eumnr

Soles, turbot bream, bass conger ee}, and mullet are common alonstte c<Mst, and a large fish called the aslhnsa/, (rough ^ed 3^mbhng a cod). Lobsters and crayfish swarm in ^Tero^kyp^es. but the natives have no proper method of catchin" them

«M„*i',T^'' f'^'i'.^''^
^rdine, and a kind of shad kno>„ iVZ

«teiV- '"ffL \".?T^ *^ """' °f P"""*^! importance.

i.T^«t • f^,"^
"'" 1,'*?'^ orBarbary salmon, a species of shad

^ a great "idusb-y on all the principal rivers of the coast, and vaslnumber^ of the fish which are often from 6 te ]6 pounds in weightare aned and salted." They ascend from the sea^in spring lariels and a feiv other small fish swarm in the streams, but for theangler there :s little real sport.'

able. LcTm and Wagner give 6, 4 10, 000 -probably too hi4 anumber. Etunopaphically Tt consists' of thrL main elemenls-Berbers cr SiieUnt, lrat,s. and Jews-with a large infusion of NegroWood ana a sprpKlmg of Negro individuals.^ A distinctiori"sometimes drawn oetween the country Arab and the city ' Moor "
as be w called p^r excellence

; but the difference bet^veJn them is

tZ^.r
'° "' "^

"K'^"
"'"'"81' the " Moor ' has probablv absorbed

^„^v ''^'^P. °J
heterogeneous elements) as of method of lifeand the superficial physical results of the same. The Berbers aretheongmal occupants of the country (as may be proved A th'eaucient words preservea by classical writers), and tLy stilffoim^t on.y the most numerous but the most industrious and civUizable

l^tT, .1'?'% !*"'•' ^^^-^'""^ -''^ by preference a dwellerw tents, tho fierber for the most part buUds himself houses of stone

=J.l V I "^^'^C^^ 4'"^''" "« predominant in the lowlandsand the Berbers m the hilly districts and mountains.
Greatly corrupted, even in the time of Ibn Khaldun, the Arabicof Morocco has nou, vnth the complete decay of literakiTe, reacheda state c. extreme degradation. Of the Schilha dialects very little

IS known but everything goes to prove their general philological
i^eemejit with the better-investigated representative of the Ber-
ber. The Jews are the great commercial class in the community
Ihev are usually said to number about 150,000 to 200,000 butBohlfs (PeknrMnn-3 MitOi., 1S83) shows reason to suppose' thatthev do not exceed 62,800. Having come largely from Sp^, they
atil] use among themselves a corrupt Spanish.^

That at one time Morocco was a much more populous countrv isevident from the description of Leo Africanus, though even inhistoe the number of I'uined or decaying toivns was very great.Besides Jangiers, Larash, Sallee, and the other places on tlie coast

^Z/f tf"'''^' '^-^a™ o»'-V a few large cities in the country.Four of these-FEZ (q.v.) Meknes or Mequinez (^.t-. ), Wazan, aridTeza-aie in the basm of the Sebii. On the Zarhun range, northoTMeknes lies thetownofMuleyEdrisorZarhdn, which no Chri<^tian^ allowed to enter, though in ISOl Jackson did manage to pay ainrried visit. According to Captain Trotter, who got uithin tVee-

MOROCCO
Illoc, &c.) 100 miles south-south-east on a stream which loins WfSlossa IS the chief town of Tazerwalt or the statV of S di Hishattan independent pruicipality founded by S.di Ahmed ,M„'^ andAuguilnnu (Gulemin or Glimiu), m like manner, is the SVounof the state of "Abd Allah u .Salem, o,, as u is u.uaHv illcJ b?Luroj,eans. Wad Nun. Tagawost (Tagaost of Ibn Kt»W,„,*

fn thel«^r''''%'"'^'',''
'™" ^'''' ^-^^ '-""Va arge atv andin the 16th century the seat of a Spanish factory trading in arcWIThroughout Morocco the nomenclature of ordLrTmal, rives avery misleading Idea of the number of inliabited sites'^ do'the seeming vjll^ges are either market-places, complete y deserted

t^X^^T'^'^^^'^'^ °' *''« *°'"''^ °^^^'"t« witl^pos^bly not ahou.se in the vicinity, or stations for caravans, with a smaU company of soldiers. The markets are named after "he davs of fv";
weet-, as Sik al Thalathd. Tuesday market ; the kubbas fr Lines'

Twl V T'^"^ ^'' '! *" ^°'^^ ^"<='> corruption as Inzella,The prehistoric anti-iuities of Morocco are of considerable iuterestIn a cave at Cape Spanel M. Tissot found regularly shape(Ta?row"heads and in his travels through the north of the ™unSy heTei
Th«Ml"'"'' ^"TP '"'' ^'""'lechs, just as in Algeria oVTuSs
wA"'"?' pual y form a trapezium, Ind the dead body seems tohave been buned with the knees drawn up to the chir At Jho-ah

rouTl^ks'^or
'"',"'''

t'^'^'f -idefv-scitteriThoufes bun'ofrough b ocks of yeUojv soft na3t^„,_ ^i ^^ ^^ ^^^^ ^^^^^_

quarters ofamile, it is a place of a'pparently'iMO to loOO inhabitants'
al large buildings. Wazan (Rohlfs's Wesan)i3

compact and With several ...g. >.u^>^g=. „ azan (tvoniis's « esanlisptr excellence a_^cred city, being the seat of a sherif, whose influeuce
IS even more widely acknowledged than that of the sultan. It was

F? i«7?n'*'^!'J
^""^ ^ ™^" '"'^'^g^ ^y J^'"lfy '^^d Alldh al-Sherif

(06. 1675). At present it is one of the cleanest and best-kept placesin the empire. Teza (Taza) is a considerable trading centre on the
ronta betwe™ Fez and th» Algerian frontier. Le?, AU Bey, and
Bohlfs aOTee in describing it as a place of great beauty, emboweredM orchards, and the houses give evidence of wealth. The population
in Leo s time 20 000, is now 6000, of whom 800 are Jews. About
120 miles east of Teza, and only 10 from the frontier, is Wajda
(Ouchda of the French), clean and neat, in the midst of an orange
.Rrove. Iho only other inland town of importance is Kasr al-kebir
fsoe Aloazar Keeih), the Oppidum Noram of the Romans, which
except on market-days, wears a look of great decay. In all thecountry between the basin of the Sebii and th'j Tensift, a distance
of upwards of 200 miles, there is nothing that a European would
consider a town

; and Morocco itself is the only really large city of
«)uth Morocco. Tiriidant, the capital of Sus, lies betVveen the
Atlas and the nyer

; it is a place of from 30,000 to 40,000 inhabit-
ants, has recently been garrisoned and refortified by the sultan,
and may be considered the frontier city of his empire. Iligh (Ilir,

s„*i.*
BCientlflo list of some thirty or forty fishes ft-om Morocco \rtU bo found

^tma RMhi Stoie
'
"' ""^"""'"Of angling experiences in Pajton, Mosses

« The evidence for the existence of a tribe of warlike Jews In the Interior
*e«ii8 oil the whole t6 the Bositlvo side.

" "• ou= mi«rior
j

ZlrmL^e^Lf^'f, " f°"V^ "^g^""^" monuments7 X.

A^'huf^ ^ r fK ^^."^ ^"'^ ^^^^ ^'^'t^'l and described by SirAr.hur de Capeli Brooke (1830), Davidson (1835), Fariey (1860^

a cMe of i'?v sL'.'^r'"'' ?^
^''' ^'^h) of yeUow sandstone liesa circle of sixty-seven large stones, one of which (at the west sidel

someTf riin'" ^",S^¥- J" *•« "°"^'^' ^'^ several oiherlioup

^T.f }l
^ FI ^^^'^^. ^'""^° ™^''^ 5'='=" to have run from Tan

fhe outh o?'r,1 t"
^''7^^'^bourhood of Meknes, and from l"iU ?o

hv cnn,;i w '
^"^ ^?"^" ^'*^^ "« i° =^^"^1 instances markedby considerable remains of masonry. At Kasr Far.Vdn (Pharaoh'scastle), on the western slope of J. Zarhdn, are the ruins of VofubilL

InOOot'etTlTY "l^^'S^ ^'°°^ ^'^'l ^^^''^'i ^y round towet
fJ,l\lJ I ^''l™.*-

^'"^ S^^^ ""'^ still reco^zable, and a

DoZ? Th /'''*1i?-^^^ ^;"- ^ ^""""^ of Cara^calla and Julia

(Coloma .fflia, ori^nally Valfntia) is identified with the ruins of Sidi

tJ^T^L >,'

^"^'^ Thamusida with those of Sidi Ali b. Ham^At Tchemmish up the nver from Larash, the city of Lixus (Trinx

worlf^^A^v,"'
'.^f'./P'^'^'iid specimens of Punic ind Roman st^

ZSkkk ^ similar remams on the headland of Muli Bu Selhain

?rS ^H
°°^ }° *^' i^delacha of Polybius. Of early Moorish

trvpH 1." .g°°l^-^^°!Pl?? are comparatively few, and tadly pre-

tJ ^tt""'' ^^°f "" ^''- ^''^^'' and ilorocci, it is sulEcfent

a? ?hS »°°Jl •T^"?.°i'!l"" °{^^-' Beni-Meria (13th to 16th centurie..)
at bheUa, which, with the adjoining mosque, is roofless and ruined,but possesses a number ofvaluable inscriptions (see Alhev^m, 1876)The present state ol Morocco is deplorable. The govemiient isan Uuental despotism under an independent quasLhereditary sul tan
there are no admuiistrative functionaries with definite responsibilityand regular salary

; the distriburion of justice is utterly arbitran?.and the punishments often barbarous in the extreme /education
ui the European sense of the word, there is none ; foreign commerc^
is hampered by vexatious prohibitions and restrictions, iiternal tradeby the almost complete absence of roads and bridges, and by the
generally lawless state of the country (the very poa^nt has hisgnn
beside him as he ploughs) ; the only substitute for a postal systemu a class of running couriers; and even the army (in which the sultan
does take an interest) is only just beginning to show signs of disci-
pline and effectiveness under the supervision of Kaid M'Qean and
other foreign officers. The last remnants of the once powerful
Moorish fleet are rottmg beyond recognition in the harbour of Larash.VMth good government and freedom of trade the country might
soon be restored to a high state of prosperity : its climate, soil,
products, and the quaUties of its predominant population are full
of promise; and tie evident decrease of hosriUty towards the
unristian, which nay be observed since the beginning of the cen-
tury, and especially within recent years, gives hope that European
influence, apart from Enropean conquest, may before long remove
Irom Morocco the reproach of being "the China of the 'West," the
most backward and barbarous of civilised nations.
Mistonj.—Morocco corresponds to the Roman Mauretania Tingi-

tana (ses Madretauia). Conquered by the Vandals (429 a. D).
Mauretania was recovered to the Eastern Empire by Belisirius.
Iho Arabs first penetrated into the country under 'Okba {supra,
p. j67), but the Berbers opposed an obstinate resistance to Islam,
and theu- conversion and subjection to the caliphate was only com-
pleted in the reign of Walid by Musd b. Nosair, the conqueror ofSpam {supra, p. 573). The dominion of th«' caliphs was of short
duration

;
the Abbdsids had very little hold of the Berber countries,

and in the 9th century, while the Aghlabitcs were practically inde-
pendent at Jvau-awin, the regions west of the salt marsh of Sebkha
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al-Hodna were autonomous under a number of indigenous or foreign
yirinces. The diief of these principalities were that of the Idiisites

at Fez {supra, p. 681), the kingdom of Tahart, and that of Kakiir.

In the first years of the 10th century the Fatimite caliphs, at the
head of the powerful Berber tribe of Ketama, overthrew the AgUa-
bites, thus putting an end for ever to Arab rule in North Africa,

and rapidly extended their empire to the Atlantic. When the Fati-

mites established themselves in Egypt, the Zirid dj-nasty reigned as
their vassals in the west, and maintained themselves with varying
fortunes till the rise of the great empire of the Almoravides (q.v.),

who yielded iu turn to the Almohades (,q.v.). The latter djTiasty

was extinguished by the princes of the Beni-Merin, whose chief,

Ya'kub b. 'AM al-Hakk, captured Morocco in 1269 a.d. The sub-
sequent history of Morocco and Fez under the Mcrinids and their

successors presents little interest, being as full of internecine wars,

contested successions, fratricides, general bloodshed, and barbarities

as it is empty of all indications of an advance in civilization. As
regards the relations of the country to European nations, four periods
maybe distinguished—(1) a period lasting down to the close'cf the
14th century, when the Moorish potentates were still the most pro-
minenfrepresentatives of aggressive Mohammedanism

; (2) a period
during which the Portuguese and-^paniards, having expelled their

invaders, made vigorous reprisals and obtained possession of many
towns on the coast of Morocco' ; (3) a period in which these iiations,

disheartened by the disastrous defeat in the Battle of the Three
Kings (1579), allowed the Moors to recover much of the ground
they had lost, and to become, by their piracies and defiance of inter-

national law, an object if not of terror yet of apprehension and
irritation ; and (4) a period in which the pr^tiga of this after-

glow of greatness has gradually died out.

The following arc the more noteworthy events in the Moorish
annals since the beginning of the 15th century.

1415. Ceuta captured by the Portuguese. 1436. First expedition

against Tangiers by Don Duarte ; capture of Don Fernando, who
died in exile in 1459 (it was proposed to ransoia him by cession of

Ceuta, but the pope objected). 1J59. Capture of Alcazar Seguir.

1471. Capture of Tangiers. 1510-1540. Else of the dynasty of the
Sherifs. 1577. Edmond Hogan sent by Queen Elizabeth of England
to Muley'Abd al-Melek (see Report in Hakluyt). 1578. Defeat of

King Sebastian (see Iieared, Visit to Court of Morocco, appendix).

1585. Founding of the Company of Barbary Merchants (earls ofWar-
wick, Leicester, &c. ) in London ; Elizabeth's second ambassador
Henry Roberts well received. 1610. The Moors from Spain settle

partly at Rabat, &c., and prove troublesome. 1G49. Muley Zidau
sends to King Charles L requesting him to attack Sallee by sea.

About this time Ali Sherif of Yanbo, near Medina, is recognized as

ruler of Tafilelt, and gradually of the rest of the empire except the

city of Morocco ; with him commences the dynasty of the Aiides

;

on his death his sons, Mohammed and Arshid, dispute the succes-

sion, 1662. Tangiers (Portuguese since 1471) becomes ai English

possession as part of the dowry of Catherine of Braganza. 166'4-1672.

Keign of Arshid, a warlike, active, and cruel prince, who was the

first to take the title of sultan. 1672-1727. Reigu of Ishmael, who
in ability and ferocity completely outdid his brother Arshid, and

supported his throne by an enormous army of slaves from the

Sudin. 1678. Great plague ; ambassadors sent to Louis XIV.
to ask the hand of Mademoiselle Blois, the king's natural daughter.

1682. "The sultan sends two lions to the king of England. 1684.

Sir Cloudesley Shovel defends British interests on the coast ; with-

drawal of the English from Tangiers. 1687. Capture of Larash from

the Spaniards. 1694. Siege of Ceuta. 1725. Thomas Betton, who
had been a slave in Morocco, left £13,000, the half of his fortune,

for the ransom of British captives in that country. 1727-1730.

Disputed succession." 1757-1789. Reign of Mohammed. 1778.

Locusts. 1780. Great famine ; Agadir opened to the Dutch. 1794-

1822. Reign of Soliman; abolition of Christian slavery in Morocco ;

suppression of piracy. 1822-1859. Reign of Abd er Rahman

;

rupture with Spain on account of the decapitation of Consul Darmon
for the wounding of a Moor. 1844. Defeat of forces sent to assist

'Abd al-Kader iu Algiers ; bombardment of Tangiers and Mogador

by the prince de Joinville ; rout of the Moorish forces in the battle

of Isly; and peace of Tangiers. 1845. Kaval demonstration -.at

Tangiers and ratification of treaty ; surrender to Spain of disputed

territory at Ceuta. 1853. Establishment of a customs line and

regular military posts along the Algerian frontier. 1856. English

commercial treaty by which no duty shall exceed 10 per cent, of

the value of the wares. 1859-1873. Reign of Mohammed ; Spanish

invasion. 1860. Decisive battle between General O'DonneU and

the Moors near Tetuan (March). By the treaty of Tetuan Morocco

was to pay 20,000/000 piastres to Spain, to surrender territory at

Santa Cruz de Mar PequeQa for a commercial establishment, and to

allow the Spanish missionaries to have a house at Fez like that

which they had at Tangiers. Money oot being obtainable to pay

the indemnity, the Spaniards obtained control of the customs for

a.term of years. 1864. Decree permitting Europeans to trade in

any part'of the empire. 1873. Accession of Hasan. 1880. English

x«basBy for improvement of conmiercial relations ; conference at

Madrid to define the rights of European representatives in regard
to the protection afforded by them to subjects of the sulfan ; num-
ber of proKgis limited to three. 1882. Expedition to subdue Sid
Hosein of lUgh. 1833. Protest of the English Government against
the slave trade in Morocco.

Lists of works in regard to Morocco will be fonnd in Reaon, Bwcrfjit. jfogr.
rfe rnny. it Maroc, Paris, 1846, forming part of L'explor. scUnl. de VAlgmt ;
in Bol. de te Sm. geogr. de Madrid, 1877, 1878; and in Rlvhta Contemporanea,
Madrid, 1881. Besides Renou's Description—a masterly criticism of all previou»
geop-aphical material—the following may be mentioned :—Ibn Klialdiin, Mist,
dcs Jkrbircs <tr. by Baron de Blane) ; Leo Africanua, Descript. AJricre ; Diego de
Torres, Origen y sucesso de los Xarijea . . . d« Marrucoos, A'C, 1585 ; ^lannol,
Descr. de VAfrique, 1G67 ; Faria y Sousa, Africa Portuguesa, Lisbon, IBSl ; Addi-
son, Account of West Barlary, lUH (Pinkerton's CoU., XV.) ; Chenier, PMh. hist.
S!ir Us ilaures, 1787 ; Jackson, Account of the Emp. of Morocco, 1809, apd Tim-
buclao and Bousa, 1820 ; Drommond Hay, Western Barbary, 1S44 ; John Dand-
son, Nvlcs taken dtcring Travels in Africa, 1839 ; De Aguirra, Expedicion al Rif,
1853 : Mrs. E. Murray, Sixteen Years in Morocco, Spain, Ac, 1659 ; Richardson,
Trav. in Morocco, 1860 ; Maltmn, Drel Jahren im Nordicesten von Afrika, 1868
(4 vols.) ; Rohlfs, Jteise durch Marokko, Bremen, 18CS ; Fritsch in " Mittheil. d.
Vereins fiir Erdk.," Halle, 1878 ; Leared, Morocco and the Moors, 1875, and Visit
to the Court of Morocco, 1879; De Amici's Morocco, Milan, 1878—a very graphic
sketch, which has been deservedly translated into Knglisb, French, German,
Ac. : Tissot, Jiech. sur la gtogr. comparce de la Mauritanie Tingitane, 1877 ; Cas-
tellanos, Ucscr. hist, de Mamtecos, Santiago, 1878 ; Hooker and ^U, Morocto
aiul the Great Atlas, 1878 ; Gatell, Kiojcs por Marruecos, 1879 ; Payton, Mosse*
from a JSoIling Stone, 1S79; Liana y RodrigaBez, El imp. de Marrtucos, 1880;
Watson, A Visit to Waran, 1S80; -Trotter, Mission to the Court of Marocco, 1881;
Cowan and Johnstone, Moorish Lotus Leaves, 1882.

Morocco, or Marocco (Marrdkush), one of the quasi-

capitala of the sultanate (Fez and Meknes being the other
two), lies in a spacious plain about 15 miles from the

northern underfaUs of the Atlas, and 90 miles east-south-

east of §affi, at a height variously estimated as 1639
feet (Hooker and Ball), 1410 (Beaumier), and 1500
(Leared). Banking during the early centuries of its exist-

ence as one of the greatest and most flourishing cities of

lolam, Morocco has long been in a state of grievous decay;

and were it not for the exceptional beauty of its situation,

the luxuriant groves and gardens by which it is encom-
passed and interspersed, and the magnificent outlook which
it enjoys towards the mountains, it would be altogether a
very miserable place. The wal^ 25 or 30 feet high, and
relieved by square towers at intervals of 360 feet, is so

dilapidated that foot-passengers, and iu places even horse-

men, can find their way in and out through the' breaches.

Open spaces of great extent are numerous enough within

the walls, but for the most part they are defaced by
mounds of rubbish and putrid refuse. With the exception

of the tower of the KutubIa Mosque and a certain archway

which was brought in pieces from Spain, there is not, it is

asserted, a single stone building in the cityj and even

bricks (though the local manufacture is of excellent quality)

are sparingly employed. Tdhiya, or pounded clay, is the

almost universal material, and the houses are consequently

seldom raised more than two stories in height. The palace

of the sultan covers an extensive area, and has its parks

and gardens enclosed by walls similar to those of the city

proper, but is architecturally quite insignificant. In the

whole of Morocco the tower of the Kutubfa alone is a worthy

memorial of the constructive genius of the earlyMoors ; both

it and the similar tower of Hasan at"Rab4t are after the type

of the Giralda at Seville, and, if tradition may be trusted,

all three were designed by the same architect J4bir. The

mosque to which the tower belongs is a large brick build-

ing erected })y 'Abd al-Mumen; the interior is adorned

with marble pUlars, and the wholS of the cr3rpt is occupied

by a vast cistern excavated by Mansiir. Other mosques of

some note are those of Ibn Yiisuf, Al-Mansilr, and Al-!Mo"izz

;

the chapel of Sidi Bel Abbas, in the extreme north of the

city, possesses property to the value of £200,000, and

serves as a great almshouse and asylum. As in most other

towns throughout Morocco, there is a special Jews' quarter

walled offfrom the rest. The general population is of a very

mixed and turbulent kind ; crimes of violence are extremely

common, and there are countless varieties of the profes-

sional thief. Almost the only manufacture extensively

prosecuted is that of Morocco leather, mainly red and

yellow, about 1500 men being employed as tanners and

shoemakers. The city was founded in 1062 by Yiisuf b.
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Tdsheffn. Before it was more than a htmdred years old it

is said to have had 700,000 inhabitants, but at present the

total number probably does not exceed 60,000 or 60,000.

See Leo Africanus; Lambert's detailed description in Bid. df la

Soc. de giogr., Paris, 1865; and Dr Leared's rifad,mf.nt/> of Lam-
bert. Lambert's plan of Morocco is reproduced with some additions

by Dr Leared; and another may be found in Gatell. (H. A. W.)

MOEON, or Moron de la Feonteea, a town of Spain,

in the province of Seville, about 32 miles to the south-

east of that city, occupies an irregular site upon broken

chalk hillocks at a distance of a nule and a half from the

right bank of the Guadaira. It is connected by rail with

Utrera on the Cadiz and Seville line. On the highest

elevation to the eastward are the ruins of the ancient

castle, of considerable importance during the Moorish

period, and afterwards used as a palace by the counts of

Ureiia. In 1810-11 it was fortified by the French, bnt

blown up by them in the following year. The chief public

building of Moron is the large parish church, which dates

from the 1 6th century, but presents no noteworthy features.

The fine district between Moron and the Serrania de

Ronda is largely occupied by olive plantations, and the

trade in oil and other agricultural produce forms the chief

industry of the town. ^loron is also famous throughout

Spain for its chalk (cal de Moron), from wh5ch the white-

wash extensively used in the Peninsula is derived. The
population of the to^vn was 14,879 in 1878.

MORONI, GiAJiBATTisTA {c. 1510-1578), an eminent

portraif^painter of the Yeaetian school, was born at Albino

near Bergamo about 1510. and became a pupil of Bonvicino

named II Moretto. Beyond the record of his works very

few particulars regarding him have reached us. Titian,

under whom also Moroni, while still very young, is said

to have studied (but this appears hardly probable), had

at any rate a high opinion of his powers ; he said that

Moroni made his portraits " living " or " actual " {veri).

And if the magnates of Bergamo came to the great Vene-

tian for their likenesses he advised them to go to their

own coimtryman. In truthful and animated portraitiu-e

lilorcni ranks near Titian himself. His portraits do not

indeed attain to a majestic monumental character ; but

they are fuU of straightforward life and individuality,

with genuine unforced choice of attitude, and excellent

texture and arrangement of draperies. There is a certaiu

tendency to a violet tint in the flesh, and the drawing

and action of the hands are not first-rate. As leading

samples of his portraits may be mentioned—in the Uffizi

GJallery, Florence, the Nobleman pointing to a Flame, io-

scribed " Et quid volo nisi ut ardlat ? " ; in the National

Gallery, London, the portraits of a Tailor, a member "of

the Fenaroli family. Canon Ludovico de' Terzi, and others

;

in the Berlin Gallery, his own portrait ; and in Stafford

House, the seated half-figure of the Jesuit Ercole Tasso,

currently termed " Titian's Schoolmaster "—not as indicat-

ing any real connexion between the sitter and Titian,

but only the consummate excellence of the work. Besides

Ms portraits, Moroni painted, from youth to his latest

days, the ordinary roimd of sacred compositions ; but in

these he falls below his master II Moretto, and his design,

which partakes more of the Lombard or Milanese stylo

than of the Venetian, has at times some of the dryness of

the quattrocento. One of the best is the Coronation of the

Virgin in S. Alessandro della Croce, Bergamo ; also in the

Cathedral of Verona, Sts Peter and Paul, and in the Brera

of !Milan, the Assumption of the Virgin. Moroni was
engaged upon a Last Judgment in the church of Corlago

when he died on 5th February 1578.

MOROSI>U, the name of a noble Venetian family.

According to the best authorities, Cappellari and Bar-

baro, there would seem to have been two families of that

name, distinguishing themselves by the variation of the.r

shield. The one came from Mantua at the time of Attila o

invasion, and bore or, a fess azure. The other came frou
Ulyria in the 7th century ; they bore or, a bend azur.'.

However that may be, nothing authentic is known of tl e

Morosini till we find them settled as one family in Venif.'

during the 8th century. The Morosini belong to the Ca.j
Vecchie, or twenty-four families of Venetian nobility wl o

were descended from the tribunes of the confederate islam /s

before Venice became united in one centre at Rialto. Tl e
10th century was a period of danger for the family. Thi y
became involved in a blood feud with another noble hous (,

the Caloprini, who were Ghibelline in politics, and reliid

upon the emperor Otto for support. "The Morosini, hoif-

ever, proved the stronger, thanks to their popularity ; aid
the year 991 saw them victorious through the deposition

of the doge Memo, who had favoured their enemies. The
Morosini engaged in commerce with the East, and in

the 14th century two brothers of the family, Alban and
Marco, founded a house at Aleppo with branches in

Damascus, Beyriit, and elsewhere in Syria. The wealth

and importance of the family may be gathered from thp

fact that in 1379 no less than fifty-nine Morosini subscribed

towards the fund for carrying on the war of Chioggia. The
house of ^lorosini gave four doges to Venice, and numbered
among its honours two royal marriages, two cardinals,

twenty-four procurators of St Mark, besides numerous
generals of the republic. The Morosini continued to

flourish till the opening of the last century, when the

family began to decline ; it is now represented by one sur-

viving member.
Among the more distinguished members of the house

must be mentioned :—Giovanni, who in 982 founded the

monastic establishment on S. Giorgio Maggiore after the

order of St Benedict; Domenico, doge 1148-1156—in

the third year of his reign Pola and Istria, which had
rebelled, were reconquered; Marino, doge 1249-1252,

during "whose reign the Inquisition, in a modified form and
under the surveiUance of Venetian oflicers, was introduced

into Venice for the first time. In this same century (1290)
Tommasina Morosini, the sister of Albertino il Grande,
married Stephen, prince of Htmgary. Their son Andrew
succeeded to the throne, and was directed in his govern-

ment by his uncle Albertino, on whom he conferred the

dukedom of Slavonia and the county of Morlacchia. A
cousin of Tommasina, Costanza, married Ladislaus, king oC

Servia. In 1382 Michele Morosini was elected doge.

He had acquired a large fortune and a reputation for

astuteness by buying Venetian property while the Genoese

were still in Chioggia ; and much was expected of him in

the restoration of his country's finance when that war
came to an end. But he died the year of his election.

Andrea Morosini the historian was bom in 1558. He
studied at Padua, and on coming of age embarked on

public life. He passed through the various offices of

state, tiU in 1618 he was a candidate for the dogeship,

but failed to secure it, and died the same year. On the

death of the official historian Paolo Paruta, in 1598,

Andrea was commissioned by the Council of Ten to con-

tinue his work, and received authority to consult the state

papers down to 1 594. He wrote his history in Latin. It

covers from 1521 to 1615, and was first published in

Venice, 1623.

Andrea's othorworks, ofwhich only the firsthas been edited, are;—
(1) Vimprese al cspedilioni lii Term Santa e Vacqvisto fatto delF

hnpfrio di CostanlinopoH dulla Screnissinui Republica di Venetia,

Venice, 1627 ; (2) De lis qus Ferula Respij-blica ad Istrw oras gesJtU

aJvcrsiiS Othoncm Fedtrici h pcralorw jilium, in the Comer-Duodo
collection of MSS. ; (3) Defur.na reipublicai Fenctse, ii> the National

Library, Paris; (4) Raccoltit delle Leggi del Cons. X., in the

Archivio Generale at the Frari, Venice
; (5) De rebus gestis ac nece
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Prancisci Carmaniolm, in the Comer-Dnodo raUfctJon. The Kfe or

Andrea has been written by Luigi LoUin, bishop of BeUnno (1623),

by Niccolo Crasso (1621), and by Antonio Palazzoli (1620).

The most distinguished member of the house of Morosini

was Francesco, the captain-general of the republic against

the Turks and conqueror of the Morea. He was bom in

1618. In 1666 he was in command during an unfortunate

isampaign in Candia. In 1687 he conquered Patras, and

to opened the Morea to the Venetian arms. In the follow-

ing year he was elected doge. After his return to Venice

lie republic suffered severely in Candia, and though now
«n old man Francesco took the field again in 1693, but

ilied the next year at I^auplia, seventy-six years of age. A
iaore detailed account of bis exploits will be found in the

article Venice.
Authorities.—Barbaro, CfenealogCe delU Famiglie PatrizU VmeU,

5iIS. , clas. viL cod. dccccKXVu. , in the Marcian Library, Venice ;

Oappellari, Campidoglio Vmeto, MS., clas. viL cod. xvii, in the

same library , Bomanin, Storia documentata di Veiiezia : fVeschot,

La Nobiltd Vaieta ; Cicogna, JscrisUme Veneziane.

MORPETH, a municipal and parliamentary borough of

Sonhumberland, England, is situated in a fine valley on
the Wansbeck, and on the North-Eastem Railway, 50 miles

south of Berwick and 16 north of Newcastle. ITie Wans-
beck, which is crossed by a stone and two wooden bridges,

winds round Jhe town on the west, south, and east, and
a small rivulet, the Cottingbum, bounds it on the north.

Morpeth is irregularly buUt, but possesses a number of

good shops. The parish church of the Blessed Virgin, a
plain building of the 14th century, is situated on Kirk Hill,

a short distance from the town. Among the other public

buiidingB are tha Edward VL's grammar school, reopened

in 1857 after a Chancery suit lasting 150 years ; the tcwn-
haJl, erected in 1870 to supersede a building of 1714 by
Vanbrugh; and the county-hall and former gaol, in the
baronial style, bmlt in 1814. Nothing remains of the old

castle except the gateway. Morpeth had at one time one of

the largest cattle-markets in England. The industries of

the town include tanning, brewing, maltiag, iron and brass

founding, and the manufacture of flannels, agricultural

implements, and bricks and tiles. The population of the

municipal borough (231 acres) in 1871 was 4517, and in

1881 it was 4556. The population of the parliamentary
borough (17,085 acres) in the same years was 30,239 and
33,459.

Morpeth {Morepaih, i.e., the path over \he moor) had attained
some size before the Norman Conquest, when it was granted to
William de Merlay. PVom the De Jlerlays it passed through the
Greystocks and Dacres to the Howards, earls of CarJisle. Soon
after the Conquest it obtained the privilege of a market, and
in 1552 arms were granted to it by Edward VI. It is a borough
by prescription, and was incorporated by Charles IL By the
Municipal Act of 1835 the government was placed in a mayor and
burgesses, but there is a local board of health distinct from the
corporation, havirg control over an area elishtly larger than that
of the miinicipal borough. From 1553 the borough sent two
members to parliament, but since 1832 only one member has been
returned, and in 1S68 the area of the borough waa inciieased.

MORPHEUS is a personification, apparently invented
by Ovid {Metam., xL 635), of the power that calls up
shapes before the fancy of a dreamer. The name (from
fioptpij) expresses this function ; Ovid translates it artifen

simulatorque figurse. Morpheus is naturally represented
as the son of Sleep (Somniis).

MORPHIA. See Opium.

MOEPHOLOaY
THE .term Morphology (/wp^, form), introduced by

Qoethe to denote the study of the unity of type in

organic form (for which the Linnaean term Metajiokphosis
{q.v.) had formerly been employed), now usually covers

the entire science of organic form, and will be employed
in this more comprehensive sense in the present article.

• § 1. Ilistoriail Outline..—II we disregard such vague
likenesses as those expressed Va. the popular classifications

of plants by size into herbs, shrubs, and trees, or of

terrestrial animals by habit into beasts and creeping

things, the history of morphology commences with Aris-

totle. Founder of comparative anatomy and taxonomy,
he established eight great divisions (to which are ap-

pended certain minor groups)

—

Viviparous Quadrupeds,

Birds, Oviparous Quadrupeds and Apoda, Fishes, Ma-
laJcia, Malacostraca, Enioma, and Ostracodermata— dis-

tinguishing the first four grojips as Enaima ("with
blood") from the remaining foiu- as Anaima ("blood-

less"). In these two divisions we recognize the Ver-

tebrata and Invertebrata of Lamarck, vihile the eight

groups are identical with the Mammals, Birds, ReptUes,

Fishes, the Cephalopods, Crustaceans, other Articulates,

and Testaceans of recent zoology. Far, too, from com-
mitting the mistake often attributed to him of reckoning

Bats as Birds, or Cetaceans as Fishes, he discerned the

true affinities of both, and erected the latter into a spe-

cial yei-os beside the Viviparous Quadrupeds, far more on
account of their absence of limbs than of their aquatic

habit. Not only is his method inductive, and, as in

modem systems, his groups natural, i.e., founded on the

aggregate of known characters, but he foreshadows such

generalizations as those of the correlation of organs, and
of the progress of development from a general to a special

form, long afterwards ostabliahed by Cuvier and Von
Bae: rsspectively. In the correspondence he auggeata '

between the scales of Fishes and the feathers of Birds, or
in that hinted at between the fins of Fiiihes and the limbs
of Quadrupeds, the idea of homology too is nascent ; and
from the compilation of his disciple Nieolaus of Damascus,
who regards leaves as imperfectly-developed fruits, he seems
almost to have anticipated the idea of the metamorphosis
of plants. In short, we find a knowledge of structural

facts and a comparative freedom from the errors induced
by physiological resemblance, of which his successors such
as Theophrastus and Phny, generally mere classifiers by
habit, show little trace, and which the modems have but
slowly r^ained. Little indeed can be recorded until the
13th century, when the reappearance of Aristotle's works
gave a new impulse to the study of organic nature. Of
the works of this period that of Albertus Magnus is far

the most important ; but they are all no more than re-

vivals of Aristotle, marking the reappearance of scientific

method and the reawakening of interest in and sympathy
with nature. Meanwhile leech and apothecary, alchemist
and witch, were accumulating considerable knowledge of

plants, which, after the invention of printing, became
collected and extended in the descriptive and weU-illus-

trated folios of Gesner and his successors, Fuchs, Lobel,

and others, as weU as by the establishment of botanic

gardens and scientific academies, while, as Sachs expresses

it, " in the sharpest contrast to the naive empircism of tlie

German fathers of botany came their Italian contemporary
Coisalpinus, as the thinker of the vegetable world," Both
made systematic efibrts,—the Germans vaguely seeking for

natural afiinities in mere similarities of habit, the Italian

with no inconsiderable success striving towards an intel-

lectual basis of classification. Monographs on groups of

plants and animals frequently appeared, those of Belon on
Birds and Rondelet on Fishes being among the earliest ; and
in the former of these (1555) we find a comparison of the
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skeletons of Bird and Man in the same posture and as

nearly as possible bone for bone,—an idea Tvliich, despite

the contempbraneous renaissance of human anatomy ini-

tiated by Vesalius, disappeared for centuries, unappreciated

save by the surgeon Ambroise Par6. Palissy, like Leonardo

before him, discerned the true nature of fossils ; and such

flashes of morphological insight continued to appear from

time to time during the 17th century. Thus, Joachim

Jung recognized " the distinction between root and stem,

the difference between leaves and foliaceous branches, the

transition from the ordinary leaves to ths folia Jloris," and
Harvey anticipated the generalizations of modem embryo-

logy by his researches on development and his theory of

epigenesis.

The encyclopaedic period of which Gesner is the highest

representative was continued by Aldiovandi, Jonston,

and others in the 17th century, but, aided powerfully by
the Baconian movement, then profoundly influencing all

scientific r-ir.ds, it developed rapidly into one of genuinely

systematic aim. At this stage of progress by far the most
important part was taken by Johu Kay, whose classificatcry

labours both among plants and animals were crowned with

marvellous success. He first definitely expelled the fabulous

monstere and prodigies of which the encyclopaedists had
faithfully handed on the tradition from medisval times,

and, like his predecessor Morison, classifying in a truly

modern spirit by anatomical characters, he succeeded,

particularly among plants, in distinguisMng many natural

groups, for which his very terms sometimes survive, e.^.,

Dicotyledons and Monocotyledons, Umbelliferae and Legu-
minosae. The true precursor of Linnaeus, he introduced

the' idea of species in natural history, afterwards to become
80 rigid, and reformed the practice of definition and termino-

logy. Of the many works which followed up 'Ra.y's

systematic and monographic labours, though often, like

tiiose of Toumefort and Eivinus, K^aumur and Klein, of

great importance, none can be even named until we come
to those of his great successor Linnaeus, whose extraordinary

grasp of logical method and unparalleled lucidity of thought

and expression enabled him to reform and reorganize the

whole labours of his predecessors into a compact and
definite "systema nature." The v§ry genius of order,

he established modem taxonomy (see Biology), not only

by the introduction of the binomial nomenclature and the

renovation o.f descriptive terminology and method, but

by the subordination of the species—henceforth clearly

defined—under the successive higher categories of genus,

order, and class, so finally reconciling the analytic and
synthetic tendencies of his predecessor. Although the

classification of plants by the number of their essential

organs (which vastly advanced not only the cultivation of

botany but the knowledge of the flora of the globe, and
by which he is popularly remembered) is highly artificial,

it must be remembered that this artificiality is after all

only a question of degree, and that he not only distinctly

recognized its provisional character but collected and ex-

tended those fragments of the natural system with which

Jussieu soon afterwards commenced to build. His classi-

fication of animals, too, was largely natural, and, though

on the whole ho unfortunately lent his authority to main-

tain " that disastrous philosophic and scieatifio aberration
"

inherited from the alchemists through the last encyclopaedist

of GJesner's school—the notion-of three kingdoms of nature

—he at lecst at one time discerned the fundamental unity

of animals and vegetables, and united them in opposition to

the non-living world as Organieata. At the same time he

was still far more a scholastic naturalist than a modem in-

vestigator, and his works represent little more than the full

completion of the ancient era, and in the hands of fanatical

followers served often to retard the commencement of the

modem one. So, too, his excessive systematic tind descriptivf

precision, uiited as it was with comparative inattention

to other than superficial characters, established a tendency,

even yet not extinct, to rest contented with mere method
and nomenclature instead of aiming at complete morpho-
logical knowledge.

While the artificial system was at the zenith of its fame
and usefulness, Bernard de Jussieu was arranging his

garden on the lines afforded by the fragmentary natural

system of Linnaeus. His ideas were elaborated by his

nephew and successor Antoine de Jussieu, who for the

first time published diagnoses of the natural orders, so

giving the system its modem character Its subsequent
elaboration and definite establishment are due mainly to

the labours of Pyrame de CandoUe and Kobert Brow^.
The forme'r concentTwtod his own long life and that of Lis

son upon a now " cystoma naftirae," the colossal Frcdromus
siistematis naturalis (20 vols., 1818-1873), in which 80,000
species vrero described and arrsEged. Meanwhile the pene-

trative genius of Erown enabledMm to unravel such struc-

tural complexities as those of Conifers and Cycads, Orchids
and Froteacese, thus demonstrating the possibility of ascer-

taining the systematic position of even the most highly

modified fioral types. Both Candolle and Brown were thus

no mere systematists, but genuine morphologists of the

modern school The former, as we shall afterwards see.

established the theory of fioral symmetry on grounds oi

pure comparative anatomy, and distinguished with greater

success than hitherto between fundamental unity of struc-

tural type and mere superficial similarity of physiological

adaptation. The latter (Humboldt's "facile princeps

botanicorum "), using the same ideas with even keener in-

sight, made many memorable anatomical researches, such

as those on the structure of the ovule and the seed, and
indeed by his demonstration of the affinities of the gym-
nosperms almost anticipated the discoveries of Hofmeister,

who Stands pre-eminent among his modem successors on
account of his elucidation of the secret of phanerogamic
reproduction.

The labours of Bernard and Antoine de Jussieu initiated

too a vast parallel advance in zoology, the joint memoir
on the classification of mammals witli which Cuvier and
Geofflroy St-Hilaire almost commenced their career receiv-

ing its dominant impulse from the " genera " of Antoinei

Cuvier's works correspond in zoology to those of the
whole period from the Jussieus to Brown, and epitomize
the residts of that line of advance. Although in some
respects preceded by Haller and Hunter, who compared,
though mainly with physiological aim, the same parts in

different organisms, and much more distinctly by Yicq
d'Azyr, the only real comparative anatomist of the 1 8th cec
tury, he truly opens the ?ra of detailed anatomical research

united with exai;t comparison and clear generalization.

The Rigiie Animal (1817) and the theory of types (verte-

brate, molluscan, articulate, and radiate) are the results of

this union of analysis and S3mthesis (although he himself,

exasperated by the aberrations of the Naturphilosophie,

was accustomed to proclaim the importance of detailed

empiricism alone), and mark the reconstitution of taxonomy
on a new basis, henceforth to be no longer a matter of

superficial description and nomenclature but a complete
expression of stractural resemblances and differences. More
even than Linnaeus he is the founder of a great school
whose names and labours are imperishable Tn Oerraany,

Bojanus, Meckel, Von Siebold, and the illustrious Johannes
MUller, with his many living pupils, have carried on the

work
J in France, too, a succession of brilliant anatomists,

Buch as De Quatrefages, Milne -Edwards, and Lacaze-

Duthiers, are his intellectual heirs ; and in England ha hes,

been admirably represented Ly OTren.
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The Mstological movement inaugurated by Bicliat will

be subsequently discussed ; the rise of embryology, how-
ever, may be briefly noted, especially since it supplied the
most obvious deficiency of the Cuvierian schooL Here the
principal figiu-e is Von'Iiier, who established independently
the four types of Cuvier on developmental grounds, so for
the first tuue applying embryology as the touchstone of
anatomical classifications, besides establishing his famous
law of differentiation from a general towards a special form.

It is now necessary to return to Linnseus, whose more
speculative writings contain, though encumbered by fan-

tastic hjTJOtheses, the idea of floral metamorphosis (" Prin-

cipium florum et foUorum idem est," &c.). About the same
time, and quite independently, C. F. Wolff, thfl embryo-
logist, stated the same theory with greater clearness, for the
first time distinctly reducing the plant to an axis bearing
appendages—the vegetative leaves—which become meta-
morphosed into bud-scales or floral parts through diminu-
tion of vegetative force. Thirty years later the same view
was again independently developed by Goethe in hia now
w^ll-kno^vn pamphlet (Versuck die Metamorphose der
P^damen ^u erkldren, Gotha, 1790). In this brilliant essay
the doctrine of the fundamental unity of floral and foliar

parts is clearly enunciated, and supported by arguments
from anatomy, development, and teratology. .411 the
organs of a plant are thus modifications of one funda-
mental organ—.the leaf—and all plants are in like manner
II) be viewed as modifications of a common type—the
Urpflanze. The controversy as to the merits and import-
ance of this essay, and of Goethe's morphological work in

general, can scarcely be ente-sd upon here. That Groethe
discerned and proclaimed, and that more clearly than ?.;iy

of his predecessors or contemporaries, the fundamental idea
of all morphology—the unity which underlies the multi-
farious varieties of organic form—and that he systematically

applied this idea to the interpretation of the most import-

ant, most complex, and most varied animal and vegetable

structures, is unquestionable. The difficulties arise when we
seek to estimate the importance of his works in the chain of

progress, and when we inquire whether, as some historians

hold, his " urpflanze " was a mere ideal archetype, bringing

forth as its fruit the innumerable metaphysical abstractions

of the Natiu-philosophie, and leading his coimtrjrmen, to

their fall, into all the extravagances of that system ; or

whether, as Haeckel maintains, it represented a concrete an-

cestral form, so anticipatingthe view of modem evolutionists.

Thg,t to him Schelling was largely indebted for the founda-

tion upon which he erected his philosophic edifice, as also

that Goethe largely shared the same ideas, is unquestion-

able ; but it must be i-emembered that he lived and made
progress for forty years after the publication of this essay,

that he was familiar with the whole scientific movement,
and warmly sympathized with the evolutionary views of

Lamarck and Geofiroy St-Hilaire ; it is not therefore to

be wondered at that his writings should furnish evidence

in favour of each and every interpretation of them. His

other morphological labours must not be forgotten. Inde-

pendently of Vicq d'Azyr, he discovered the human pre-

masillary bone ; independently of Oken, he proposed the

vertebral theory of the skull ; and before Savigny, he dis-

, cemed that the jaws of insects were the limbs of the head.

In 1813 A. P. de CandoUe published his Theorie £le-

mentaire de la Botanigue, which he developed into the classic

Orgatwgraphie Vegetale (1827). Although at first unac-

quainted with Goethe's essay, and not clearly discerning the

homology of leaves and floral parts, he established his

theory of symmetry, reducing all flowers to "symmetrical"

groupings of appendages on an axis and accounting for

their various forms by cohesion and adhesion, by arrested or

excessive development. The next great advance wj" the

investigation by Schimper and Braun of phyllotaxu—the
ascending spkal arrangement of foliar and floral organs
thus fm-ther demonstrating their essential unitj.

The term niorphologi/ was first introduced by Goethe
in 1817, in a subsequent essay {Zur Naturvnuemduift
iiberhaupt, hesonders mr Morphologic). It did not coma
into use in botany imtil its popularization by Auguste de
St-Hilaire in his admirable Morphologie Vegetale (1841),
and in sjoology until later, although De Blainville, who
also first employed the term type, had treated the external
forms of animals under " morphologie." Though the N»-
turphilosophie of Schelling and its countless modifications
by his followers, its mystic theories of " polarization " and
the Hke, its apparatus of assumption and abstraction, hy-
pothesis and metaphor, cannot here be discussed, its un-
doubted services must not be forgotten, since it not only
stimulated innumerable reflective minds to the earnest
study of natural science, but, by its incessant proclamation
of the unity of nature and the free use of Platonic arche-
types, gave a most powerful impulse to the study of com-
parative anatomy, and nobly vindicated the claims of philo-

sophic synthesis over those of merely analytic empiricismT
Among its many adherents, some are of more distinctly

theological type, others metaphysical, others mystical or
poetic, others, again, more especially scientific ; but its

most typical and picturesque figure is Lorenz Oken, who
epitomizes alike the best and the worst features of tha
school, and among whose innumerable psendo-morpholo-
gical dreams there occasionally occurred suggestions of the
greatest fruitfulness,—notably, for instance, the independ-
ent statement of the vertebral theory of the skuU.

Although iamarck shared in this movement, his great
work (the Philosopkie Zoologique, 1809), being etiolo-

gical rather than morphological, scarcely claims discussion

here. By far the most distinguished anatomist of the
transcendental school is Geofiroy St-Hilaire, who being
comparatively free from the extravagances of Oken, and
uniting a depth of morphological insight scarcely inferior

to that of Goethe with greater knowledge of facts and far

Trader influence and reputation in the scientific world (which
affected to sneer at the poet as necessarily a mere amateur),

had enormously greater influence on the progress of science

than either. He started from the same studies of anatomi-
cal detail as Cuvier, but, profoundly influenced by Buffon'a

view of unity of plan and by the evolutionary doctrines

of Lamarck, he rapidly diverged into new lines, and again
reached that idea of serial homology of which we have
so frequently noted the independent origia. His greatest

work, the Philosopkie Anatomique (1818-1823), contains his

principal doctrines. These are—(1) the theory of unity of
organic composition, identical in spirit with that of Goethe j

(2) the th;ory of analogues, according to which the same
parts, differing only in form and in degree of development,

should occur in all animals; (3) the "principe des con-

nexions," by which similar parts occur everywhere in similar

relative positions ; and (4) the " principe du balancement

des organes," upon which he founded the study of tera-

tology, and according to which the high development of one
organ is allied to diminution of another. The advance in

morphological theory is here obvious ; unfortunately, how-
ever, in eager pursuit of often deceptive homologies, he
wandered into the transcendentalism of the Naturphilo-

sophie, and seems utterly to have failed to appreciate ither

the type theory of Cuvier or the discoveries of Von tsaer.

He earnestly defended Buffon's and Bonnet's earliei view

of unity of plan in nature ; and the controversy reached

its climax in 1830, when he maintained the unity of

structure in Cephalopods and Vertebrates against Cuvier

before the Academy of Sciences. On the point of fact

he was of course utterly defeated ; the type theory was
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thenceforward fully accepted and the Naturphilosophie

received its deathblow, while a "second empiric period"

of exact anatomical and embryological research seemed
for ever to replace it. Such was the popular view ; only

a few, like the aged Goethe, whose last literary effort was
a masterly critique of the controversy, discerned that the

very reverse interpretation was the deeper and essential

one, that a veritable "scientific revolution" was in pro-

gress, and that the supremacy of homological and synthetic

over descriptive and analytic studies was thenceforward

assured. The irreconcilable feud between the two leaders

really involved a reconciliation for their followers ; theories

of homological anatomy had thenceforward to be strictly

subjected to anatomical ' and embryological verification,

while anatomy and embryology acquired a homological

aim. This .union of the solid matter and rigorous method
of Cuvier with the generalising spirit and philosophic

aims of Geoffroy is well illustrated in the works of Owen

;

and, in short, the so-called Cuvierian school in in reality

thenceforward also Geoffroyan.

The further evolution of the idea of homology is sketched
below (§ 7), while the extent and rapidity of the subsequent
progress of the knowledge of all the structural aspects of

plants and animals aUke make an historical survey impos-

sible up to the appearance of the Origin of Species (1859) ;

however, no further qualitative advance was possible, since,

as Sachs has best pointed out, morphology pecessarily

contains, under the Linn«an dogma of the constancy of

species, the same two inconsistent and irreconcilable lines

of thought which we saw represented by Csesalpinus and
the early German botanists respectively,—on one side the

want of strictly scientific classification, and- on the other

the vaguely-felt existence of a natural relationship. Strict

classification of forms supposed constant excludes in fact any
natural relationship. The type theory, the theory of unity

of organic composition, and the like, are susceptible indeed

of two explanations—they may be regarded as either ex-

pressing a creative plan, or taken as purtiy Platonic

aud archetypal ideas. Both are tenable on theological

and metaphysical grounds respectively, but the fact must
not be disguised that of this unity of tjrpe no explanation

in the least degree scientific, i.e., in terms of the pheno-
mena of the natural world, does or can exist. The need-

ful solution was effected by Darwin. The " urpflanze " of

Goethe, the types of Cuvier, and the like, at once became
intelligible as schenaatic representations of ancestral organ-

isms, which, in various and varying environments, have
undergone differentiation into the vast multitude of exist-

ing forms. All the enigmas of structure become re.solved
;

" representative " and " aberrant," " progressive " and
"degraded," "synthetic" and "isolated," "persistent"
and " prophetic " types no longer baffle comprehension

;

conformity to type represented by differentiated or rudi-

mentary organs in one organism is no longer contradicted

by their entire disappearance in its near allies, while
systematist and morphologist become related simply as
specialist and generalizer, all through this escape from the

Linnsean dogma of the fixity of species. The phenomena
of individual development receive interpretation in terms
of ancestral history ; and embryology thus becomes divided

into ontogeny and phylogeny, the latter, too, coming into

intimate relation with "palreontology, while classification

seeks henceforth the reconstruction of the genealogical

tree. All these results were clearly developed in the most
important work of the new period, Haeckel's Generelle

Morpkologie (1866), while the valuable contemporaneous
Principles of Biology of Herbert Spencer also gave special

attention to the relation of morphology to physiology.^

' For bibliography see Cams, GeschichU der Zoologie ; Sacbs, Ges-

§ 2. Results.—Though the preceding is but a meagre
outline of the rise and progress of the science, no corre-

sponding sketch of its results can be here attempted. A
description of the refined applications of the doctrine of

floral metamorphosis, an inquiry into the morphology of

the Cryptogams, or an account of such beautiful homo-
logies as those presented by the Arthropods or the Echino-

derms is alike impossible ; least of all can we consider

the splendid simplification of the supremely complex prob-

lem of vertebrate structure by the elaboration of a new
theory of the skull, and by such luminous discoveries as

those of the segmental organs, or of the origin and homo-
logies of the spinal and cranial nerves. For these organo-

logical conceptions the reader must study such articles.as

those on Aothibia, Bieds, Hydkozoa, Molltisca, <fec.,

and such works as those of Huxley, Gegenbaur and
Haeckel, Balfour and Parker, Payer, Eichler, or Asa Gray,

and (provided with the needful bibliographical equipment
afforded by the various " Jakresberichte '' and the kindred

English publications) must indeed also plunge into the

current literature of the science. And there too must be
sought tt 1 innuinerable attempts at taxonomic synthesis

which sucL organological progress is constantly originating

(see Animai, Kingdom, Biology, vol. iii. p. 690 sq., and
Vegetable Kingdom). Embryological generalizationa,

such as Haeckel's " gastr»a theory," Lankester's rival " pla-

nula theory," or the ingenious " cffilome theoiy " of Hert-

wig, have been recently thoroughly criticized in Balfour's

Emoryology. The present article will be confined to a
brief discussion of a few main problems, commencing with

the cell theory and the problem of organic individuality

—these being seleated partly because of their special illus-

trativeness and intrinsic importance, partly because they

have somewhat less recently been summarized.

§ 3. Histology— Cell Theory.—AltLongh the application of the
simple microscope to tho minute structure of plants and animals
had been in progress since the end of the 17th century, the rise of

modem histology really dates from the Anatomie Ginirale (1801)
of Bichat, which analyses the organism into a series of simple
tissues with definite structural characters. This new impulse,

together with tlie improvement of optical appliances, led to much
further research. "Fibres" and "globules," "laminae" and
" nuclei, " were described, and even "ceUs" by Mirbel in 1806,

and in 1835 Johannes Kuller pointed out the existence of cells

resembling those of plants in the vertebrate notochord. The cellu-

lar and nucleated structure of epidermis and other tissues was soon
demonstrated, while Robert Brown discovered the nucleus of the
vegetable cell. In 1838 Schleiden referred all vegetable tissues to

the ceUular type, and traced back the plant embryo to a single

nucleated cell, while in 1839 Schwann boldly extended this con-

ception of plant structure aud development to the animal world,

and so fully constituted the "cell theory."
Schwann's cells were essentially nucleated vesicles with fluid

contents which originated in an intracellular substance ; but this

view was soon abandone^d. Dujardin had discovered that the bodies

of Foraminifera were composed of a visQous granula.' contractile

sarcode, and Von Mohl described independently in similar terms
the contents of the vegetable cell as protoplasin. This was identi-

fied by Max Schultze as Dujardln's sarcode, the newer name sur-

viving ; aud this living matter, and not the membrane, he showed
to be the essential constituent of the cell, since which his amended
definition of the cell as a unit-mass of nucleated protoplasm has
been generally accepted. Prevost and Dumas had noticed the
segmentation of the ovum into masses as early'as 1824, and these

were naturally identified as cells immediately after the publication

of Schwann's work. In 1846 Kblliker showed that aU tissues arise

from these segmentation masses, and that the multiplication of

animal and vegetable cells takes place by a continuation of the

same process,—that of transverse division already observed in the

Protozoa.

These points gained, the attention of histologists was withdrawn
for a considerable time from the scrutiny of the minute structure

of the cell itself to be concentrated on the modes of origin of these

unit-masses, and their subsequent differentiation and aggregation

into tissues and organs. The minute structure and histogenesis of

chichte d. Botanik ; Cuvier, Hist. d. Sci. ; Is. G. St-Hilaire, Uist. NaL
Gin.; Masters in Mid.-Chir. Rev., 1858, &c. ; also articles GOKTHE,
L1KN.EOS. Oken, &c.
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plants, as well as of at least the higher animals, have been studied
with much and ever-increasing accuracy of detail. (See Aka-
TOMY, Histology, Embuvoloby. ) Both vegetable and animal
tissues have been simply classified both according to their adult
forms and according to the embryonic layers from which they
n.-spoctiyely arise. Tliis scrutiny of plant and animal structure
over and above the special generalizations of the botanist and the
zoologist has afforded much result to general histolog}'. The
improvement of technical methods has of late years largely aided
the progress of discovery. A return from the study of the ceU-
aggiegate to that of the cell has commenced, and the question of
cell-structure may be said to be again paramount in histology. The
process of transverse dirision has of late been much elucidated,
and, although its complex details cannot here be entered upon,
the result has been to establish a minute and thorough correspond-
ence in cases so \ridelj' dissimilar as pollen-grains from a flower-bud,
the epidermis of a tadpole, or the cells of a tumour—a result which
obviously enhances the morphological completeness of the cell

theory. Minor modes of cell-multiplication also are not without
their morphological interest. Gemmation, familiar in the yeast
plant, occurs in other low and simple organisms, and may probably
he identified with the formation of polar vesicles in ova as a modi-
fication of transverse division. Schleiden had supposed all new
cells to oririnate within pre-e.xiating cells, and this process, known
as free -cell -formation, may really be observed in various plant
and animal tissues. The protoplasm groups itself round new nuclei,
/the new cells being in fact formed much as Schwann had in his
tui n supposed ; but these nuclei have repeatedly been shown to
arise from segmentation of the original nucleus, and thus this pro-
ccs.1 too seems a mere modification of the general one of transverse
di\ ision. Conjugation, too—that coalescence of two similar cells

w'lich miv be observed in many Algae, Fungi, and Protozoa—is to
bo jonsidtiod as the undifferentiated form of that fertilization which
occurs in higher animals and plants, the two apparently similar
ma.JSi i having become respectively differentiated into ovum and
spcmatozoon, or into egg-cell and antherozoid. An indefinite
number of amoeboid cells, sometimes flow together into a single
mass,—a phenomenon regarded by some as multiple-conjugation,
or perhaps more probably as an almost mechanical coalescence of
exhausted cells, from which conjugation proper and finally fertili-

zation may indeed have originated. The amceboid cells of higher
animals similarly unite when drawn, and this formation of plas-
irwdia^ as these are termed, seems to be a deep-seated property of
the amoeboid cell. Similarly, too, the process of rejuvenescence
wliich occurs in many of the lowest plants and animals, such as
Protococcus and Amoeba, where the protoplasm passes from a rest-

ing and encysted to a naked and mobile stage, has many analogues
not only among the Protista but even in the tissues of higher
animals, while the phases which the lowest organisms more or less

exhibit—the encysted, the ciliated, the amoeboid, and the plasmo-
dial—may be regarded as the fundamental forms of a " life-cycle,"

fully represented indeed only in such extremely low organisms as

Protomyxa and Myxomycetes, yet nowhere completely suppressed.

The very highest plants and animals may thus be considered as

aggregates of more or less differentiated and variously arranged
encysted, amoeboid, and ciliated cells, while their development
and subsequent changes, their variations normal and pathological,

in reality e.xhibit phases more or less distinct of the ancestral life-

cycle.

The examination of the precise modes of cell-division, particularly

in the hands of botanists (see Biology, and summary in Sachs's

VorUs^mrjen iiier PJlanzen Physiologic, 1883), are also constantly
throwing the most interesting light upon the structure of the adult
organism. Thus then, in our own day as in those of Bichat or

Schwann, the labours of the histologist, when inspired by higher
aims than that of the mere multiplication of descriptive detail, are

of supreme morphological importance, and result in the demonstra-
tion of a unity of organic structure deeper even than any which we
owe to Linnaeus or Cuvier, Goethe or Geof&oy.

§ 4. Individuality.—Probably no subject in the whole range of

biology has been more extensively discussed than that of the nature

of organic individuality. The history of the controversy is of

interest, since besides leading up to solid results it ser\-es, perhaps

better than any other case, to illustrate the slow emergence of the

natural sciences from the influence of scholastic thought. Starting

from the obvious unity and indivisiblenessof Man and other higher

animals, and adopting some definition such as that of Mirbel

(exceptionally unmetaphysical, however), "Tout etre organise,

complet dans ses parties, distinct et s^pare des autres etres, est un
individu," it was attempted times without number to discover the

same conception elsewhere in nature, or rather to impose it upon
all other beings, plants and animals alike. The results of different

inquirers were of course utterly discrepant. It seemed easy and
natural to identify a tree or herb corresponding to the individual

animal, yet difficulties at once arose. Many apparently distinct

plants may arise from a common root, or a single plant may be

decomposed into branches, twigs, shoots, buds, or even leaves, all

often capable of separate existence. These, again, are decompos-
able into tissues and cells, the cells into nucleus, &c , and ultimately
into protoplasmic molecules, these finally into atoms,—the inquiry
thus passing outside organic nature altogether and meeting the old
dispute as to the ultimate divisibility of matter. In short, as
Haeckel remarks, scarcely any part of the plant can be named
which has not been taken by some one for the individual. It is

necessary, therefore, briefly to notice some of the principal works
on the subject, and these may conveniently be taken In descending
order.

While Cassini practically agreed with Mirbel in attempting to
regard separate plants as individuals, the widest interpretation ol

the individual is that of Gallesio (1816), who proposed to regard"
as an individual the entire product of a single seed, alike whether
this developed into a uni-axial plant extended continuously like a
Banyan, or multiplied asexually by natural or artificial means like

the Weeping-willow or the Canadian Pondweed, of each of which,
on this view, there is only a single individual in Britain, happily
discontinuous.

At once the oldest and most frequently maintained view is that
which regards the bud or shoot consisting of a single axis with
appendages as the plant-individual, of which the tree represents a

colony, like a branched hydroid Polyp. This conception, oftet

attributed to Aristotle, but apparently without foundation, appears
distinctly in the writings of Hippocrates and Theophrastus,—the
latter saying, "The bud grows on the tree like a plant m the ground.

"

The aphorism of Linnaeus, '
' Gemmic totidem herbae, " is well known

;

and in this view C. F. Wolff and Humboldt concurred, while
Erasmus Darwin supported it by an appeal to the facts of anatomy
and development. The most influential advocate of the bud theory
during the first half of the present century was, however, Du Petit-

Thouars, who, although starting much as usual with a "principe
unique d'existence," supported his theory on extensive though
largely incorrect obsSrvations on stem structure and growth. For
him the tree is a colony ofphyt&ns, each being a bud \vith its axillant

leaf and fraction of the stem and root. Passing over numerous
minor authors, we come to the central work of Alex. Braun (1853),

in which, as Sachs has clearly pointed out, the illegitimate com-
bination of Katurphilosophie with inductive morphology reaches
its extreme. He reviews, however, all preceding theories, admits
the difficulty of fixing upon any as final, since the plant, physio-
logically considered, is rather a dividuum than an individuum, and
proposes as a compromise, or indeed as a part hi cuttin" of the
knot, the adoption of the shoot as the morphological individual,

comparable to an animal, especially because, unlike the cell, leaf,

&c., it includes all the representative characters of the species.

Darwin and Spencer on the whole also accept the bud or shoot as

at any rate the most definite individual.

The theory of metamorphosis naturally led Goethe, Oken, and
others to regard the leaf as the individual, while Johaunes Muller,

Steenstrup, and others adopted the same view on various physio-
logical grounds. Gaudichaud elaborated a theory intermediate
between this view and that of Du PetitThouars, according to which
the plant was built up of individuals, each consisting of a leaf with
its subjacent intemode of stem, which was regarded as the leaf-base,

and this was supported by Edward Forbes and others, while the
nominally converse view—that of the leaf as a mere outward ex-

pansion of the stem-segment—was proposed by Hochstetter.

Though sundry attempts at identifying various tissues, such as

the fibro-vascular bundles, as the constituent individuals may be
-passed over, those associated with the cell theory are of great

importance. Schwann decided in favour of the cell and regarded
the plant as a cell-community, in which the separate elements were
like the bees of a swarm,—a view virtually concurred in in all

essential respects by Schleiden, Virchow, and other founders of the

cell theory. Yet, although the structure and functions of the plant

are ultimately and exclusively cellular, it is impossible to ignore

the fact that, save in the very lowest organisms, these are subordi-

nated and differentiated into larger aggregates, and form virtually

but the bricks of a building, and hence the later theorios outlined

above. Of attempts to find the individual in the nucleus or the

protoplasm granules it is of course unnecessary to speak further.

So far the theories of absolute individuality. The conception of

relative individuality is well traced by Fisch upwards from the

more or less vague suggestions in the writings of Goethe, Roeper,

and the elder De CandoUe to its clear expression in Alphonse de
CandoUe and Schleiden, both of whom take the ceU, the shoot, and
the multi-axial plant as forming three successive and subordinated
categories. Nageli too recognized not only the necessity of establish-

ing such a series (cell, organ, bud, leafy axis, multi-axial plant)

but the distinction between morphological and physiological in-

dividualities afterwards enunciated by Haeckel.

Passing over the difficulties which arise even among the Protozoa

(see Foraminifera), we find that a similar controvei'sy (fully

chronicled in Haeckel's Kalkschwdmtne) has raged over the in-

dividualitj' of Sponges. WTiile the older observers were content to

regard each sponge-mass as an individual, a view in which Lieberkuhn
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and other monographers substantially concurred, the application of

the microscope led to the view suggested by James Clark, and still

Stoutly supported by Saville Kent, that the Sponge is a city of

amoeboid or infJsorian individuals. Carter looked upon the separate

ampullaceous sacs as the true individuals, while Schmidt, defining

the individual by the possession of a single exhalent aperture, dis-

tinguishes Sponges into solitary and social. Later, however, he

terms them Zoa impersonalia.

For the higher animals the problem, though perhaps really even

more difficult, is less prominent. As Haeckel points out, the earlier

discussions and even the comparatively late essay of Johannes

21 tiller take an almost purely psychological or at least a physiological

point of view ; and the morphological aspect of the inquiry only

came forward wheu the study of much lower forms, such as Cestoid

Worms (see Platybelminthes) or Siphonophores (see Htdrozoa),
tad raised the difficulties with which botanists had so long been

familiar. With the rapid progress of embryology, too, arose new
problems ; and in 1842 Steenstrup inti'oduced the conception of an
**altemationof generations" as a mode of origin ofdistinct individuals

\>y two methods, for him fundamentally similar, the sexual from im-
pregnated females and the asexual from unimpregnated " nurses,"

—

a view adopted by Edward Forbes and many other naturalists, but
keenly criticized by Carpenter and Huxley. In Leuckart's remark-
able essay on polymorphism (1553) the Siphonophora were analysed
into colonies, and their varied organs shown to be morphologically
equivalent, while the alternate generations of Steenstrup were
reduced to a case of polymorphism in development. Leuckart
farther partly distinguished individuals of different orders, as well

as between morphological and physiological individuals.

In 1852 Huxley proposed the view which he sttll substantially

maintains (see Biology). Starting from such an undoubted homo-
logy as that of the egg-producing process of Hydra with a free-

swimming Medusoid, he points ou^ that the title of individual, if

applied to the latter, must logically be du^ to the former also, and
avoids this confusion between organ and individual by defining the
individual animal, as Gallesio had done the plant, as the entire

product of an impregnated ovum,—the swarm of Aphides or free

Medusae which in this way might belong to a single individual being
termed Zooids.

In Cams's System of Animal Morphology (1853) another theory
was propounded, but the problem then seems to have fallen into

abeyance until 1865, when it formed the subject of a prolonged and
fruitful discussion in the Principles of Biology. Adopting the cell

(defined as an aggregate of the lowest order, itself formed of physio-
logical units) as the morphological unit, Spencer points .out that
these may either exist independently, or gradually exhibit unions
into aggregates of the second order, like the lower Algae, of which
the individuality may be more or less pronounced. The uniori of
snch secondary aggregates or compound units into individuals of a
_yet higher order is then traced through such intermediate forms as

are represented by the higher seaweeos or the Liverworts, from the
thallus of which the axes and appendages of Monocotyledons and
Dicotyledons are ingeniously derived. The shoot of a flowering-

plant is thus an aggregate of the third order ; it branches into an
aggregate of the fourth or higher order, and finally as a tree

"acquires a degree of composition too complex to be any longer
defined." Proceeding to animals, the same method is applied.

The Protozoa are aggregates of the first order. These, like plants,

exhibit transitions, of which Radiolarians, Foraminifera, and
Sponges are taken as examples, to such definite compound wholes
as Hydra ; and such secondary aggregates multiply by gemmation
into permanent aggregates of the third order, which may ex ibit

all degrees of integration up to that of the Siphonophora, where
the individualities of the Polj'ps are almost lost in that of the
aggregate form. The whole series of articulated animals are next
interpreted as more or less integrated aggregates of the third order,

of which the lower Annelids are the less developed forms, the
Arthropods the more highly integrated and individualized. Molluscs
and Vertebrates are regarded as aggregates of the second order.

In 1866 appeared the latest morphological classic, the Oencrille

Morphologie of Haeckel. Here pure morphology is distinguished

into two suh-scienees,—the first purely structural, tcdology, which
regards .the organism as composed of organic individuals of different

oixlers ; the second essentially stereometric, promorphology. To
tectology, defined as the science of organic individuality, a large

section of the work is devoted. Dismissing the theory of absolute

individuality as a metaphysical figment, and starting from the
view of Scldeiden, De Candolle, and Nageli of several successive

categories of relative individuals, he distinguishes more clearly than
heretofore the physiological individual (or bi<m), characterized by
definiteness and independence of function, from the morphological
individual (or mA)rphon), characterized similarly by definiteness of

form ; of the latter ho establishes six categories, as follows :

—

1. Plastides (cytodes and cells), or elementary organisms.

2. Organs (cell-stocks or ccU-fiisions), simple or homoplastic or-

gans (tissues), or heteroplastic organs. Organ-systems, organ-

apparatuses.

3. Anlimcrcs (opposite or symmetrical or homotynic parts), e.g.,

rays of radiate animals, " halves of bilaterally symmetrical

animals.
''

4. Mciamerei (successive or homodynamouff parts), e.g., etem-

segments of Phanerogams, segments or zoonites of Annelida

or Vertebrates.
, /., i ^ ^

6. Persona, shoots or buds of plants, polyps of CcelenterateS,

&c., " individuals " in the narrowest sense among the higher

animals.

6. Corms (stocks or colonies), e.g., trees, chains of Salpae, polyp-

stocks, &c.

In his subsequent monograph on calcareous Sponges, and in a

final paper, he somewhat modifies these categories by substituting

one category of extreme comprehensiveness, that of the idorgan, in

place of the three separate orders of organs, antimeres, and meta-

meres. The idorgan (of course clearly distinguished from' the

physiological organ or biorgan) is finally defined as a morphological

unit consisting of two or more plastids, which does not possess the

positive character of the person or stock. These are distinguished

into homoplasls or homo-organs and alloplasts or alloe-organs, the

former including, as subdivisions, plastid-aggregates and plastid-

fusions, the latter idomeres, antimeres, and metameres. The former

definition of the term antimcre, as denoting at once each separate

ray of a radiate, or the right and left halves of a bilaterally sym-

metrical animal, is corrected by terming each ray a, paramere, and its

symmetiical halves the antimeres. Thus an ordinary Medusoid has

four parameres and eight antimeres, a Star-fish five and ten. The con-

ception of the persona is largely modified, not only by withdrawing

the comparison of the animal with the' vegetable shoot and by omit-

ting the antimere and metamere as necessary constituents, but by

taking the central embryonic form of all the Metazoa—the gastrula

(fig. 1) and its assumed ancestral representative, the gastrsa—as

the simplest and oldest form of per-

sona. The different morphological

stages to which it may attain are clas-

sified into three series : (1) Monax-
onial' inarticulate persons, i.e., uni-

axial and unsegmented without anti-

meres or metameres, as in Sponges, or

lowest Hydroids ; (2) Staiiraxonial

'

inarticulate persons with antimeres,

but without metameres, e.g., Coral,

Medusa, Turbellarian, Trematode, Bry-
ozoon

; (3) Stauraxonial articulate per-

sons with antimeres and metameres,

e.g., Annelids, Arthropods,Vertebrates.

The colonies of Protozoa are mere idor-

gans. Tnie conns, composed of united

personae, occur only among Sponges,

Hydroids, Siphonophores, Corals, Bry-
ozoa, Tunicates, and Eciinoderms, of

which the apparent parameres are regarded as highly centralized per-

sonae of a radially-budded worm colony; and these can be classified

according to the morphological rank of their constituent personsB.

Theyusuallyarise by gemmation from a single persona, yet tn'Spongea

and Corals occasionally by fusion of several originaUy distinct

persons or corms. The theory of successive subordinate orders of

individuality being thus not only derived from historical criticism

of previous theories but brought into conformity with the actual

facts of development and descent,—various groups of organismB
being referred to their several categories,—the remaining prpblem
of tectology, that of the relation of the morphological to the physio-
logical individuality, is finally discussed. Of the latter, three cate-

gories are proposed :—(1) the "actual bion or complete physiological
individual," this being the completely developed organic form which
has reached the highest grade of morphological individuality proper
to it as a representative of, e.g., its species; (2) the "virtual bion
or potential physiological individual," including any incompletely
developed form of the former from the ovum upwards ; and (3)

the "partial bion or apparent physiological individual," such frag-

ments of the actual or virtual bion as may possess temporary in''o-

pendence without reproducing the species—this latter category
having, however, inferior importance.^

Haeckel's theory, indeed in its earlier form, has been adopted by
Gogenbaur and other morphologists, also in its later form by Jriger,

who, however, rejects the category of idorgan on the ground of the
general morphological principle that every natural body which
carries on any chemical changes with its environment becomes
differentiated into more or less concentric layers ; but the subject,
especially as far as animals are concerned, is again recently dis-

cussed in a largo work by Pcrrier. Starting from the cell or plastid,

ho terms a permanent colony a m^ride, and these may remain
isolated like Sagitta or Kotifer, or may multiply by gemmation to

I For explanation of these terms see § 5, Promorpholony, p. 844.
3 For criticism of this theory on tlie ground of its mafcing phj-slologlcal do-

penil on morphological indlvidinllty, see Fisch, Atifiahluna und Kritik d«r
vgrschicdenoi Afisichttn ubcr das pjlanzltche hulivlduum, p. 11.

Fig. 1.—Gafltmla in optical seo*

tlon, showing primitive opening
and digestive cavity (blasto-

pore and arcJi-enteron), as also

outer and inner layers, ectoderm
andendoderm. (AfterHaeckeL)
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or:ii nighei' aggregates which he terms toides. Such zoiJcs may be

-.rreguiar, radiate, or linear aggregates, of wliich the two former

:lasscs especially are termed cUmes. The organ—Haeckel's idorgan

—

is excluded, since tissues and organs result from division of labour

in the anatomical elements of the mcridcs, and so have only a

secondary individuality, "carefully to be distinguished from the

iudivrduality of those parts whose direct grouping has formed the

organism, and which live still, Or have lived, isolated from one

mother." Perrier further points out that undifferentiated colonies

are sessile, as Sponges and Corals, while a free state of existence is

associated with the concentration and integration of the colony into

an individual of a higher order.

So far the various theories of the subject ; detailed criticism is

impossible, but some synthesis and reconciliation must be attempted.

Starting from the cell as the morphological unit, we find' these

forming homogeneous aggregates in some Protozoa and in the early

development of the ovum. But integration into a whole, not,

merely aggregation into a mass, is essential to the idea of individu-

ality; the earliest secondary unit, therefore, is the gastrula or

meride. This ctage is permanently represented by an unbranched
Hydra or Sponge or by a Planarian. These secondary units may,
however, form "aggregates either irregular as in most Sponges, in-

definitely branched as in the Hydroids and Actinozoa, or linear as in

such Planarians as Catenula. Such aggregations, colonies, or demes,

not being aggregated, do not fully reach individuality of the third

order. This is attained, however, for the branched series by such

forms as Siphonophores among Hydrozoa, or Renilla or Pennatula

among Actinozoa ; for linear aggregates again by the higher Worms,
and still more fully by Arthropods and Vertebrates. Aggregates

of a yet higher order may occur, though rarely. A longitudinally

dividing Nais or laterally branched, Syllis are obviously aggregates

of these tertiary units, which, on Haeckel's view, become integrated

in the Echinoderm, which would thus reach a complete indivi-

luility of the fourth order. A chain of Salpas or a colony of Pyro-
ioma exhibits an approximation to the same rank, which is more
nearly obtained by a radiate group of Botryllus around their central

cloaca, while the entire colony of such an Ascidian would represent

th'^ individual of the fifth order in its incipient and unintegrated
state,—these and the preceding intermediate forms being, of course,

readily intelligible, and indeed, as Spencer has shown, inevitable

on the theory of evolution.

The exclusion of tissues and organs from rank in this series is

thus seen to necessarily follow. Ectoderm and endoderm cannot
e^ist alone; they and the organs into which they differentiate

»rise merely, as Jager expresses it, from that concentric lamination,
or, with PeiTier, from that polymorphism of the members of the
colony, which is associated with organic and social existence. The
idea of' the antimere is omitted, as being essentially a promorpho-
logical conception (for a Medusoid or a Star-fish, though of widely
distinct order of individuality, are equally so divisible) ; that of
the metamere is convenient to denote the secondai-y units of a
linear tertiary individual ; the term persona, however, seems un-
likely to survive, not only on account of its inseparable psycho-
logical connotations, but because it has been somewhat vaguely
applied alike to aggregates of the second and third order ; and the
term colony, corm, or dome may indifferently be applied to those
aggregates of /irimary, secondary, tertiary, or quaternary order which
are not, however, integrated into a whole, and do not reach the
full individuality of the next higher order. The term zooid is also

objectionable as involving the idea of individualized orgins, a view
natural while the medusoid gonophores of a Hydrozoon were looked
at as evolved of its homologue in Hydra, whereas the latter is

really a degenerate form of the former. Passing to the vegetable
world, here as before the cell is the unit of the first order, while
aggregates representing almost every stage in the insensible evelu-
tiou of a secondary unit are far more abundant than among animals.
Complete unity of the second order can hardly be aUowed to the
thallus, which Spencer proposes to compound and integrate into
tertiary aggregates—the higher plants ; as in animals the embryo-
logical method is preferable, both as avoiding gratuitous hypothesis
and as leading to direct results. Such a unit is clearly presented
by the embryo of higher plants in which the cell-aggregate is at
onc3 differentiated into parts and integrated into a whole. Such
an embryo possesses axis and appandages as when fully developed
(hgl 2). The latter, however, being as organs mere lateral expan-
sions of the concentric layers into which the plant embryo, like thu
animal, is differentiated, and so neither stages of evolution nor
raoable of separate existence, are not entitled to individual rank.
The embryo, the bad, ahoot, or uni-axial plant, all thus belong to

the second order of individuality, like the Hydroid they resemble.
Like the lower Coilenterates, too, aggregates of such axes are

.'ormed by branching out from their low degree of integration.

Such colonies can hardly be termed individuah of the third, much
less of higher order, at least without somewhat abandoning that
unity of treatment of plants and animals without which philosophi-

cal biology disappears. Individuality of the second order is most
fully leached by the flower,—the most highly differentiated and

integrated form of axes and appendages. Such a simple inflorcs.

cence as a raceme or umbel approximates to unity of the third older,

to which a composite flower-head must
be admitted to havo attained, while a

compound inflorescence is on the way
to a yet higher stage.

If, as seems probable, 3. nomencla-
ture be indispensable for clear ex-

pression, it may be simply arranged
in conformity with, this view. Start-

ing from the unit of the first order,

the plastid or monad, and terming
any undifferentiated aggregate a deme,
we have a monad-deme integrating
into a secondary unit or dyad, this ^'"-J-Jl^JH^FV' '°''°^^^^?'^

., , •'
, J , ^ . \ (after Sachs), showing incipient

nsmg through dyad-demcs into a axis and appendages, as olso
triad, this forming triad-demes, and the three concentric embryooit
these when differentiated becoming W^rs.

tetrads, the Botryllus-colony with which the evolution of compound
individuality terminates being a telrad-deme. The separate living
form, whether monad, dyad, triad, or tetrad, requires also some dis-

tinguishing name^forwhich fcrsonavt'HX probably ultimately be found
most appropriate, since such usage is most in harmony with its inevi-
table physiological and psychological connotations, while the genea-
logical individual of Gallesio and Hux]ey,common also to all the cate-
gories, may be designated with Haeckel the ovum-produet or ovum-
cycle, the complete series of forms needed to represent the species
being the species-cycle (though this coincides with the former sav«
in cases where the sexes are separate, or polymorphism occurs).
For such a peculiar case as Diplozoon paradoxum, where two
s?parate forms of the same species coalesce, and still more for such
hfterogeneous individuality as that of a Lichen, where a composite
unit arises from the union of two altogether distinct forms—Fungus
and Alga,—yet additional categories and terms are required.^

§ 5. Promarphology.—Just as the physiologist constantly seeks
to interpret the phenomena of function in terms of mechanical,
physical, and chemical laws, so the morphologist is tempted to
inquire whether organic as well as mineral forms are not alike
reducible to simple mathematical law. And just as the crystallo-
grapher constructs an ideally perfect mathematical form from an
imperfect or fragmentary crystal, so the morphologistiias frequently
attempted to reduce the complex-curved surfaces of organic beinga
to definite mathematical expression.' Canon Moseley (Phil. Trans.,
1838) succeeded in showing, by a combination of measurement and
mathematical analysis, that the curved surface of any turbinated
or discoid shell might be considered as generated by the revolution,
about the axis of the shell, of a curve, which continually varied its

dimensions according to the law of the logarithmic spiral. For
Goodsir this logarithmic spiral, now carved ou his tomb, seemed
a fundamental expression of organic curvature and the dawn of a
new epoch in natural science—that of the mathematical investiga-
tion of organic form—and his own elaborate measurements of tha
body, its organs, and even its component cells seemed to yield,
now the triangle, and again the tetrahedron, as th* fundamental
form. But such supposed results, savouring more of the Natur»
philosophic than of sober mathematics, could only serve to dis-
courage further inquiry and interest in that direction. Thus wt
find that even the best treatises on botany and zoology abandon
the subject, satisfied with merely contrasting the simple geometrical
ground-forms of crystals with the highly curved and hopelessly
complicated lines and surfaces of the organism.
But there are other considerations which lead up to a mathe-

matical conception of organic form, those namely of symmetry and
regularity.

_
These; however, aie usually but little developed,

botanists since Schleiden contenting themselves with throwing
organisms into three' groups—first, absolute or regular; second,
regular and radiate ; third, symmetrical bilaterally or zygomorphio—the last being capable of division into two halves only in a singla
plane, the second in two or more planes, the first in none at 5l
Burraeister, and more fully Bronn, introduced the fundamental
improvement of defining the mathematical forms they sought not
by the surfaces but by. axes and their poles ; and Haeckel has
developed the subject with an elaborateness of detail and nomen-'
clature which seems unfortunately to have impeded its study and'
soceptance, but of which the main results may, with sUght varia-
tions chiefly due to Jiiger (Lehrb. d. Zool., i. 283), be briefly out-
lined.

A. ANAXONTA—forms destitute of axes, and consequently
wholly irregular in form, e.g.. Amoeba; and m'any Sponges.

B. AXONIA—forms with definite axes.

1 See Haeckel, Gen. Morph. i., Kalkschw:ivime i., and Jena. Zeilschr. x.; alsq
Sachs, GcschichU d. Bot. ; Fisch, Avf^ihhjug v.. Kritik, Ac, Rostock, 18i>0

:

Perrier, Les Colonies Animates, 1882, as from these all other references can be
obtained. «

" The sciences of organic and mineral form would thns (as Haeckel poinW
cut) become thoroughly analogous, for, as promorphology develops the crjstallo-'
graphyof organic form, so miner3logy,in the stuUyof such phenomena as thoM
of pseudomorphism or of nuneral developajeRU becomes parallel to mor^ihology
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I. HOMAXONIA—all axes egnal.

(o) Spheres, where an indefinite nnmbei of eqn&l axes can

be drawn through the middle point, e.fi , Sphserozoum.

(i) Polybedra, with a definite number of like axes.

Of these aconsiderable number occur in nature, for example, many
Radiolarians (fig. %\ pollen-grains, kc,
and they are again classifiable by the

number and regularity of their lacos.

II. Protaxo.via, where all tie parts

ore arranged round a main axis, and of

these we distinguish

—

1. 3Aouojyi)u'a,with not more than one
definit-e axis. Here are distinguished

(d) those with similar poles, spheroid

(Coo;odiscus) and cylinder (Pyrosoma)
and (b) those with dissimikr poles,

cone (Conulina).

2. 5toMraxOTn/J where besides the p.^ s._Baak.Iari.in (Ethmo-
main axes, a definite number of second- ephiEra), an irregular endo-

ary axes are placed at right angles, and spbyric polyhedron with eqnj

the stereometric ground-form becomes angular tecs. Type of Horn

a pyramid. Here, again, may be distin-
"°'""-

guished (a) those with poles similar, Staurcuonia homopola, where
the stereometric form is the double pyramid (fig. 4), and (6) those with
poles dissimilar, Stauraxonia hetcro-

pola, where the stereometric form is the
single pyramid, and where we distin-

guish a basal, usually oral, pole from an
epical, aboral, or anal pole. The laases

of these may be either regular or irre-

gular polygons, and thus a new classi-

fication into Homostaura and Hetsro-
staura naturally arises.

The simpler group, the Homostaura,
may have either an even or an odd ^
number of sides, and thus among the
Homostaura we have even-sided and
odd-sided, single and double pyramids.
In those Homostaura with an even
number of sides, such as Medusse, the

radial and inter-radial axes have simi-

lar poles ; but in the series with an
odd number of sides, like most Echi-
noderms, each of the transverse axes is

half radial and half semi-radial (fig. 5).

Of the group of regular double pyra- F,o.4._poUei.ofP,!ssion Flower,
mids the twelve-sided poUen-grain of as ommple of Stauraxonia ho-

Passiflora (fig. 4) may no taken as an mopola. Groond-form a regu

example, having the ground-form of lar double p>Tamid of aix sides,

the hexagonal system, the hexagonal dodecahedron. Of the equal

even-sided single pyramids (Heteropota homostaura), Alcyonium,
Geryonia, Anrelia may be taken as' ex-

amples of the eight-sided, six-sided, and
four-sided pyramids, while those with an
odd number of sides may be illustrated

by Ophiura or Primula with five sides,

and the flower of Lily or Eush with three

In the highest and most complicated

group, the Heterostaura, the basal poly-

gon 13 no longer regular but amphithect
(6.tupl$TiicTos = double-edged). Such a

polygon has an even number of sides, and p,o. s.-Starflsh, an csamplo
can be divided into symmetrica] halves of Hetorupola honKjatauri.

by each of two planes intersecting at right Orouud-form a regular smgle

angles in the middle point, and thus divid- vynmid of Ave sides,

ing the whole figure into four congruent polygons. The longer of

these axes may be termed lateral, the shorter the equatorial or dorso-

ventral ; and these two axes, along with the main axes, always define

the three dimensions of space. Ctenophores (fig. 6) furnish examples

•f eight-sided amphithect pyramids, seme Madrepore Corals of six-

Bided, Crucifers, some Medusffi, and Cestodea of four-sided amphi-

thect pyramids.

In tnese forms the poles of the dorse-ventral and lateral axes are

similar, and, as in the preceding Monaxonia and Stauraxonia, the

centre of the body is defined by a line ; and they are therefore termed

Centraximia, whUe the Protaxonia, which are defined by their central

point, are called Centrosii^ma. There are, however, other forms,

and these the most complicated, in which the poles of at least the

dorso-vantral axis are unlike, and in which the Dody is thus defined

not with reference to a line but to a median plane, and these have

accordingly received the name of Centropipeda. Their ground-form

is a polygon with an even number of sides, which can only be

divided into two symmetrical halves by the one median plane. It

(an be obtained by halving an amphithect pyramid of double the

number of sides, and is consequently termed c half amphithect

pyramid (fig. 7). The whole amphithect pyramid may be most con-

veniently obtained by the reduplication of the ground-form as if in a

mirror. Of half amphithect pyramids there are again two forms,
termed by Haeckel Amphipleura and Zygopleura, the former in'
cluiiing the " bilaterally symmetrical " or irregularly radiate forms
of previous authors, such ks Spatangus, Viola, Orchis, while the
Zygoplfiirn include forms bilaterally symmetrical in the strictes.t

sense, in which not more than two rad!^ planes, and these at right

Fig 6. Fig. 7.

Fio. 6.—Ctenophore (Eucharis). Ground-form an eight-sided doable smphithocl
pyramid.

Fjo. 7 Spatangus. Grojind-form a five-sided half amphithect pyramid.

angles to each other, are present. The stereometric ground-form

is a half rhombic pyramid. Haeckel again divides these, according

to the number of antimeres, into TetrapUura and DipUura.
Promorphology has thus shown that the reigning dogma of the

fundamental dmerence of organic and mineral forms is false, tind

that a crystallography of organic forms is possible,—the form of

the cell or the cell-aggregate differing from the crystal merely by
its more or less viscous state of aggregation, its inherited peculi-

arities, and its greater adaptability to the environment. The
classification . into bilateral and radiate forms which usually does
duty for more precise promorphological conceptions must he aban-
doned as hopelessly confusing essentially dilferent forms, or at least

must be rigidly restricted,—the term radial to regular and double
pyramids, the term bilaferil to the Centropipeda if not indeed to

dipleural forms. Similarly, the topographical and relative terms,

anterior and posterior, upper and under, horizontal and vertical,

must be superseded by the terms above applied to the axes and
their poles, oral and aboral, dorsal and ventral, right and left

§ 6. Nature ofMorphological Clianges.—The main forms oforganic

structure being analysed and classified and their stage of individu-

ality being ascertained, the question next arises, by what morpho-
logical changes have they arisen, and into what categories can these

modes of differentiation be grouped ? They at first sight seem
innumerable, yet in reality are few. Goethe somewhat vaguely
generali2ed them for the flower as ascending and descending meta-
morphosis, expansion and contiaction of organs, &c. ; but the first

attempt at careful enumeration seems to be that of Auguste de St-

HUaire, who recognized defects of development, adherences, excesses

of production or "dMoublements," metamorphosis and displace-

ment of organs. Subsequent authors have variously treated the
subject ; thus Asa Gray enumerates as modifications of the flower

—

coalescence, adnation, irregularity, abortion, non-alternation or

anteposition, multiplication, enation, unusual development of the
axis, and other morphological modifications connected with fertili-

zation. These are obviously too numerous, as may best be shown
by a single comparison with the view of aa animal morphologist
Thus Huxley, in discussing the arrangement of the vertebrata,

recognizes only three processes of modification, not only in the

ancestral evolution of tne Equidse, but in the individual develop-

ment of animals generally ; these are " (1) excess of development
of some parts in relation to others, (2) partial or complete suppres-

sion of certain parts,' (3) coalescence of parts originally distinct."

It is probable that thii ''threefold law of evolution" may include

ail observed cases of.change, oven in the flower ; thus Chorisis and
Peloria may be regarded as peculiar forms of excess, while displace-

ment is probably in all cases only apparent, and really due tt>

adhesion or coalescence (see Biology, voL iii. p. 681 sq.)}^

§ 7. Nature of Morphological Correspondence— Gaiegories of
Homology.—To indicate all the steps by which the idea of mor-
phological has been distinguished from that of physiological

resBinblance would be to examine the whole history of morphology;
it must suifice to discuss the terminology of the subject which has,

as ever, served not only as an index but as an engine of progress.

For these two distinct forms of resemblance the terms homology
and analogy gradually became specialized, and were finally estab-

lished and clearly defined by Owen in 1843,—" the former as the
same organ in different a limals under every variety of form and
function (e.g., fore-limbs of Draco volants and wings of Bird) ; the
second as a part or organ in one animal which haa the same function

' Compare A. de 8t-Hilalre, Mt»T>holosie : Gray, Majvaal, p. 179 (1&6S);
Huiley, Prx. Zoo'. Stviety, p. 619, Lond., 1880.
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as another p&rt or organ in a different animal {e.g., parachute of

Draco and wings of Bird)." He further distinguishes three kinds
of homology :— (1) special, being " that above defined, namely, the
correspondence of a part or organ determined by its relative position

and connexions with a part or organ in a different animal, the
determination of which homology indicates that such animals are

constituted on a common type," c.y., basilar process of human
occipital witli basi-occipital of fish; (2) genera!, that "higher
relation in which a part or series of parts stands to the fundamental
or general type, involving a knowledge of the type on which the

group in question is constituted," e.g., the same human bone and
centrum of the last cranial vertebra ; (3) serial homology, "repre-
sentative or repetitive relation in the segments of the same skeleton "

(demonstrated when general and special homologies have been
detennined) ; thus usually the basi-occipital and basi-sphenoid

are "homotypes." These tenns were hencefortli accepted by
naturalists ; but tlie criterion of analogy and homology became
for Agassiz and other embryologists developmental as well as

comparative, reference to the ideal archetype becoming less

and less frequent. Passing over the discussions of Agassiz and
Bronn, of which the latter is criticized and partly incorporated
by Haeckel, we find the last-named (1) placing serial under general

homology
; (2) erecting categories of homology partially corre-

sponding to those of individuality,—(a) hornotypy (of antimeres),

hence distinct from that of Owen, (i) homodynamy (of metameres),
(c) homonomy (of parts arranged on tmnsverse axes) ; (3) defining

special homology in terms of identity of embryonic origin. In
1870 this latter point was more fully insisted upon by Ray Lan-
kester, who, decomposing it into tv/o others, proposed to supersede
the term homology by homogcny, being the correspondence pf
common descent, and homoplasy, denoting any superinduced
correspondence of position and structure in parts embryonically
distinct. Thus, the fore-limb of a mammal is homogenous with
that of a bird, but the right and left ventricles of the heart in

botli are only homoplastic, these having arisen independently since

the divergence of both groups from a uni-ventriculate ancestor in

relation to similarity of physiological needs. Mivart next pro-

Eosed to retain homology as a generic term, with homogeny and
omoplasy as two species under it, and carried the analysis into

freat detail, distinguishing at first twenty-five, but later fifteen,

inds of correspondence ;— (1) parts similar in function only, e.g.,

legs of Lizard and Lobster ; (2) parts similar both in function and
relative position, wings of Bat and Bird

; (3) parts of comhion
descent, fore-limb of Horse and Rliinoceros; (4) parts of similar

embryonic origin, whatever be their racial genetic relations, e.g.,

occipitals of Panther and Perch ; (5) parts of dissimilSr embryonic
origin, whatever be their racial genetic relations, e.g., legs cf

Diptera ; (6, 7, 8, 9, 10) laterally, vertically, serially, antero-

posteriorly, and radially homologous parts ; (11) subordinate

serial homologues, eg'., joints of antenna ; (12 and 13) secondary

and tertiary subordinate serial homologues ;
(1-4 and 15) special

and general homologies (in Owen's sense). In his Kalksehvjdimne
Haeckel proposed to terra; homophyly the truly phylogenetic

homology in opposition to homomorphy, to which genealogie basis

is wanting ; and finally Von Jhering has published a repetition of

Laukester'a view.

In this discussion, as in that of individuality, it is evident that

we are dealing with numerous logical cross-divisions largely corre-

sponding, no doubt, to the complex web of inter-relations presented

by nature, yet remaining in need of disentanglement. Though we
must set aside analogies of functional activity, the resemblances

in external shape or geometric ground-form which correspond to

these, e.g., Hydrozoa and Bryozoa, Fishes and Cetaceans, mimetic
organisms, are nevertheless, as our historic survey showed, the
first which attract attention ; and these homoplastic or homomor-
phic forms, as Haeckel has shown, come as fairly within tho province
of the promorphologist as do isomorphic crt'stn's within that of

his an-organological colleague the crystallograplier. Here, too,

would be considered "radial," "vertical," "lateral" homology,
" homotypy of antimeres," and all questions of symmetry, for which
Haeckel's nomenclature ot homaxonial, hoirwpolic, &c. , is distinctly

preferable. Entering the field of tectology or morphology in the

ordinary sense, we may next consider whether two organisms com-
pared are of the same category of individuality—are homocatcgoric

;

and under this serial homology, for instance, would come as a
minor division, the correspondence between the units or parts of

units of a linear dyad-deme or triad. From a third point of view,

that of the embryolorist we trace the development of each raulti-

coUuTar organism (l)irom th£ embryonic layers and systems into

wtieh the secondary unit (gastrula or plant embryo) differentiates,-

(2) fro'm a unit-deme or unit of the inferior order or orders of

individuality. The parts and units thus recognized by ontogenetic

research, respectively or successively homodermic, homosystcmic,

and homodemic, may then conveniently be termed (indifferently

save for considerations of priority) either "specially homologous,"
" homogenous," " homophylic," or "homogenetic," in the language
of phylogenetic theory. These three great classes of morphological

correspondence—promorphological, tectological, and cmbr>'ological—may or may not coincide. But the completebt homology,
in which all forms of resemblance unite and from whirh they
differentiate, is that expressed in the cell theory, or rather in that
onim theory which underlies it, and which Agassiz therefore not
unjustly regarded as " the greatest discovery in the natural sciences
of modern times."'

§ 8. HcsuUs to Taxonomy.—The advance and modification of
classifications which follow each morphological advance have been
pointed out above, and taxonomy thus never quite reaches a level
with morphological knowledge. That it requires much refonn at
present is obvious. Although the dogma of the constancy of species
is no longer maintained, its results survive, and perhaps a majority
of groups have still to be remonographed in the generalizing spirit
with which Haeckel has treated the calcareous Sponges, or Car-
penter, Parker, and Brady the Foraminifera. The union of the
Protophyta and Protozoa into the Protista (a generalization which
research is constantly confirming) involves a final abandonment of
the mcdia:yal figment of three kingdoms of nature, and a revival of
the Organisata of Linn;eus. Physiological prejudices, too, are not
completely expelled ; hence, for instance, the constant attempts
to separate Animalia and Vcgetahilia by physiological character-
istics, w iiich would be irrelevant even if in tlicmselvcs valid. A
strictly morphological standard must be applied to the construction
of classifications and the pruning of genealogical trees ; organisms
are " higher" or " lower " not according to their stage of evolution
in beauty or intelligence hut (as Huxley has most clearly pointed
out in the essay referred to under § C) to "the degi-ee of morphological
differentiation by excess, suppression, or coalescence which they
exhibit. Thus the supreme position of Man in classification must
be abandoned, since the Primates are simply one of the less special-
ized, i.e., lower orders of Mammali!, and the Mammals themselves
are on the whole distinctly less specialized than the Birds, or per-
haps even some of the higher Reptiles. The morphological import-
ance of the "vegetable kingdom " sinks when tested by such a
standard. The Cormophytes are all nothing more than, an axis
with appendages, and as such may fairly be comijared, not with
the entire animal assemblage, but merely to that group which is

homomorphic (or rather isomorphic) with them as reducible to
axis and appendages too. Such a group we find in the Hydronie-
dusa;, which we can easily model in imagination into all the special-
izations of the floral world, a single genus like Clava or Tubularia
affording a starting-point for countless "natural orders."

§9. delation of Morphology to Physiology.—A.W\ongh. the pure
morphologist investigates laws of structure only, and rightly elimi-
nates the conceptions of life, environment, and function, yet if kept
permanently apart from physiological considerations his labours
would be incomplete and his results inexplicable, if not indeed
almost LUusory. For, however deeply one penetrates through super
ficial and adaptive characters to an appai-ently permanent and
fundamental morphological type, this is itself but an eariier ndapta-
tion, showing the fading traces of an earlier adaptation still. And,
conversely, the most superficial of adaptive characters, if trans
mi1;ted to numerous varying descendants, may attain high morpho-
logical importance. The morphological aspect of an organism is

merely statical, and, like that of an eddy or a vortex-ring, becomes
only truly intelligible -n-hen viewed in its dynamic aspect ; and
thus, though the demonstration of the structural unity of the
organic world is iii itself a great result, yet the desire of a deeper
explanation of form as determined by function and environment
is thereby rendered all tho more pressing. An example may be
taken from botany. Thus Airy beautifully explains the pheno-
mena of phyllotaxis as adaptations to bud-life. Or again, in a
common flower, say the Dead-nettle, all the details of form are in-
deed described by the systematist with equal minuteness (a pro
ceeding which, except in so far as serving for specific identification,
is of no further scientific value), but receive separate interpretation
from the two distinct standpoints of the morphologist and physio-
logist. The latter, to whom form is important merely so far as
explanatory of function, shows how the tough persistent calyx is
protective against various dangers, how the corolla serves to lure
tho fertilizing bees, which find in its lip a landing st.ago and in
each lateral process a hold-fast, while its hood at once protects tho
pollen against rain and determines the curvatin-e of the stamens,

—

this curvature, as -n-ell as their didynaraous arrangement, median
position, and linearly arranged anther-lobes being all adaj.tations
through the medium of the bee's hairy back to meet the similarly
placed stigma of another flo-n'er,—and so on. The morphologist,
on the other hand, analyses the calyx into its five constituent sepals,
reduces the corolla to a regular pentamerous type, ascertains tho
position of tho four stamens, and asserts the loss of a fifth posterior
one, finds the ovary to be primitively two-celled, and thus reaches
a schematic conception of a not archetypal but ancestral form.
This ground-form itself, however, suggests a new train of considera-
tions both morphological and physiological respecting the origin of

1 For bibliography see, tanke5t«r. .4n._ J/aj. A'of. llisl., 1S70, or GclileZ
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this primeviil flower from a somewhat fern-like Cryptogam, of which
the foliage-leaves, the envelopes of the spore-bearing leaves, the
micro- and ma^rosporangiosphores had become permanently difier-

entiated in as.'ending order ; of which the microspores, doubtless

through the intervention of s spore-eating insect, had come to ger-

minate upon the macrosporangium instead of upon the ground ; and
in which this variation (evidently advantageous, since making ferti-

lization at onco more certain and more economical) was aided to per-

petuate itselfbythe contemporaneous evolution of those floral colours

which are nascent even among the Thallophytes. And thus the mor-
phologist, though excluding teleological aud functional considera-

tions from his anatomical researches, has yet a physiolosical ideal,

and enters sooner or latei- upon a new series or inquiries—those of the

interdependence of structure and function. Milne- Edwards's law of

the physiological division of labour, Dohrn'e principia of functional

changs, the speculations of Claude Bernard, Spencer, and Haeckel,

experimental inquiries such as those of Semper, where organisms

are subjected to special modifications of their environment, and
the like, are all contributions to this newest and evolutionary

department of morphology. Such ideas are even applied to the

Btady of cellular morphology. Thus, Spencer points out the relation

of the shapes of ctlls to their environments ; James ingeniously
explains the occurrence of cell-division by the rapid iccrsaso oi
bulk over surface which the growth of a solid involves, and tho
corresponding increase of difficulty of nutrition ; and the writer
has attempted to explain the forms of free and united cells a^
specializations of a (protomyxoid) cycle in which variatiojis of fimc-
tional activity are accompanied by the assumption of corresponding
forms, the whole series of changes depending upon the properties
of protoplasm under the variations in the supply of energy d'orn

the environment. Kauber, His, and others have even attempted to
explain embryological phenomena in terms of the simplest cellular
mechanics, but as yt such speculations are somewhat crude.'

§ 10. OrioiUation and SubdivisUms of Morphology.—Thd position
of morphology in the classification of tho sciences and the' proper
mode of subdividing it cannot be discussed within these uniits,

although the latter is especially the subject of much disagreement
The position above assumed, that of including under morptiology
the whole statical aspects of tho organic world, is that of ilaeckef,
Spencer, Huxley, and most recent animal morphologists ; botanists
frequently, however, still use the term under its earlisr and toore
limited significance.' (P, GE.)

MORRIS, Robert (1734-1806), American statesman,

was born at Liverpool, England, on 20th January 1734.

At the age of thirteen he accompanied his father to America,

and after serving in a counting-house at Philadelphia

he became in 1764 partner in the business. From 1776

to 1778 he was delegate to the Continental Congress, and

he was one of those who signed the Declaration of Inde-

pendence. During the war he served on the committee of

ways and meaqs, and freely placed his immense wealth at

the disposal of his country, his personal credit being at

one time pledged to the amount of $1,400,000. He also

in 1780 established the Bank of North America, and until

1784 acted as superintendent of finance. In 1786 he be-

came a member of the Pennsylvania legislature, and he was

one of the convention which framed the Federal constitu-

tion in 1787. From 1786 to 1795 he was United States

senator. On account of the disastrous result of some of

his financial speculations Morris passed the later years of

his life in a debt prison. He died at Philadelphia, 8th

May 1806. Robert Morris had as his assistant-superin-

tendent of finance Gouvemeur Morris (1752-1816), with

whom he engaged also in several mercantile enterprises.

Gouvemeur Morris, who rose to some eminence as a states-

man and orator, was more fortunate in his speculations

than his colleague, and latterly became celebrated for the

munificence of his hospitality. He was the author of a

series of essays on currency and finance, which are included

in the Life, Con-espondence, and Writings of Gouvemeur
Morris. 3 vols., edited by Jared Sparks, 1832.

MORRIS-DANCE, or Moeeice-dance, a performance

for a long time associated with certain festive seasons in

England, but now whoUy discontinued. The origin of the

name is doubtful ; and whether the dance was indigenous

to England, or was introduced by John of Gaunt from

Spain, or was boiTOwed from the French or Flemings,

must be left to conjecture. That, as the name would

Beem to indicate, it was a development of the morisco-

dance or Spanish fandango is not, however, invalidated

by the fact that the morisco was for one person only, for,

although latterly the morris-dance was represented by

various characters, uniformity in this respect was not

always observed, and the elements of the dance may have

been borrowed frojn the morisco. There are few references

to it earlier than the reign of Henry VII., but it would

appear that in the reign of Henry Vill. it was an almost

essential part of the principal village festivities. Although

allusions to it in poems are very frequent in the 16th and

17th centuries, nothing more than fragmentary descriptions

have been handed down to us, so that an accurate know-

ledge of its characteristic features at even any particular

period is impossible. In earlier times it was usually

danced by five men and a boy diessed in a girl's habit,

who was called Maid Maiian. There were also t?wi>

musicians; and, at least sometimes, one of the dancers,

more gaily and richly dressed than the others, acted tis

"foreman of the morris." The garments of the dancers
were ornamented with bells tuned to different notes so as to

sound in harmony.' Robin Hood, Friar Tuck, and Littla

John were characters extruneous to the original dance,

and were introduced when it came to be associated with
the May-games. At Betley, in Staffordshire, there is a
painted window of the time of Henry VIII., or earlier,

portraying the morris,-—the characters including Maid
JIarian, Friar Tuck, the hobby-horse, the piper, the tabourer,

the fool, and five other persons apparently representing

various ranks or callings. The hobby-horse, which, lattM'ly

at least, was one of the principal characters of the dance,

consisted of a wooden figure attached to the person of the

actor, who was covered with trappings reaciiing to the

ground, so as to conceal his feet. The morris-dance was
abolished along with the May-games and other festivities

by the Puritans, and, although revived at the Restoration,

the pageant gradually degenerated La character and declined

in importance. Maid Marian latterly was personated by

a clown who was called Malkin. Though the daace is now
wholly discontinued, it is probable that some of the originaJ

elements of it still survive in a country-dance which, under

the same name, is still popular in the north of England.

See Douce, "Dissertations on the Ancient Morris Dance,-" in hi;

Bluslrations ofShakspeare (1839) ; Strutt, Sports and Pastimes ofIkt

People ofEngland ; and Brand, Popular Antiquities (1849).

MORRISON, RoBEKT (1782-1834), the first Protestant

missionary to China, was born of Scottish pajents at

Morpeth, Northumberland, on 5th January 1782. Aftei

receiving an elementary education in Newcastle, he was

apprenticed to a lastmaker, but his spare hours were

devoted to studies connected with theology, and in 1805

he was received into the Independent academy at Hoxtoii.

In the following year he offered his services to the London

Missionary Society, by which, after he had attended the

mission college of Gosport and studied Chinese under a

native teacher, he was sent to Canton in 1807. He was

appointed translator to the East India Company's factory

' See, BlOLOOY, vol. iii. p 681 sq. ; Spencer, Principles of Biol.
;

Haockel, Gen. Morph. ; C. Bernard, Phinoniiws d. I. vie communs

aux an, el aux -oig. ; Semper,' Animal L\fe (1880) ;
James, EdAV..

Med. JimrnaX, 1883 ; Geddes, Zool. Anzei^tr, tS83 : tiauber, Morph,

Jahrb,, vi. ; Hanckjl, KcUkscliuiamiiui, i. p. 481, &c.

^ See Haeckel, Uen. Morion, i. lutroductlou ; also Corate, Phxl

Pus., iii. (1851-1864); Spencei, frii^ V Biol., i. ; Oegei,baor, Comp.

Atiat. ; Asa Gray, Manual ; and the articla BlOLOor ; ako Oeddes,

Jena Zeitschr., 1883.
8 See Sir Walter Sootfs Fur Maid if Perth, aote on a dress pre-

served by the glover incorporation of Perth.
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there in ISOS, and, in addition to his official duties con-

nected with this post, laboured with intense application

at a C/iincse Grammar and a translation of the New
Testament, both of which ware published in 1814. In

1817 he published A View of China for Philological Pur-

poses, and his translation of the entire Bible was completed

in the following year. His next enterprise was the estab-

lishment of an Anglo-Chinose college at Malacca for " the

reciprocal cultivation of Chinese and European literature,"

which was opened in 1820. In 1S21 his Chinese Dictionary

was published by the East India Company at an expense

of £1.5,000. Leaving China at the close of 1823 he spent

'two years in England, where he advocated Chinese missions

before large and enthusiastic audiences, and was elected a
Fellow of the Royal Society. Returning to China in 1826
he set himself to promote education and to prepare a
Chinese commentary on the Bible and other Christian

literature. He died at Canton on 1st August 1834. His
Memoirs, compiled by his widow, were published in 1839
(2 vols. 8vo, London).

ilORRISTOWN, a city of the United States, county
seat of Morris county. New Jersey, lies on the ^^^lippany

river, 81 miles from New York by the Jlorris and Essex
division of the Delaware, Lackawanna, and Western Rail-

road. It w^as twice the headquarters of the American
army during the War of Independence, and Washington's
residence, o\vned by the Washington Association, assisted

by, the State, is a half-mile to the east. On Whatnong
mountain, 3 miles distant, stands the State insane asylum,

usually called Jlorristown Asylum, a vast granite building

1243 feet long, erected in 1874-1875, and capable of ac-

commodating 1000 patients. The population in 1880
was 5418.

MORSE, Samuel Finley Beeese (1791-1872), artist

and inventor, was born at the foot of Breed's Hill, Charles-

town, Massachusetts, on 27th April 1791. His father was
the Rev. Jedediah Morse, D.D., the- author of Morse's

Geography. At the age of fourteen Samilel Morse entered

Yale College ; under the instruction of Professors Day and
Silliman he received the first impulse towards those elec-

trical studies with which his name is mainly identified.

In 1811 Morse, whose tastes during his early years led

him more strongly towards art than towards science, be-

came the pupil of Washington Allston, then the greatest of

American artists, and accoiiipanied his master to England,
where he remained four years. His success at this period

was considerable; but on his return to America in 1815
he failed to obtain commissions for historical paintings,

and after working on portraits for two years at Charleston,

S.C., he removed first to Washington and afterward." to

Albany, finaUy settling in New York. In 1825 he laid

the foundations of the National Academy of Design, and
was elected its first president, an office which he filled

until 1845. The year 1827 marks the revival of Morse's

interest in electricity. It was at that time that he learned

from Professor J. F. Dana of Columbia College the ele-

mentary facts of electromagnetism. As yet, however, he
was devoted to his art, and in 1829 he again went to

Europe to study the old masters.

The year of his return, 1832, may be said to close the

period of his artistic, and to open that of his scientific life.

On board the packet-ship "Sully," which sailed from
Havre 1st October 1832, while discussing one day with

his fellow-passengers the properties of the electromagnet,

he was led to remark :
" If the presence of electricity can

be made visible in any part of the circuit, I see no reason

why intelligence may not be transmitted by electricity."

It was not a novel proposition, but the process of formu-

hXvag it started in his mind a train of new and momentous
ideas. The current of electricity, he knew, would pass

instantaneously any distance along a. wire ; and if it were
interrupted a sjjark would appear. It now occurred
to him that the spark might represent a part of speech,
either a letter or a number ; the absence of the spark,
another part ; and the duration of its absence, or of the
spark itself, a third, so that an alphabet might be easily

formed, and words indicated. In a few days he had
completed rough drafts of the necessary apparatus, which
he displayed to his fellow-passengers.^ During the twelve
years that followed Morse was engaged in a painful struggle

to perfect his invention and secure for it a proper presenta-
tion to the public. The refusal of the Government to com-
mission him to paint one of the great historical pictures in

the rotunda of the Capitol seemed to destroy all his old
artistic ambition. In poverty ho pursued his new enter-

prise, making his own models, mould-s and castings, deny-
ing himself the common necessaries of lif« and encountering
embarrassments and delays of the most disheartening k'nd.

It was not until 1836 that he completed any apparatus
that would work, his original idea having been suople-

mented by his discovery in 1835 of the "relay," by means
of \i aich the electric current might be reinforced or renewed
where it became weak through distance from its source.

Finally, on 2d September 1837, the instrument wa.s

exhibited to a few friends at his room in the university

building, New York, where a circuit of 1700 feet of copper
wire had been set up, with such satisfactory results as to
awaken the practical interest of the Messrs Vail, iron and
brass workers in New Jersey, who thenceforth became asso-

ciated with Morse in his undertaking. Morse's petition

for a patent was dated 28th September 1837, and was
soon followed by a petition to Congress for an appro-
priation to defray the expense of subjecting the telegraph

to actual experiment over a length sufficient to establish

its feasibility and demonstrate its value. The committee
on commerce, to whom the petition was referred, reported

favourably. Congress, however, adjourned without making
the appropriation, and meanwhile Morse sailed for Europe
to take out patents there. The trip was not a succesSu

In England his application was refused, on the alleged

ground that his invention had been already published

;

and, while he obtained a patent in France, it was subse-

quent'ly appropriated by the French Government ^^-ithont

compensation to himself. His negotiations also with Russia
proved futile, and after a year's absence he returned to
New York. On 23d February 1843 Congress passed the
long-delayed appropriation, steps were at once taken to
construct a telegraph from Baltimore to Washington, and
on the 24th of May 1844 it was used for the first time^

Morse's patents were already secured to him and his asso-

ciates, and companies were soon fornled for the erection of

telegraph lines all over the United States. In the year

1847 Morse was compelled to defend his invention in the

courts, and successfully vindicated his claim to be called

the original inventor of the electromagnetic recording tele-

graph. Thenceforward Morse's life was spent in witnessing

the growth of his enterprise and in gathering the honours

which an appreciative public bestowed upon him. As
years went by he received from the various foreign Govern-
ments their highest distinctions, while in 1858 the repre-

sentatives of Austria, Belgium, France, the Netherlands,

Piedmont, Russia, the Holy See, Sweden, Tuscany, and
Turkey appropriated the sum of 400,000 francs in recog-

nition of the tise of his instruments in those countries. In
the preparations for laying the first Atlantic cable he took

an active part, though the attempt of 1857, in which he

personally engaged, was not successful. He died 2d April

' Five' years later the captain of the ship identified under oath

Morse's completed instrument with that which Morse had explained

on board the "Sully " in 1632.
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ISTSJ, at New York, whore his statue in bronze now stands

in the Central Park. His instrument and alphabet are

20W used on 95 per cent, of the telegraph wires of the

world. (s. I. p.)

MOKSHANSK, a district tovra of Russia, situated in

the government ot Tamboff, 58 mi'es (187 miles by rail)

to the north of the capital of the province on the Tsna
river, a tributary of the Oka, and on tho railway between
Moscow and Orenburg. Tha village Morsha was founded
only in the middle of the 17th century, and received

municipal institutions in 1779 ; but a hundred years ago it

was already a wealthy town, owing to its situation in a
most fertile district. Since it was brought into railway

communication with Riazhsk (on the railway between
Moscow and Eiazan) it has acquired still more importance,

and has become the chief centre for trade in wheat raised

in the governments of TamboiSf, Penza, Saratofif, and in the

eastern districts of the government of Riazan. Merchants
from Moscow, Yaroslav, Vladimir, St Petersburg, and the

Baltic ports come to Morshansk to make large purchases
of grain, flour, hemp-seed, tallow, and potash. These are

sent, either to the Shilovskaya loading-place, or by rail to

Moscow. There are in Morshansk several steam flour-

miUs, distilleries, and laxge store-houses for grain ; the

town, though built of wood, is cleaner than most of the

towns of the black-earth region. Morshansk has also some
importance for the import of manufactured ware brought
from the north and ssnt thence to the villages of the neigh-

bouring districts. Population, 20,000.

MORTALITY TABLES. See Instoance, vol. xiii. p.

169 sq.

MORTGAGE. The general object of mortgage is to

secure a money debt by making it a charge on land, so that,

if the debt be not paid by a time agreed upon between the

parties, the creditor may sell the land and pay himself

out of the proceeds. In English law this is done by a
conveyance of the land in absolute terms to the creditor,

subject only to its being defeated if the debt should be

paid at the time fixed—an arrangement to which the law
has attached peculiar incidents designed to carry out its

real object. An absolute conveyance, however, is by no
means essential to the purposes of mortgage.

The history of mortgage transactions in Roman law
shows three well-marked stages. In the beginning the
estate was conveyed absolutely to the creditor, who made
a covenant (fiducia) to reconvcy it when the debt should
be paid. All the interest, however, in the meantime passed
from the debtor to the creditor, and should the latter

refuse to reconvey there was no remtedy to the original

owner except a personal action. In the second stage

(that of pignus) the property did not pass to the creditor

;

he merely received possession of the thing pledged, together
with certain rights of sale, <fec., in the event of payment not
being made at the time appointed. Lastly, without part-

ing with the possession even of the pledge the debtor

could create a lien or charge {hypotheca) over it in favour
of the creditor, who acquired thereby a right on failure

of payment to foUow the thing by real action against the

possessor, whosoever he might be, and to repay himself
from the proceeds of his sale.

The mortgage of English law is the result of two dis-

tinct influences. Its origin and form belong to the common
law ; the restrictions by which it is made to serve the
purpose of a security only, and nothing more, belong to the

courts of eqtiity. In the eye of the common law the

mortgagee was the owner of the estate conveyed in the

mortgage ; in equity the mortgager remains the real owner,
and the mortgagee is merely an encumbrancer. A, the

owner of land in freehold, conveys to B and his heirs, with

a proviso that on repayment of money lent by B to A^ on

a future day, with interest until payment, B or his hei«
will reconvey the estate to A and his heirs, and that, until

default be made in payment, A and his heirs may hold

without interruption from B and his heirs. This is a

common mortgage of land, and at law, after failure of

payment, the, land belonged absolutely to the mortgagee,

while in the meantime, before pajTnent, the legal estate

was considered to be vested in him, subject only to being

defeated by payment at the proper time. The Court of

Chancery first interfered in the reign of James I. to decree

a redemption after forfeiture, and a case in the reign of

Charles I. decides that payment after forfeiture has the

same cfiect as payment before. The right of the mort-

gager to redeem his estate after it has been forfeited,

according to the terms of the deed, is called bis equity of

redemption. No agreement between the parties was sufi"ered

to oust the jurisdiction of the court, or to deprive the

debtor of his equity of redemption. And this equity, at

first regarded as a mere right of the debtor, becanao

established in course of time as an estate in land which
descended to the heirs of the mortgager. On the other

hand, the interest of the mortgagee is part of his personal

estate, and passes to his executor and not to his heir. In

spite of the terms of the mortgage, the owner of the land

is still the owner, and the mortgagee is a creditor for the

money he advanced and the interest thereon. It may be

a question whether a given deed is a conveyance or a
mortgage, and the court, in deciding, will look at all the

circumstances of the case, and will treat it as a mortgage
when it was the real intention of the parties that it should

operate as a security only. Thus, if the price was grossly

inadequate, if the purchaser was not let into immediate pos-

session, if he accounted for the rents to the grantor, retaining

an amoimt equivalent to interest, if the expense of the

deed was borne by the grantor, there would be reason to

believe that the conveyance was only meant to be a mort-

gage. And " once a mortgage, always a mortgage ;
" no

subsequent agreements can change its character.

A mortgagee may, however, on default of payment file

a bill of foreclosure requiring the mortgager to pay the

amount of the debt with interests or costs by an appointed

day, or submit to be deprived of his equity of redemption.

The eflfect of failure to pay by the time appointed would
be to make the mortgagee absolute owner of the estate

;

but the court in aay foredosure suit may, at the request

of either side, ordsr a sale instead of a foreclosure. And
a power of sale is now implied as one of the incidents of

the mortgage, unless forbidden or varied by express des-

tination. The mortgagee la entitled to retain out of the

proceeds of the sale the amount of his principal,*interest,

and costs, the surplus belonging to the mortgager. A
mortgager cannot require the creditor to receive payment
before the time appointed in the deed ; and, on default of

payment at the appointed time, he must give the creditor

six months' notice of his intention to pay ofi' the mortgage,

so that the creditor may have time " to look out for a

fresh security for his money."
When the same land is successively mortgaged to different

persons, their rights take priority according to their chrono-

logical order. But the operation of equitable doctrines

in tho formation of the law of mortgage leads to an im-

portant modification of this rule. Of the successive mort-

gagees, the first only takes the legal estate, and this,

according to the maxim of the Court of Chancery, will

turn the scale when there is an equality of equitable rights

between two contracting parties. Thus, if the third mort-

gagee had no notice at the time of making his advance of

the existence of the second mortgagee, the equities of the

two claimants are supposed to be equal, and if nothing

else intervened priority of time would decide tlve order of
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their rights. But if the third mortgagee gets an assign-

ment of the first mortgage, he can tack his third mortgage
to the first, and so postpone the second mortgagee. And
if the first mortgagee himself makes an additional advance

after the date of the second mortgage, but without notice

of it, his whole debt will take precedence of the second

mortgagee. A similar result of equitable rules is seen in

the consolidation of securities. Two separate estates,

mortgaged at different times and for different sums of

money by the same mortgager to the same mortgagee, are

regarded as con.volidated, so that the whole of the land

becomes security for the whole of the money, and the

owner cannot redeem either mortgage wthout redeeming
the other. So that, as Mr Justice Williams reasons, no
person can safely lend money on a second mortgage, for,

in addition to the risk of a third mortgagee tacking, there

is the danger that, if the mortgager should have mortgaged
another estate for more than its value, the holder of the

deficient security may buy in the first mortgage, consoli-

date it with his own, and exclude the second mortgagee.

An equitable mortgage is constituted simply by the

deposit of title-deeds in security for money advanced.

The enactment of the Statute of Frauds that no action shall

be brought on "any contract or sale of lands," &c., or any
interests in or concerning them unless the agreement be

in writing and signed by the party to be charged, has been
cited as incompatible with the recognition of equitable

mortgages, but it is argued by Lord Abinger that the Act
was never meant to affect such a transaction. The deeds

which are the evidence of title could not be recovered in

an action at law, and, if they were claimed in equity, the

court would require the claimant to do equity by repaying

the mjney borrowed on the deposit. Any subsequent

legal mortgagee, having notice of the deposit, will be post-

poned to the equitable mortgagee, and when the legal

mortgagee has not inquired as to the title-deeds the court

will impute to him such knowledge as he would have

acquired if he had made inquiry.

As to mortgages of personal property see Pledge.
United States.—In the United States there is great diversity in

the extent to which equitable principles have been formally substi-

tuted for the rules of the common law in dealing with mortgages.

Washburn {Law of Real Property, vol. ii. ) arranges the States into

three "pretty well - defined classes." In the first, the mortgage

deed is held to create a seizin of ard an estate in the premises, with

all its common law incidents, to be enforced if need be by eject-

ment. In the second, the mortgagee's rights are limited to such

as the rules of equity prescribe, and may not be enforced by a suit

at law. In the third, the mortgagee's interest is not deemed an
estate at all, but is here only to be enforced by the sale of the pre-

mises as a means of paying the debt. In the first class come
Massachusetts, Maine, Connecticut, New Hampshire, Rhode Island,

Vermont, Indiana, Missouri, North Carolina, Mississippi, Minnesota

;

in the second, Iowa, Illinois, Pennsylvania, Kentucky, Ohio,

Wisconsin, and Texas ; in the third, CaUfomia, Georgia, and New
York, to which may be added Oregon. (E. K.)

MOETIFICATION, a term used in surgery signifying

a local death. Any cause which interferes with the blood-

supply of a portion of the body will, if sufficiently pro-

longed or sufficiently severe, give rise to mortification. In

some cases the death may be preceded by inflammation

;

in others, as in old people with diseased vessels, the part

may die in consequence simply of insufficient blood-supply

without any previous inflammation. The part is said to

mortify ; the process is termed gangrene ; the dead part is

called a slough. A severe injury may end in mortifica-

tion. Extreme heat as in severe bums, or extreme cold

as in frost-bite, may give rise to the condition. Those

pwts of the body farthest from the centre of the circula-

tion are most liable to mortification. Frost-bite, for ex-

ample, may attack the toes or fingers as well as those

parts which are most exposed to the cold, more particu-

larly the point of the nose or the ears. The p^rt affected

16—30

becomes pale, bloodless, cold, and insensible. The great

point to attend to is to restore the circulation gradually,

using gentle friction. If the person is brought before a
fire, or if any hot applications are used, then a rapid re-

action may issue ui a severe inflanmiation, which may be
followed by mortifcation. Chilblain is a mild form of

frost-bite occurnug in young people with sluggish circula-

tions, very often caused by sitting down before a strong

fire with cold feet ; any one suffering from cold feet or

hands should take plenty of exercise, and if after a return

from a sharp walk the feet remain cold the heat should be

restored by rubbing with a rough towel.

MORTSiAIN, Statutes of. The object and effect of

these enactments are treated in the articles Chabity and
CoEPOEATioN (q.v.). The following is a list of the Mort-

main Acts :

—

9 Henry III. c. 36 (Magna Charta) ; 7 Edward I. st. 2, c. 1

(De ReUgiosis) ; 13 Edward I. c. 32 ; 13 Edward I. c. 41 ; 18 Ed-
ward I. St. 1, c. 3 ; 27 Edward I. st. 2 ; 31 Edward I. st. 3 ; 18
Edward III. st. 3, c. 3 ; 15 ilichard II. c. 5 ; 21 Henry VIII. c. 6,

s. 6 ; 23 Henry VIII. c. 10 ; 1 and 2 Philip and Mary, c. 8, s. 51 ;

35 Elizabeth, c. 4 ; 21 James I. c. 1 ; 13 and 14 Charles II. c. 6,

s. 10 ; 29 Charles II. c 8 ; 7 and 8 WUliam III. c. 37 ; 9 George II.

c. 36 ; 43 George III. c. 108 ; 9 George IV. c. 85 ; and 2 and 3
William IV. c 116.

MORTON, James DotrcLAS, fourth earl of (1530-1581),

regent of Scotland, second son of Sir George Douglas of

Pittendriech, was bom at Dalkeith in 1530. Having
married Elizabeth, daughter of the third earl of Morton,

he througl) her succeeded in 1553 to the title and estates

of his father-in-law. After the retiirn of Queen Mary in

1561 he was chosen a privy councillor, and in 1563 he
became lord high chancellor. Though his sympathies were

Protestant, he took no part in the combination of Protestant

barons in 1565, but he headed the armed force of 150 men
who took possession of HoljTOod Palace to effect the assas-

sination of Eizzio, and it was to his house that the leading

conspirators adjourned while a messenger was sent to obtain

Mary's signature to the "bond of security." The queen,

before complying with the request, escaped to Dunbar,
and on her return to Edinburgh with an escort of 2000
men Morton and the other leaders fled to England. After

her marriage with BothweU, Morton returned, and with

600 men appeared before Borthwick Castle, where the

queen, in dread of a rising, had taken refuge. He was
present at the remarkable conference at Carberry Hill,

and he also took an active part in obtaining the consent

of the queen at Lochleven to an abdication. Thereupon
he was reappointed lord high chancellor, and also succeeded

BothweU as lord high admiral. On the death of the earl

of Mar he became regent (October 1572J. Through his

persistence in recovering the crown jewels from the countess

of Argyll, widow of the earl of Moray, Morton awakened
the bitter animosity of Argyll and Athole, who persuaded

the yotmg king James VI. to assume the government.

Morton deemed it prudent to resign, and for a time retired

to Lochleven, but shortly afterwards, with the assistance

of his nephew, the earl of Mar, he obtained possession of

Stirling Castle, where the king was residing, and thus for

a time recovered his old influence. Suddenly, however,

he was accused by James Stewart, earl of Arran, of having

taken part in the murder of Darnley, the father of the

king, and being tried by a jury of sixteen peers, most of

whom were his enemies, was condemned to death and be-

headed on 2d June 1581.

MORVEAU. See Guytojt de Morveait.

MOSAIC (late Greek i/'^<^oxris, from <fyj<t>os, a small

stone ; also /iovo-cfov, i.e., refined, delicate work ; hence the

Latin opus musivum) \a the fitting together of many,

generally small, pieces of marble, opaque glass, coloured

clavs, or other substances, so as to form a pattern ; the



850 MOSAIC
design rnay be of various degrees of elaboration, from tlie

eimplest, almost monochromatjc, geometrical pattern to

the most elaborate picture, with figure-subjects represented

in colours of countless gradations.

The earliest existing specimens of mosaic belong to one

of the less important branches of the art— namely, the

ornamentation on a small scale of jewellery, ivory thrones,

pnd other furniture, or more rarely of some elaborate archi-

tectural ornament. Mpst of this earliest sort of mosaic

yesembles in execution what are caWed. doisonnee enamels.

In the Louvre and in the British Museum are preserved

some very beautiful ivory carvings in low relief, some from

Nineveh and others from Egypt, in which figures of deities,

ornaments formed of the lotus and papyrus plants, and

royal cartouches are enriched by small pieces of glass or

la}iis-lazuli and other gem-like stones, which are let into

holes made in the ivory. Each minute piece is separated

trom the next by a thin wall or cloison of ivory, about as

thick as cardboard, which thus forms a white outline, and
pets ofifthe brilliance of the coloured stones. The favourite

pattern in this sort of work for decorating the larger sur-

faces appears to have been suggested by the feathers on a

bird's wing. See Ivory, vol. xiii. pl.vii. fig. 3.

Recent excavations at Tel al-YAhudtya in Lower Egypt
Lave brought to light some mosaics on a larger scale, but

treated in the same way. These are caps of columns, wall

tiles, and other objects, either of white limestone or earthen-

ware, in which designs, chiefly some forms of the papyrus,

are formed by brilliantly-coloured bits of glass or enamelled

Earthenware, let into a sinking in the tile <tr column.

This form of mosaic was employed by the Greeks : the

Erechtheum at Athens, built in the middle of the 5th

century B.C., had the bases of some of its white marble
columns ornamented with a plait-like design, in which
pieces of coloured glass were inserted to emphasize the
main lines of the pattern.

Another, quite different sort of mosaicj.was Ijnown' to
the Egyptians of the Ptolemaic and Roman periods Thia

i

is made entirely of glass, and is extremely minute. _T3ie

finest known specimen is in the British Museum : it is a
small tablet about three-eighths of an inch square, apparently

the bezel of a ring, on which is represented the sacred

hawk,—every feather on the bird's wing being produced
with a great number of colours and tints, each, quite dis-

tinct, and so minute that a strong magnifying glass ^ is

required to distinguish its details.

The way in which this wonderful little nosaic was pro-

duced is extremely ingenious. Numbers of long sticks of

various-coloured glass were arranged in such a way that

their ends produced the figure of the hawk ; other sticks

of blue glass were placed all round so as to form the

ground. The whole bundle of sticks of glass when looked

at endwise now presented the figure of the hawk with a
blue background, immensely larger than it afterwards be-

came. The bundle was then heated till the sticks melted
together, and the whole thick rod, softened by fire, was
then drawn out to a greatly-diminished thickness. In
this process the relative positions of the sticks of coloured

glass forming the design were not altered. A slice of the
rod was then cut off, and its faces polished,—the design,

much reduced in size, of course being equally visible at

both sides of the slice ; and thus the microscopic minute-
ness of the mosaic was produced, with astonishing delicacy

md refinement ; many slices, each showing the same
(nosaic, could be cut from the same rod.

The more important use of mosaic has been on a large

scale either for pavements or for walls' and vaulted ceil-

ings. Mosaic for these purposes has by many writers, both
ancient and modern, been divided on various systems into

ilassea; perhaps the simplest classification is thefoUowing:—

1. T'or Pavements:— (a) Tessefafed, in wliich the design

is formed of small cubes, generally of marble, more rarely

of glass or clay
;

(i) Sedile, formed of larger pieces ot

marble, shaped and cut so as to fit accurately one with
another. II. For Walls and Vaults:—Fictile or vermicxu

lated
;
pieces of opaque "glass, in small cubes, arranged sO

as to form complicated pictures.

This classification is not altogether satisfactory, more
than one method often being employed in the same mosaic^

as, e.g., in the "opus Alexandrinum " of mediaeval .WTiters*

which is often partly tesselated and partly sectile.

Until Roman times we know but little of these kinds of

mosaic. There js some evidence (in Pliny and other

writers) to .show that elaborate mosaic pavements, Xids
(TTpiuTov or Xidokoyrjiia, were made by the Greeks in the

4th century B.C., or even earlier ; but most of .the nu-

merous fine specimens of tesselated work still existing ir

Greece, such as those at Sparta and Athens, must be re

ferred to the time of the Roman occupation. The best.

examples; 'of Hellenic mosaic are -'some pavements dis.

covered during the recent excavations at 01ympia,.(se^

fig. 1 and Ausgrahungen zu Olympia, 1877-82).

Among the Romans the use of mosaic, .both of marble
and opaque, glass, was very extensive. According to

V\\x\y {H.N., xxxvi.- 25), they, derived this-art from the

Greets, but not until the time of the Third Punic ^Var, 146
B.C., , while glass mosaics for « walls, " vitreae parietes,"

were a recent invention in his time. !Many of these have

been found,atjPompeii;^ most commonly they are used to

decorate niches for fountains or statuettes. Judging from
the de.scriptibn given 'by^Vitruvius (vii. 1), and an examina-i

tion of numerous specimens of Roman tesselated mosaicsi

Fic. 1.— Gi-fck Pavement Xrora tli'e Temple I'f Zeus at Olyinjiia.

,

the process of manufacture was the following.' The eartb

was first carefully rammed down to a firm and even surface

;

on this was laid a thick bed of stones, dry rubbish, and lime,

called " rudus," from 6 to 9 inches deep, and above this

another layer, 4 to 6 inches thick, called " nucleus," of one

part of lime to three of pounded brick, mixed with water.;

on this, while still soft, the pattern could be sketched out

with a wooden or metal point, and the te.sserre or small bits

of marble stuck into it, with their smoothest side upper-

most. Lime, pounded white marble, and water were then

mixed to the consistency of cream, forming a Very hard)

setting cement, called " marmoratum." This cement, while

fluid, was poured over the marble surface, and well brushed
.into alljtte interstices Jbetween.the Jiesseroe. Wheu 'the
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eoncrete and cement vrere both set, the surface of the pave-

ment was rubbed down and polished. Tbis kind of mosaic

was largely used for floors of hypocausts ; the concrete bed

was then supported on large tiles resting on numbers of

short pillars.

If used for upper floors very strong joists were re-

quired, and both Pliny (xx.xvi. 25) and Vitruvius (vii. 1)

recommend a double layer of boards, one crossing the other,

on which the concrete and cement bedding was to be' laid.

The usual Eoman pavement was made of pieces of

marble, averaging from a half to a quarter of an inch square,

but rather irregular in shape. A few other, but quite

exceptional, kinds of mosaic pavements have been found,

such as that at the Isola Farnese, 9 miles from Eome,
made of tile-like slabs of green glass, and a fine "sectile"

pavement on the Palatine Hill, made of various-shaped

pieces of glass, in black, white, and deep yeUow. In some
cases

—

e.ff., in the " House of the Faun " at Pompeii—glass

tesserae in small quantities have been mixed with the

marble ones, for the sake of greater brilliance of colour.

Pompeii is especially rich in its mosaics both on floor and
walls, almost every Louse having at least its vestibule

paved in this way.
In addition to graceful flowing patterns and geometiical de-

sigiis, piciure-like subjects of gre.it elaboration frequently occur:
of these the most important is the large and minutoly-executed
scene of the battle of Issus, found in the ' 'House of tlie Faun. " It is

of special value as being the chief classical historical picture still

existing. It is a well-designed though somewhat crowded com-
position, representing the moment of Alexander's victorious charge
a;;ainst the cavalry of Darius. The expression of the faces and
the charactenstic dresses of the Greeks and Persians are repre-

sented with great skill (see 6g. 2). The tessorte, as was always
the case m this sort df work, are not all the same size, the smallest
(only about one-tenth of an inch square) being reserved for the faces,

where greatest refinement of detail was required. This was a floor-

mosaic, though generally these minutelv-esecuted works were
affixed to walls.

The most skilfully-executed of all existing mosaics of this pictorial

kind is that known as " Pliny's Doves," found in Hadrian's villa

at Tivoli, and now in the Capitoline Museum. It may possibly be
the one so highly praised by Pliny (xxxvi. 25) as the work of Sosus,

for, although he describes it as being at Pergamum, yet it was a
common practice with the Romans to ti'anspon these mosaics from
one place to another, and this very celebrated one may well have
been brought to Tivoli to adorn the emperor's villa. It is treated

in a very realistic way : the light on the gold bowl, the plumage of
the doves, and especially the reflexion in the water of the drinking
dove, are represented with wonderful skill. It is, in fact, far too
pictorial, and, like the late mosaics in St Peter's, Rome, is more
remarkable for its technical skill than for any real artistic merit.
This excessive realism, produced with great difficulty and cost, is

a not uncommon fault of the nore elaborate Roman mosaics, and
was the inevitable resujt of the Juxtiry and ostentation of imperial
Rome, which made art the bond-slave of the wealthy, rather than
the free and natural expression of a whole people, as it was among
the earlier Greeks.
Another interesting mosaic from the wall of a house at Pompeii,

of extremely delicate work, is a rehearsal scene in a Greek theatre,

where the choregus is instructing the actors : it is specially re-

markable from its being signed as the work of Dioscorides of

Samos. Other figure-subjects are not uncommon, such as various
representations of the victory of Theseus over the Minotaur, others
of Achilles in Scyros, many hunting scenes, and the like.

Throughout England, Germany, France, Spain, Asia
Minor, and Northern Africa in no way have signs of

Eoman occupation been left so clearly and in so con-

spicuous a .form as by the numerous large and generally

well-preserved mosaic pavements which have at various

times been discovered in all these countries. In many
cases, long after all traces of the walls of the buildings

have disappeared, ov\~ing to their being dug up and re-

moved for building purposes, the mosaics still remain to

testify of the artistic Dower and mechanical skill of the

Roman colonists.

Few countries are richer than England in these remains

;

the great pavements of York, ' Woodchester, Cirencester,

and many other places are as elaborate in design and as

skilfully executed as any that now exist even in Eome
itself. In whatever country these mosaics are found,

their style and method of treatment are always much tl^«

same; the materials only of which the tesserre are mad«
vary according to the stone or marble supplied by each

country. In England, for instance, limestone or chalk

often takes the place of the white marble so common in

Italian and North African mosaics ; while, instead of red
marble, a fine sort of burnt clay or red sandstone is gene-

rally used ; other makeshifts had to be resorted to, and
many of the Anglo-Eoman mosaics are made entirely with-

out marble. It is perhaps partly o\ving to the great

wealth of Nortliern Africa in marbles of many colours and
of varying shades that the finest of all Eoman mosaics
have been found in Algeria and Tunis, especially those

Fio. 2.—Part of a Persian s Head from the Battle of Issus fuU size

from Carthage, some of which liave been brought to the
British ^Museum. See Archxologia, vol. xxxviii. p. 202.
The range of colour in the marble tesserae is very great,

and is made use of with wonderful taste and skill : there
are three or four difTerent shades of red, and an equal
number of yellows and greens, the last colour in all ita

tints being almost peculiar to this part of Africa, and one
of the most pleasant and harmonious in almost any com-
bination. Deep black, browns, and bluish-greys are alsg
abundant. The white marble which forms the ground ol

nearly aU the designs is often not pure white, but slightly

striated with grey, giving great softness and beauty of
texture to the surface, and doing away with too great
monotony of tone. The Eoman practice, common to all

their mosaics, of not fitting the tesserre quite closely
together, but allowing the cement joints to show freely,

was also of great value in ginng effect to the general
texture of the surface—a point quite forgotten by some
later mosaic-workers, who thought that the closer their
tesserse were fitted together the better the mosaic would
be. This remark does not apply to sectile mosaic, in whieli

sufficient variety can be given by the markings and veins
in each piece of marble. To return to the mosaics from
Carthage, they are no less excellent in design than in

the richness and beauty of their materials. Large spaces
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are filled by grand sweeping curves of acanthus and other

leaves, dra\vn with wonderful boldness and freedom of

hand, and varied with great wealth of invention. With-

out the use of very small tesseras, much richness of effect

is given by gradations of tints, suggesting light and
shade, without a painful attempt to represent actual relief.

The colours of the marbles used here and elsewhere by the

Romans are so quiet and harmonious that it would have

been almost impossible to produce with them a harsh or

glaring design, and when used with the skill and strong

artistic feeling of the mosaic-workers at Carthage the

result is a real masterpiece of decorative design. In

Eome, and in the Roman colonies of Europe, this kind of

marble tesselated mosaic was largely produced, with but

little alteration in style or method of treatment, till the

4th century. In Syria and Asia Minor the art survived

some centuries later.

Perhaps the latest existing example in Rome is that which deco-

rates the vault of the ambulatory of the circular church of S.

Costanza, built hy Constantine the Great (320), outside the walls

of Rome. This very interesting mosaic might from its style and
materials have been executed in the 1st century, and is equal in

beauty to any work of the kind in Italy. It shows no trace what-
ever of the Byzantine influence which, in the next century, intro-

duced iiito Italy a novel style of mosaic, in materials of the most
glittering splendour. These S. Costanza mosaics are almost unique

in Italy as an application of the old classical marble mosaic to the

decoration of a Christian church. On the main compartment of the

vault the surface is covered by vine branches, laden with grapes,

tTvining in graceful curves over the space. In the centre is a large

medallion with life-sized male bust, and at the lower part are vintage

scenes—oxen carts bringing the grapes, and boys treading them in

a vat. Other more geometrical designs, of circles framing busts and
full-length figures, with graceful borders, cover other parts of the

vault. Farther east this classical style of mosaic appears to have

lasted till the 6th century. At Kabr-Hiram, near Tyre, M. Kenan
discovered among the ruins of a small three-apsed Christian church

a fine mosaic pavement, covering the nave and aisles, thoroughly

classical in style. The design, consisting of circles enclosing figures

emblematic of the seasons, the months, and the winds, is almost

the same as that of some mosaics discovered on the site of the Roman
Italica near Seville, and others at Ephesus and Halicarnassus in

Asia Minor. No trace of other than classical influence is visible,

and yet it is pretty clear, from the evidence of an inscription, inlaid

among the marble tesserae, that the date of this pavement is not

earlier than the latter part of the 6th century. A very similar

mosaic, of about the same date, was discovered at Neby YiSoias.-near

Sidon.

Medistval Mosaics.—These may be divided into four

principal classes :—(1) those used to decorate walls and
vaults,- made of glass cubes

; (2) those for pavements, made
of marble, partly in large shaped pieces,-and partly in small

tesserae
; (3) glass in small pieces, either rectangular or

triangular, used to enrich marble pulpits, columns, and

other architectural features
; (4) wood mosaics.

1. The waU mosaics were, in their origin, purely Byzan-

tine, and appear to date from the beginning of the 5th

century. They are made of coloured glass, rendered opaque

by the addition of oxide of tin. The melted glass was cast

into flat slabs, generally about half an inch thick, and then

broken into small cubes. Every possible colour and grada-

tion of tint was produced by the mediaeval glassmakers.

Tesserae of gold (which were very largely used) and of

silver were made thus :—the metal leaf was spread over

one of the glass slabs, the. colour of which did not matter,

as it was hidden by the gold or silver ; over this metal-

coated slab a skin of colourless glass was fused, so as to

protect the metal leaf from injury or tarnish ; and then

the slab was broken up into cubes, the i/^<^ot )^viTioi, of

Byzantine writers.

The method of putting together the mosaic was much
the same as that employed by the Romans in their tesse-

lated pavements. A thick coat of cement was applied to

the wall or vault, the outline indicated with a metal point,

and the cubes stuck one by one into the cement while it

was yet soft,—the main difference being that no rubbing

do^^Ti and polishing were required, the faces of the glass

tesserae showing the natural surface of the fracture, which

was not quite level, and by this slight inequality of surfacei

great additional lustre and brilliance of effect were given

to the whole picture.

Owing to the intense conservatism of Byzantine art, no

regular stages of progression can be traced in this class of

mosaic. Some of the 5th century mosaics at Ravenna are,

in every way, as fine as those of the 12th, and it was not

till the end of the 13th century that any important change

in style took place, when Cimabue, and more especially

his pupils Jacopo da Turrita and Taddeo Gaddi, applied

their increased knowledge of the human form and of the

harmonies of colour to the production of the most beau-

tiful of all mosaics, such as those in the apse of S. Maria

Maggiore in Rome. It must not, however, be supposed that

during all this time (from the 5th to the 14th century)

one steady level of excellence was kept up. The mosaics

of the 9th century are inferior in drawing and general

treatment to those both of the earlier and later time, while

in Italy at least this art was almost entirely extinct during

the 10th and 11th centuries. Extreme splendour of colour

and jewel-like brilliance combined with the most stately

grandeur of form are the main characteristic of this sort of

decoration. Its most frequent application is to the sanc-

tuary arch and apse of the early basilicas.

A "majesty," or colossal central figure of Christ mth saints

standing on each side, is the most frequent motive. In many
cases, especially in the 5th and 6th centuries, Christ was represented

as a lamb, to whom the twelve apostles, in the form of sheep, are

paying adoration. Christ, the Good Shepherd, is sometimes depicted

as a beardless youth, seated among a circle of sheep—the treatment

of the motive being obviously taken from pagan representations

of Orpheus playing to the beasts. The tomb of Galla Placidia has

a good example of this subject, with much of the old Roman grace

in the drawing and composition. Frequently the Virgin Mary, oi

the patron saint of the church, occupies the central space in the

apse, with ranges of other saints on each side.

The " Doom," or Last Judgment, is a favourite subject for domes
and sanctuary arches ; the Florence baptistery has one of the grandest
mosaic pictures of this subject, executed in the 13th century. The
earlier baptisteries usually have the scene of Christ's baptism,—the

river Jordan being sometimes personified lq a very classical manner,
as an old man with flowing beard, holding an urn from which a

stream pours forth. S. Vitale at Ravenna has in the sanctuary ;,

very interesting representation of Justinian and his empress TTieo-

dora (see fig. 3), attended by a numerous suite of courtiers and
ladies ; these mosaics are certainly of the 6th century, and may
be contemporary with Justinian, though the fact that he and
Theodora are each represented with a circular nimbus appears to

indicate that they were not then alive. Scenes from both Old and
New Testaments or the lives of- the saints are also represented in

almost endless variety,—generally on the walls of the body of the

church, in square-shaped pictures, arranged in one or more tiers

over the nave columns or arcade.

In mosaics of the best periods the treatment of the forms

and draperies is broad and simple, a just amount of relief

being expressed by delicate gradations of tints. In mosaics

of the 9th century the drawing is very awkward, and the

folds of the robes are rudely expressed in outline, with no

suggestion of light and shade.

A further application of this work was to the decoration

of broad bands over the columns of the nare, as at S.

Maria Maggiore in Rome, 5th century, and in the two
churches of S. Apollinare at Ravenna, 6th century. In

some cases almost the wBole interior of the church was
encrusted in this magnificent way, as at Monrcale Cathedral,

the Capella Palatina of Palermo, and S. .Mark's at Venice,

the magnificence of which no words can describe ; it is

quite unrivalled by that of any other buildings in the

world. See Monkeale.
.

In these churches the mosaics cover soflSts and angles

entirely, and give the effect of a mass of s .rid gold and

colour producing the utmost conceivable splendour of
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decoration.^ In many cases vaulted ceilings were covered

with these mosaics, as the tomb of Galla, Placidia, 450

A.D., and the two baptisteries at Ravenna, 5th and 6th

centuries. , For exteriors, the large use of mosaic was

usually confined to the west fa?ade, as at S. Miniato,

Florence, S. Maria Maggiore, Rome, and S. Mark's,

Venice. In almost all cases the figures are represented on

a gold ground, and gold is freely used in the dresses and

ornaments—rich jewels and embroidery being represented

in gold, silver, sparkling reds, blues, and other colours, so

as to give the utmost splendour of effect to the figures and

their drapery.

The revival of Ae art of painting in Italy and the

Fio. 3.—Mosaic of Theodora and attendants, from S. Vitale, Eavenna; over

life-size.

introduction of fresco work in the 14th century gave the

deathblow to the true art of wall-mosaics. Though at

fijst the simple and archaic style of Cimabue and his

1 Unfortunirtely the world-wide fame of S. Mark's and the other great

churches of Italy has subjected these extraordinary works to the fatal

process of " restoration, "and wherever any sign of decay in the cement

backing (the tesserse themselves are quite inJestrucUble) has given the

least excuse the "restorers " have destroyed whole masses of ancient

work, and supplied its place with worthless modem copies. The

mosaics of the S. Mark's baptistery, and of the apses at 8. Minrnto,

at Pisa, and many other places have in this way been wantonly renewed

within the last few years.

pupils Jacopo da Turrita, Giotto, and Taideo Gaddi
was equally applicable to painting or mosaic, yet soon the

development of art into greater realism and complexity

required a method of expression unfettered by the necessi-

ties and canons of mosaic-work. Pietro CavaUini, a Roman
artist, was one of the last who worked according to the

old traditions. His mosaic of the birth of the Virgin in

S. Maria in Cosmedin, Rome, executed about the middle
of the 14th century, is not without merit, though his

superior knowledge of form has only caused his composi-

tion to be somewhat feeble and insipid compared with the

works of the earlier artists. Even in the 1 5th century a
few good mosaics were produced at Venice and elsewhere.

Since then many large pictures have been copied in glass

mosaic, generallyattempt-s to imitate oil paintings, executed

with great skill and wonderful patience, but all utterly

worthless as works of art, merely costly monuments of

human folly and misapplied labour. The mosaics from

Titian's pictures on the west end of S. Mark's at Venice,

Raphael's in the Chigi Chapel in S. Maria del Popolo, and

many large pictures in S. Peter's in Rome, are the most

striking examples of these.

The following list, in chronological order, comprises a selection

from among the most important mediaeval glass wall-mosaics during

the period when a'osaic-working was a real art :

—

&lh Century.

Orthodox Baptistery— vault.

Tomb of Galla Placidia—vault, 450.

Archbishop's Cliapel—vault.

8. Paolo fuori le mura—triumphal arch.

8. Maria Maggiore—square pictures over nave colmnns, and

triumphal arch.

3. Ambrogio, Chapel of S. Satiro—vaalt.
Cathedral—apse.
Cathedral—apse.

6th Century.

Arian Baptistery—vault. ..^ .^^ ^_
S. Apollinare Nuovo—apse and nave, with 9th century

additions.
8. Vitale—apse and whole sanctuary, circa 547.

8. Apollinare in Classe-apse and nave, 649.

SS. Cosmas and Daraian—apse.
S. Lorenzo, Chapel of 8. AquilinUB—vault.

8. Sophia—walls and vault, circa 650. ... .

Church of 8t George—apse, Ac ; and a Sophia.—dome and

apse.

8. Sophia—apse.

7tk Century.

Same. S. Agnese fhori le mura—apse, 626.

S. Teodoro. _ ^ , ^ ,„„
Jmualem. " Dome of the Bock "—arches of ambulatory, ess.

Sth Century.

Some. Baptistery of 3. Giovanni in Laterano.

83. Nerens and Achilles.

Mosque of Al-Aksa—on dome.
Chapel of the Transflguration.

9th Century.

8. Cecilia in Trastevere—apse

8. mSb delUNavicella—apse, and "Chapel of the Column."

8. Prassede—triumphal arch.

8. Pudenziaua, 884.

3. Ambrogio—apse, 832

lOtk Century.

Mihrab (sanctuary) of Mosque.

lift Century.

" Dome-of the Rock "—base of cupola, 1027.

Church of S. Saviour—walls and domes.

12ft Century.

B. Mark's—narthex, apse, and walls of nave and alaln.

Cathedral—apse.

Cathedral—apse.
Cathedral—apse.

Cathedral—apse. ,. ,. , ,,

Capelli Palatina, begun 1132—the whole walls.

Church of La Martorana-vault.
Cathedral—the whole walls, 1170-90.

Church of the Nativity, 1169.

Cathedral—apse, 1148.

.8. Clemente—apse.

8. Francesca Romana—apse,

a Maria in Trastevere—apse.

13^ Century.

Baptistery vault, begun c. 1225 bj Tra Jacopo.

8. Miniato—apse and west front,

a Paolo fnori le mura—apse.
8. Clementfr-tnumphal arch, 129?.

, -_ -. ,„„
S. Giovanni in Laterano-^apse by Jacopo da Timta, l.W.

a Maria Maggiore—apse and west end by Jacopo da Tamt»
1292-1299, and Taddeo Gadd:.

Bavenna.

BOTM.

MOOA.
Fundi.
Nolo.

Ravenna.

Romf.
MiUtTU
CoTistantinoplt.

TJiesscUonica.

Trtbisond.

Jerusalem,
ilovmt Sinai

Borne.

Milan.

C&rdova.

JenuaZem.
Conetantimople.

Venice.

Capua.
Torallo.
Murano.
Salerno.
Palermo.

Monreale.
Bethlehem.
Cf/oJu.

Borne.

Florence.

Bonce.
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Uth Century.

Florence. Baptistery, finished by Andrea Tafi.

Pisa. Cathedral—east apse by Cimabue, 1302, north and South apse3
by his pupils.

£ome. 8. Peter's—navicella, in atrinm by Giotto.

B. Maria in Cosmedin—on walls by Pietro Cavallini, c, 1340.

Venice 83. Giovanni e Paolo—in arch over effigy of Doge Morosiai.

This list is by no means exliaustive, and only gives some of the

best and most typical examples of the mosaic-work of each century.

The Byzantine origin of these great wall-mosaics, wherever

they are /ound, is amply proved both by internal and documentary
evidence. The gorgeous mosaics of S. Sophia and S. Saviour's in

Constantinople, 6th ceutury, and the later ones in the monasteries

of Mount Athos, at Salonica and at Daphne near Athens, are identical

in style with those of Italy of the same date. Moreover, the even

more beautiful mosaic-work in the " Dome of the Rock " at Jerusa-

lem, 7th and 11th centuries, and thai, in the sanctuary of the great

mosque of Cordova, of the 10th century, are known to be the work
of Byzantine artists, in spite of their thoroughly Oriental design.

The same is the case with the rarer mosaics of Germany, such as

those in S. Gereoh at Cologne and at Parenzo.

A very remarkable, almost unique, specimen of Byzantine mosaic

is now preserved iu the "Opera del Duomo," Florence. This is a

diptych of the Ilth century, of extremely minute, almost micro-

scopic, work, in tessera of glass and metal, perhaps the only example
of tesserae made of solid metal. It has figures of saints and inscrip-

tions, each tessera being scarcely larger than a pin's head. This

ibeautiful diptych originally belonged to the imperial chapel in Con-
Btantinople, and was brought to Florence in the 14th ceutury.

2. The second mediieval class, mosaic pavements, though of great

beauty, are of less artistic importance. -«,

This so-called "opus AJexandrinum" is very common throughout
Italy and in the East, and came to greatest perfection in the 13th
century. It is made partly of small marble tesserse forming the

main lines of the pattern, and partly of large pieces usedasaground
or matrix. It is generally designed in large flowing bands which
interlace and enclose circles, often of one stone sliced from a column,
.The finest example is that at S. Mark's, Venice, of the 12th century.

The materials are mainly white marble, with green and red porphyry,
and sometimes glass.

Besides the countless churches in Italy possessing these beautiful
pavements,' such as S. Lorenzo, S. Marco, S. Maria Maggiore, and
S. Maria in Trastevere, in Rome, we have, in the Chapel of the
Confessor, and in front of the high altar at Westminster, very fine

specimens of this work, executed about 1268 by a Roman artist

called Odericus, who was brought to England by Abbot Ware, on
the occasion of a visit made by the latter to Rome. Another
English example is the mosaic pavement in front of the shrine of
Becket at Canterbui-y ; this is probably the work of an English-
man,- though the materials are foreign, as'it is partly inlaid with
bronze, a peculiarity never found in Italy. There are also many
fine examples of these pavements in the chiirches of the East, such
as that in S. Sophia at Trobizond, of the most elaborate design and
splendid matenals, very like the S. Jlark's pavement at Venice.
Palermo and Monreale are especially rich in examples of sectile

mosaic, used both for pavements and walls,—in the latter case
generally for the lower part of the walls, the upper part being
covered with the glass mosaics. The designs of these Sicilian

works, mostly executed under the Norman kings in the 12th cen-
tury, are very Oriental in character, and in many cases were actually
executed by Moslem workmen. Fig. 4 gives a sp.ecimeu of this

Fio. 4.—Marble Mosaic nt Monreale Cathedral.

mosaic from Monreale cathedral. Its chief characteristic is the
absence of curved lines, so largely used in the splendid opus Alcx-
andrinum of Italy, arising from the fact that this class of Oriental
design was mainly used fo; the delicate panelline in wood on their

pulpits, doors, ic,—wood being a material quite unsuited for tho
production of large curves.

3. Glass mosaic, used to ornament ambones, pulpits, tombs,
bishops' thrones, baldacchini columns, architraves, and other niarbk
objects, is chiefly Italian. The designs, when it is used to enrich
flat surfaces, such as panels or architraves, are very similar to those
of the pavements last described.' The white marble is Med as a

matrix, in which sinkings are made to hold the glass tessera; r tmsted
columns are frequently ornamented with a 'spiral band of this glass
mosaic, or flutiugs are. suggested by parallel bands on straight
columns. The cloisters of S. Giovanni in Laterano and S. Paolo
fuori le mura have splendid examples of these enriched shafts and
architraves.

This style ofwork was largely employed from the 6th to the 14th
centuries. One family in Italy, the Cosmati, during the whole o'

the 13th century, was especially skilled in this craft, and the variou,

members of it produced an extraordinary amount of rich and bcauti
ful work. The pulpit in S. Maria in Ara Coeli, Rome, is one of the
finest specimens (see fig. £), as are also the ambones in S. Cle
mente and S. Lorenzo,and
that in Salerno cathedral. 'y .' -"tijv

-.-jgAk '

.-it ' 1 1 t Kv'<̂ ^
The tomb of Henry III.,

>^^"^»^>i^ah^:^J,^-{J^1?aaia

1291, and the shrine of

the Confessor, 1269, at

Westminster are the only
examples of this work
in England. They were
executed by " Pctriis civia

Romaniis," probably a
pupil of the Cosmati.

In India, especially

during the 17th century,

many Mohammedan
buildings were decorated
with fiue marble inlay of
the classnow called "Flor-
entine." This is sectile

mosaic, formed by shaped
pieces of various-coloured

marbles let into a marbls
matrix. A great deal o{

the Indian mosaic of thit

sort was executed by Ital»

ian workmen ; the finesj

examples are at Agra,sucll

as the Taj Mehal.
The modern so-called

"Roman mosaic", .ig

formed of short and sleu*

der sticks of coloured glas9

fixed in cement, the ends,'

which form the pattern;

being finally rubbed dowii
and polished.

Many not unsuccessful
attempts have been made
lately to reproduce the
Roman tesselated work for

pavements ; and at Mu-
Tano, near Venice, glass

wall-mosaics are stiU pro-
duced in imitation of the
magnificent works of me«
d larval times.

4, Mosaics in wood are
largely used in Moham-
medan buildings, especially from the 14th to th'e 17th centuries. The
finest specimens of this work are at Cairo and Damascus, and are used
cliiefly to decoi'ate the magnificent pulpits and other woodwork in tho
mosques. The patterns are very delicate and complicated, worked
in inlay of small piece? of various-coloured wood.s, often further en-

riched by bits of mother-of-pearl and minutely carved ivoi'y. Tho
general efi"ect is extremely splendid fromthe combined beauties of

the materials and workmanship, as well as from the marvellous
grace and fancy of the desi'jns. This art was also practised largely

by the Copts of Egypt, aiid much used by them to ornament the

magnificent ii.oiiostases ai'd other screens in their churches.

Another application of wood to mosaic-work, called "intarsia-

tura," was very common in Italy, especially in Tuscany and Lom-
baidy, during the loth jnd early 16th centuries. Its chief use was

for the decoration of i:he stalls and lecterns in the chiirch-choirs.

Very small bits of various-coloured woods were used to produce

geometrical patterns, while figure-subjects, views of buildings with

strong poispective effects, and even landscapes, were very skilfully

produced by an inlay of larger pieces. Ambrogio Borgognoiie,

Raphael, and other great painters often drew the designs for this

sort of work. Tho mosaic figures in the oanels of tha stalls at tha

Fio. 6.—Part of Marble Pulpit with glass

mosaic, church of Ara Cceli, Rome.
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Certoaa near Pavia were by Borgognone, and are extremely beauti-
foL The stalls in Siena cathedral and in S. Pietro d6' Casinensi
at Perugia, the latter from Raphael's designs, are among the finest

works of this sort, which are very numerous in Italy, It has also

been used on a smaller scale to ornament furniture, and especially

the "Cassoni," or large trousseau coffers, on which the most costly
and elaborate decorations were often lavished. Some traditional

skill in this art still lingers in Italy, especially in the city of Siena.
Authorities.—Classical Mosaics.— Pliny, H. N., xxxvi. ; Vitruvius ; Franks,

SladQ Collection of Ancient Glass, and ExccvatiOTis at Cartkags, ISGO; Artaud,
Sistoire de la pcinture en vtosatque, 1835 ; ilonuinentos Arquitectonicos de Sspana
("Italica," "Cordoba," and " Elche "), 1S59-S3 ; Laborde, Mosaique d'ltalica,

prh de Seville, 1802; Ciampini, Vetera Monumenta, Rome, 1747; Von MinutoU,
Mosaikfussboden, &c., 1835 ; Lysous, Mosaics of Horkstow, 1801, and Roman
Antiquities of Woodchester, 1797 ; Mazois, Les mines de Pompei, Paris, 1812-38

;

^al Museo Borbonico, various dates; Roach Smith, Bomavi London^ 1859,
Ausgrabung'en zu Olympia, 1877-82.

CAri5(ian.—Theophllas, S>iversarum Artium Scheduta, ii. 15; 5. Kensington
Museum Art Inventory, -parti., 1870; Renan, Mission de Pkenicie,lS75 ; Garrucci,
Arte Crisiiana, 1872-82, vol. iv. ; De Rossi, Musaici Cristiani di Roma, 1872-82

;

Parker, Archmology of Rome, and. Mosaic Pictures in Rome and Ravenna, 186G ;

Jouy, Les Mosaiques chr^tiennes de Rome, 1857 ; Gravina, Du/>mo di Monreale,
Palermo, 1859 sq. ; Serradifalco, Mony-^aie ed altre chiese Siculo-Norma.nne, 1838 ;

Balazaro, Mon. delV Arte Merid. d'ltalia, 1882 ; M. D. Wyatt, Geometrical Mosaics,

of the Middle Ages, 1849 ; Salzenberg, Alt-ChristUcke Baudenkmale von ConsCanti-
"Ropel, 1854; Pulgher, Eglises Bysaiitincs de Constantinople, 1883; Texler and
Pullaji, Byzantine Architecture, 1864; Quast, Alt-Christlichen Bauwerke von
^veniiOt 1842; De Vogue, Eglises de la Terre Sainte, 1860; Milanesi, Del Arte
del Vetro pel Musaico, 16th century (reprinted at Bologna in 1864); Eohault de
Fleury, Monmnents de Pise, 1306 , Kreutz, Basilica di S. Marco, Venesia, 1S43

;

Gaily Knight, Ecclesiastical Architecture of Italy, 1842-4, Fossati, Aya Sophie^
1852; Didron, *'La peintore ea Mosaique," Gaz. des B. Arts^ voL xi., p. 442;
Gerspach, La Mosaique, 1883.

MosleTn-SessemeT, Arabische und Alt-Italienische Bau-Verzierungen, 1853;
Prisse d'Avenues, L'Art Arabe, 1874-1880 ; Prangey, Mosqut^e de Cordoue, 1830

;

Owen Jones, Alhambra, 1842; Do Vogu6, Temple' de Jerusalem, 1864; Texier,
Asieifincure, 1S62, a.nd L'Armenie et la Perse, 184ii-52 ; Bourgoin, Les Arts Arabes,
1S63 ; Coste, Monuments TJUjdeTncs de la Perse, 1867 ; FlandiJi and Coste, Voyage
tn Fcrse, 1843-54.

Wood- Mosaic— Tarsia,— Ornati del Coro di S. Pietro Cassinense di Perugia,
1830; Caffl, various works on Rafaello da Brescia and other Intarsiatori, 1851,
^CC ; Tarsie ed intagli di S. Lorenzo in Genova, 1878. (J. £L M.)

MOSCHELES, Ignaz (1794-1870), one of the most
refined and accomplislied pianists of the present century,

was born at Prague, 30th May 1794, and first studied

music at the Conservatorium in that city under the direc-

tion- of Dionys Weber. At the age of fourteen he made
. his first appearance before the public in a pianoforte con-

certo of Ms own composition with marked success. Soon
after this he removed to Vienna, where he studied coun-

terpoint under Albrechtsberger and composition under

SalierL In 1814 he prepared, with Beethoven's consent,

the pianoforte arrangement of Fidelia, afterwards published

by Messrs Artaria. In the following year he published

his celebrated Variationen iiher den Alexandermwsch, a con-

cert piece of great difficulty, which he played with so great

effect that he was at once recognized as the most brilliant

performer of the day. He then started on a -tour, during

tie course of which he visited most of the- great capitals

of Europe, making his first appearance in London in 1822,

and there securing the friendship of Muzio Clcmenti and

John Crsimer, the fathers of the English school of piano-

forte playing. For a concert given by the latter ho

wrote his famous Hommag^ h Handel, a duet for two

pianofortes, -jchich afterwards became a lasting favourite

with the public. His reception in England was sufficiently

eacouraging to justify his retiu'n in 1823, when he again

mat with s, hearty welcome. During a visit to Berlin in

1824 he fijst became acquainted with Mendelssohn, then

a boy of fifteen ; and a friendship sprang up between them

which was severed only by Mendelssohn's early death.

In 1826 Moscheles relinquished his wandering habits,

and settled permanently in London, surrounding himself

with a clientele fuUy capable of appreciating his talents as

an artist and his social worth as a firm and loyal friend.

His position was henceforth a more than ordinarily en-

viable one. He was recognized from end to end of Europe

as a virtuoso of the highest rank ; and his popularity both

as a performer and as a teacher was based on grounds which

effectually secured it from the caprice of changing fashion or

ephemeral patronage. He was undoubtedly for some con-

siderable time the greatest executant of his age; but, using

his brilliant touch as a means and not as an end, he con-

sistently devoted himself to the further development of the

true classical school, interpreting the works of the great

masters with conscientious fidelity, and in hia extempore

performances, which were of quite exceptional excellence,

exhibiting a fertility of invention which never failed to

please the most fastidious taste.

In 1837 Moscheles conducted Beethoven's Ninth Byro-

phony at the Philharmonic Society's concerts with extra-

ordinary success ; and on this and other occasions contri-

buted not a little, by his skilful use of the baton, to the

prosperity of the time-honoured association. During the

course of his long residence in London he laboured inces-

santly in the cause of art, playing at innumerable concerts,

both public and private, and instructing a long line of

pupils, who flocked to him, in unbroken succession, until

the year 1848, when, at Mendelssohn's earnest solicitation,

he removed to Leipsic, to carry on- a similar work at the

Conservatorium then recently founded in that city. In
this new sphere he worked with imabated zeal for more
than twenty years, dying 10th March 1870.

Moscheles's most important compositions are liis Pianoforte Con-
certos, Sonatas, and Studies ; his Sommage d, Himdel ; and his

three celebrated Allegri di Bravura.

MOSCHUS, of Syracuse, is one of the Greek bucolic

poets ; he was a friend of the Alexandrian grammarian
Aristarchus (about 200 B.C.). His chief work is the epi-

taph of Bion of Smyrna, another of the bucolic poets,

who seems to have lived in SicUy. It is probable that the

miscellaneous collection of poems which we possess by the

three poets Theocritus, Bion, and Moschus was known to

Artemidoms in 200 b.o. His poetry is the work of a well-

educated man with a trained artistic eye ; he models his

works on those of Bion, writing epigrammatic, epic, and
idyllic or elegiac verses, aU except a few lines being in

hexameter verse j but he treats all his subjects in a de-

scriptive, not in a narrative or an epigrammatic style.

Besides the epitaph of Bion, he wrote two little epic poems,
" Europa " and " Megara," and a pretty little epigram,
" Love the Runaway ;

" and a few short pieces of his are

also preserved. They are written with much elegance, but
the style is perhaps too refined and carefully wrought, and
he has few of the higher qualities of a poet.

MOSCOW, a government of Central Russia, bounded
by Tver on the N.W., Vladimir and Ryazan on the E.,

Tula and Kaluga on the S., and Smolensk on the W., and
having an area of 12,858 square miles. The surface is

undulating, with broad depressions occupied by the rivers,

and varies in elevation from 500 to 850 feet. Moscow is

situated in the centre of the so-called Moscow coal-basin,

which extends into the neighbouring governments, and
consists of limestones of the Upper and Lower Carboni.
ferous, the latter containing beds of inferior coal, while
the former contains several good quarries of marble. Tho
Carboniferous formation is covered with Jurassic clays,

sandstones, and sands, which yield a good china-clay at

GjeU, copperas, a sandstone much employed for buildings

and a white sand used for the manufacture of glass. The
whole is thickly covered with boulder-clayand alluvial sands.
The government is watered by the Volga, which skirts it for 9

few miles on its northern booudary, by the narigablo Sestra, which
brings it in communication with the canals leading to St Peters-

burg, by the Oka, and by the Moslcva. This last takes its origin

in Smolensk, and, after a coarse of 280 miles right across Moscow,
reaches the Oka at Kolomna ; it is navigable irom the town of

Moscow. Tho Oka and Moskva from a remote period have been
important channels of trade, and continue to be so notwithstanding

the development of railways. The Oka brings tho government
into water communication with the Volga, whose tributaries cover

nearly the whole of middle and eastern Eussia, and are separated

by short land distances from the Northern D\vina and the Don.
Large quantities of grain, metals, glass ware, skins, and other com.
modjties are shipped up and down the Moskva, whilst the Myach.
kovo stone quarries situated on its banks supply the capital with
building stone. There are sevoral m&ral||a, mostly in the north.
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wUero also, as well as in tho nortb-«ast, notwithstanding the

Immense consumption of wood in nianufactiu'es and for use in the

:apital, extensive forests are still found. Very large supplies of

timber arc also imported by rail or rirer, especially fi-om the adjoin-

ing north-eastern provinces. The soil is somewhat unproductive,

the average crops ranging from SJ to 4| returns; agriculture

is carried on everywhere, but only two districts (Ru2a and Volsko-

lamsk) export corn, all tlio others being more or less dependent

on extraneous supplies. The agricultcu'al holdings of the peasants

are very small, and their condition on tho -whole unsatistactory.*

Grass crops liave some importance in several districts, and kitchen-

gardening is an important source of wealth in Vereya, Dmitrofl^

and Zvenigorod. Cattle are not extensively reared, bat the horse-

breeding industry is somewhat impoi'tant.

The population, 1,581,700 in 1864, numbered 1,913,700 in 1873,

one-third being urban. They are nearly all Great-Russians, and

belong to the Greek Chmxh, or are nonconformists, JIany are

employed in factories, the number of which in 1879 was 1546,

occupying 162,700 hands, and having an annual production of

about £20,000,000 sterling. These figures show the manufactur-

ing activity of Jloscow to be greater than that of any other Russian

government, while the value produced is upwards of one-fifth of

the total for all Russia in Europe, including Poland. Cotton,

woollen, and silk goods are the chief products. The sanitary

condition of the factories is very bad ; the number of children

below fifteen years employed is as high as 16 per cent., the hours

of daily w6rk are often 13 to 16, and the mortality is very great.

The total income obtained by the population of the government from

their mannfactuiing iudustiy is estimated at £485,600. The chief

income of the people is derived, however, fi'om a variety of petty in-

dustries, carried on in their villages by the peasants, who continue

at the same time to cultivate the soil. Taxation during the last

twenty years has been increasing rapidly, and in some parts of the

government has reached an average of 12 roubles per house. The
diief centres of trade are Moscow, Kolomna, Serpuldiofii Bogorodsk,

Serghievsk, and Pavlovsk. There are 125 fairs. Transport is much
facilitated by railways, and by good highroads radiating from

the capital. Moscow is divided into thirteen districts, the chief

itowns with their respective populations being—Moscow (670,000),

Bogorodsk (6600), Bronnitsy (3500), Rirza (4000), Kolomna (18,800),

Serpukhoff (16,800), Podolsk (11,000), Zvenigorod (7800), Mojaisk

(4200),Volokolamsk (3000), Klin (6700), Dmitroflf (7600), and Tereya

(5500). In addition to these administrative centres may be men-

tioned Toskresensk (6000), Serghievski Posad (27,500), in the

neighbourhood of the monastery of Troitsa, a rich commercial and

industrial town, and Pavlovski Posad (4500). Many of the TUlages

are far more important from their industries and trade than the

district to'wns.

MOSCOW (Russian, Moskva), tlie second capital of

the Eussiaii empire and chief to-wn of the government

and district of the same name, is situated in 55° 45' N.

lat. and 37° 37' E. long., on both banks of the river

Moskva, a tributary of the Oka, at its confluence with

the rivulet Yauza. The popular idea is that Moscow is

built on seven hills, and in fact the city covers several

eminences, the altitudes of its different parts varying from

500 to 850 feet above the level of the sea. It is 400

miles from St Petersburg, 813 from Archangel, 900 from

Ufa, 938 from Astrakhan, 933 from Odessa, and 811 from

Warsaw. It lies to the north of the most densely-peopled

parts of Kussia (the "black-earth region"), whilst the

country to the north of it is rather thinly peopled as far

as the Volga, and very sparsely beyond that. The space

between the middle Oka and the Volga, however, was the

very cradle of the Great-Russian nationality (Novgorod

and Pskov excluded) ; and four or five centuries ago Mos-

cow had a quite central position with regard to this.

The present city measures 7 miles from north to south,

and 9 miles from west-south-west to east-north-east, and

covers an area of 32 square miles (about 40 when the

suburbs are included). In the centre, on the left bank of

the Mo-skva, stands tho "Kreml" or Kremlin, occupying

the Borovitsky hill, which in the 12th century was covered

by a dense forest. To the east of the Kremlin is the

Kitay-Gorod, formerly the Great Posad, the chief centre

' According to recent investigations instituted by the Moscow pro-

vincial assembly, 10 per cent, of the agricultural population (about

20,000 households) bav9'no land at all ; 15 per cent., while holding

Und, are bankrupt ; aud*16 per cent, are without cattle or implements.

for trade. The Byelyi-Gorod, which was formerly enclosed

by a stone wall (whence the name), surrounds the Kremlin

and the Kitay-Gorod on the west, north, and north-east.

A line of boiilevards now occupies the place of its wall

(destroyed in the ISih century), and forms a first circle

of streets around the centre of Moscow. The Zemlanoy-

Grorod (earthen enclosure) surrounds the Byelyi-Gorod,

including the " Zamoskvoryechie " on the right bank of

the Moskva. The earthen wall and palisade that formerly

enclosed it no longer exist, their place being taken by a

series of broad streets with gardens on both sides,—the

Sadovaya, or Gardens Street, The fourth enclosure (the

"Kamer-College earthen wall") was made during the reign

of Catherine IL ; it is of irregular shape, and encloses the

outer parts of Moscow, whilst the subui-bs and the villages

which have sprung up on the highways extend 4, 5, and 6

miles beyond. The general view obtained from the west

or south is very picturesque, especially on account of

the numerous churches, monasteries, and towers with

characteristic architecture, and the many gardens and

ponds scattered among clusters of houses. The Kremlin

is an old fort of pentagonal (nearly triangular) shape, 98

acres in extent, occupying a hill about 100 feet above the

level of the Moskva. It is enclosed by a high stone wall

2430 yards in length, restored during the present century,

and having eighteen towers. Its five gates are surmounted

by high towers. The Spasskiya (Saviour's Gate) was

erected Ln 1491 by a Milanese arcliitect, the Gothic tower

that surmounts it having been added in 1626 by the

English architect HoUoway. A sacred picture of the

Saviour was placed upon it in 1685, and all who pass

through the gate must uncover. The towers surmount-

ing the four other gates were erected by order of Ivan

TTT, Of the sacred buildings of the Kremlin the most

venerated is the Uspensky cathedral The former church

of this name was erected in 1326 by Ivan Kalita, but, on

its falling into disrepair, a new oiie was built on the same

place in 1475-1479, by Fioraventi, in the Lombardo-

Byzantine style, with Indian cupolas. It. was restored

in the 18th century and in 1813. It contains the oldest

and most venerated holy pictiu'es in Russia, one of which

is attributed to the metropolitan Peter, another to St

Luke. This last was brought from ICieff to Vladimir

in 1155, and thence to Moscow in 1395; its jewelled

metallic cover is valued at £20,000. The cathedral pos-

sesses also a gate brought from Korsun, the throne of

Vladimir I., and numerous relics of saints, some of

which date from the 14th century. The Russian metro-

politaAs and patriarchs were consecrated in this cathedral,

as well as the' czars after Ivan IV. The Arkhangelsk

cathedral was originally built in 1333, and a new one was

erected in its place in 1605. It has suffered very much
from subsequent restorations and decorations. It contains

the tombs of the czars from Simeon (1353) to Ivan

Alexeevitch (1696), and possesses vast wealth. The Bla-

govyeschensk cathedral, recalling the churches of Athos,

was built in 1489; the remarkable pictures of Rubleff

(1405), contained in the original structure of 1397-1416,

have been preserved. It was the private chapel of the

czars. Vestiges of a very old church, that of the Saviour

in the Wood (Spas na boril), contemporai„--*s with the

foundation of Moscow, still exist in the yard of the palace

A stone chm-ch took the place of the old wooden structure

in 1330, and was rebuilt in 1527. Several other churches

of the 15th century, with valuable archoeoiogical remains,

are found within the walls of the l{j-emlin. The Vozne-

sen.sky convent, erected in 1393, and recently restored

with great judgment, is the burial-place of wives and

sisters of the czars. The Chudoff monastery, erected in

1365, was the seat of theological instruction and a stete
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prison. Close by, the great campanile of Ivan Veliky,

erected in tlie Lombardo-Byzantine style by Boris Giodunofi

in 1600. rises to the height of 271 feet (32R feet including

the cross), and contains many bells, one of which weighs

1285 cwts. Tlie ^dew of Moscow from tiiis campanile is

really wonderful, and its gilded cupola is seen from a great

distance. Close by is the well-known Tsar-Kolokol (Czar of

the Bells), 60 feet in circumference round the rim, 19 feet

high, and weighing 3850 cwts. It was cast in 1735, and
broken during the fire of 1737 before being hung. The
treasury of the patriarchs (riznitsa) contains not .jnly such

articles of value as the sakkos of the metropolitan Foty with

70,000 pearls, but also very remarkable monuments of Rus-

sian archaeology. The library has 500 Greek and 1000

very rare Russian MSS., including a Gospel of the Stb
century.

The great palace of the emperors, erected in 1849, is a
fine building in white stone with a gilded cupola. It con-

tains the terems. or rooms erected for the yotmg princes in

1636 (restored in 1836-1849, their former character being
maintained), a remarkable memorial of the domestic life of

the czars in the 17th century. In the treasury of the czars,

Granoviiaya Palata and Orujeynaya Palata, now public

museums, the richest stores connected with old Russian
archaeology are found—crowns, thrones, dresses, various

articles of household furniture belonging to the czars,

Russian and Mongolian arms, carriages, &c.

The four sides of the SenE,te Square are occupied by

^J««/A Cns
Plan of Moscow,

Wcdlciings of various dates, from the 15th century onwards.

The senate, now the law courts, was erected by Catherine

n. Facing it is the arsenal, containing full ammimition

for 200,000 men.

The Temple of the Saviour, begun in 1817 on the

Vorobiovy hiUs, in commemoration of 1812, was abandoned

in 1827, and a new one was built during the years 18.'?8-

1881 on a hiU on the bank of the Moskva, at a short dis-

tance from the Kremlin. Its style is Lombardo-Byzantine,

with modifications suggested by the military taste of

Nicholas I. Its colossal white walls are well proportioned,

and its gilded cupolas are seen from a great distance.

The buildings that surround it are to be cleared away,

and its wide squares adorned by obelisks, and by monu-

ments to Kutuzoff, Barclay de Tolly, Alexander 1 , and

Kicholas X
The Kitay-Gorod, which covers 121 acres, anu has

20,000 inhabitants, is the chief commercial quarter of

Moscow. It contains the Gostinoy Dvor, consisting of

several stone buildings divided into 1 200 shops, where all

kinds of manufactured articles are sold, fhe " Red Square,"

900 yards long, whose stone tribunal was formerly the

forum, and afterwards the place of execution, separates the

Gostinoy Dvor from the Kremlin. At its lower end stands

the fantastic Pokrovsky cathedral (usually known as Vasili

Blajennyi), which is the wonder of all strangers visiting

Moscow, on account of its towers, all differing from aach

other, and representing, in their variety of colours, pine-
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apples, melons, and the like. It •was built under Ivan the
Terrible by an Italian. The exchange, built in 1838 and
restored in 1873, iij very lively, and its twenty-tlu-ee
"exchange artels" (associations of nearly 2000 brokers,
{)ossessing a capital of more than £100,000) are worthy of
remark. Banks, houses of great commercial firms, streets

full of old bookshops carrying, on a very large trade, and
finally the Tolkuchy rynok, the market of the poorest
dealers in old clothes, occupy the Kitay-Gorod, side by side
with restaurants of the highest class. In the Kitay-Grorod
are also situated the house of the Romanoffs, rebuilt in

1859 in exact conformity with its former shape ; a Greek
monastery ; and the printing-office of the synod, containing
kbout 600 MSS. and 10,000 very old printed books, to-

gether with a museimi of old typographical implements.
At. the entrance to the Kitay-Gorod stands the highly-
venerated chapel of the Virgin of Iberia, •which is a copy,
made in 1648, of a holy picture placed on the chief gate
of the monastery of Athos. Close by is the recently opened
historical museum, which will contain collections respect-

ively illustrating separate periods of Eussian history.

The northern parts of the Byelyi-Grorod are also the
centre of a lively trade. Here are situated the Okhotnyi
Eyad (poultry market) and the narrow streets Tverskaya
and Kuznetsky-Most, the rendezvous of the world of fashion.

Here also are the theatres. In the south-^west of the Byelyi-

Gorod, opposite the garden of the KremUn, stand the uni-

versity, the public museum, and the military riding school
The Zemlyanoy-Gorod, which has arisen from villages

that surrounded Mosco^w, exhibits a variety of characters.

In the neighbourhood of the rail-way stations it is a busy
centre of traffic ; other parti of it are manufacturing
centres, whilst others—as, for instance, the small quiet

streets in the •west of the boulevard of PrechLstenka, called

the old Konushennaya, •with their wooden houses and
spacious yards—are the true abodes of the families of the

old, for the most part decayed, but still proud nobility.

The Zamoskvoryechie, on the right bank of the Moskva,
is the abode of the patriarchal merchant families. Each
house is surrounded by a yard whose gate is rarely opened,

and each house, with its dependencies and gardens, bears

the character of a separate estate.

The climate of Moscou- is cold and continental, but healthy.
The average annual temperature is 40° •! Fahr. (January, li"

;

July, 66°-5). The summer is -warm (64° '2), and the -winter cold
and dry (15° '8), great masses of snow corering the streets. The
spring, as is usually the case in cold continental climates, is beauti-

fuL The prevailing winds are south-west and south. The river

Moskva is frozen, on the average, for 153 days (from 12th Novem-
ber to 13th April).

Besides the Mostva and the Yanza, Moscow ia watered also by
the Neglinnaya, which now flo-ws in an underground channel under
the walls of the Kiemlin. The city has about 200 ponds. Tho
Moskva is crossed by five bridges ; a branch of it, or rather a
channel, makes an elongated island in the centre of the to-mi.

Water of excellent quality, principally from the Mytischi springs

and ponds, 11 miles distant, is led to fountains in different parts

of tho town, whence it is taken by watermen. But this supply

amounts only to 1,865,000 gallons a day, and the great mass of the

inhabitants make use of the contaminated water of the Moskva
and even of the Yauza, or of private weUs.

The Bopulation of Moscow, -nhich is steadily increasing, is esti-

mated at 670,000 ; but an accurate census has not yet been made.

In the middle of the ISth century it was estimated at only 150,OeO
;

in 1812, at 250,000 in summer and 400,000 in -winter. In lS64it

was (Stimated (probablv under the truth) at 365,000. The inhabit-

ants are mostly Great- Russians, and only about 6000 are foreigners.

They chiefly belong to tie Greek Church, or are nonconformists,

the number of Lutherans and Catholics being only 8000 to 9000.

The mortality is very groat : in 1879 and 1830 it reached 37 '9 and

41 8 per thousand (men 39 3 ; women 43 •g), and usually exceeds

the birth-rate. Moscow, moreover, is often visited by epidemics

which immensely increase the mortality, in consequence of the

almost entire absence of sanitarv regulations. Fires are very fre-

quent ; within ten years (1870-1879) they numbered 2492, the loss

being estimated at £-.;,S65.300.

Since the 14th century Moscow has 'beec tr important coruuer-
clal city Its merchants carried on a brisk trade with Novgorod
and Pskov, with Lithuania, Poland, Hungary, Constantinople,

Azoff, and Astrakhan. About the end of the IBth century ita

princes transported to Moscow, Vladimir, and other Russian towns
no fewer than 18,000 of the richest Novgorod merchant families,

and took over the entire trade of that city, entering into direct

relations -with Narva and Livonia. The shops of the Gostinoy
Dvors of Moscow astonished foreign visitors in the 16th century
by their large supply of foreign wares, and by the low prices at

which the products of western Europe were sold,—a circumstance
explained by the barter character ci the trade. The annexation
of Kazan and the conquest of Siberia gave a new importance to

Moscow, bringing it into direct commercial relations with Khiva,
Bokhara, and China, and supplying it with Siberian furs. The
fur-trade engrossed the minds of all European merchants in the
16th centtu-y, and an English company, "The Mystery," having
received the monopoly of the Archangel trade, caused the traffic

to be sent by the White Sea instead of th? Baltic. Moscow thus
became tho centre for nearly the whole trade of Russia, and the
cziir himself engaged in large commercial operations. All boyars,

and the church too, were traders ; and the poorest Moscow mer-
chants participated in the- trade through their corporations.

Persians, Greeks, Armenians, Swedes, English, Germans, and
Lithuanians had each its own Gostinoy Dvor (or cara fanserai).

Situated at the junction of six important highways (along which
communication was maintained by special yamshiks), Moscow was
the great storehouse and exchange-mart "for the merchandise of

Europe and Asia. The opening of the port at St Petersburg affected

its commeicial interest unfavourably at first ; but the Asiatic and
internal trade of Moscow has since then enormously increased. At
present it is the chief centre of railway traffic. The revenue of its

custom-house was in 1880 double that of St Petersburg (30,000,000
roubles, as against 16,620,000 at St Petersburg and 9,000,000 at

Warsaw). But the home traffic is the most important branch of the
Moscow trade. The city is the chief centre for the trade in grain, in

hemp, and in oils, sent to the Baltic ports ; in- tea, brought both by
Siboria and by St Petersburg ; in sugar, refilled there in large quanti-
ties ; ia grocery wares for the supply of more than fialf Russia and
dl Siberia ; in tallow, skins, wool, metals, timber, wooden wares,
and all other produce of the manufactures of middle Russia. No
less than 10,000,000 cwts. of corn are annually brought to Moscow,
half of which is sent to the Baltic ports. The yearly return of the
Moscow trade was estimated at £9,000,000 in 1848,—probably only
a half or a third of the real value, which is believed to have been
at least- trebled since that time. The quantity of goods carried by
the sis railways from Moscow to St Petersburg, Yaroslav, Nijni,
Ryazan, Kursk, and Brest, amounted in 1878 to 162,343,500 cwts.

(out of 635,740,000 for the whole of Russia) ; and the number of

passengers was 8,637,890 (1,263,530 military) out of a total for all

Russia of 37,580,800 (civil and. military) in that year.

Prom the 15th century onwards the -villages around Moscow were
renowned for the variety of small trades they carried on ; the first

large manirfectures ia cottons, woollen fabrics, silk, china, and
glass in Great Russia appeared at Moscow in the 17th and 18th
centuries. After 1830, in consequence of protection tariffs, the
manufactories in the government of Moscow rapidly increased in
number ; and at present two-thirds of them, or about 1000, annu-
ally producing articles to the value of upwards of £10,000,000 (the
real production is probably much higher), are concentrated in the
capital. There are at Moscow about 170 cotton-mills, 90 manu-
factories of woollens, and 70 of sUks, the silk manufactured being
chiefly Caucasian, although a good deal is also imported from the
west ; there are also upwards of 20 large tanneries, 50 tobacco-
factories, 15 large candle-works, 70 larger workshops in metala, 13
wax-candle works, 30 carriage manufactories, 20 watch raann-
lactories.

The income and expenditure of Moscow in 1882 were respectively
4,921,0.7 and 6,124,063 roubles, as compared with 4,730,724 and
6,490,433 m ISSl.
Moscow has many educational institutions and scientific societies.

The university, founded in 1755, exercised a powerful influence on
the intellectual life' of Russia during the years 1830-1848 ; and
it still continues to be the most frequented Russian university. In
ISS'2 it had 2430 students and a teaching staff of 334 ; the students
are mostly poor, the sum of 107,588 roubles having been given
in 1881 in scholarships to 854 of their number, and 14,000 roubles
in the form of occasional assistance. The Ubrary contains nearly
200,000 volumes, and has rich collections in mineralogy, geology,
and zoology. There is also an excellent higher technical Echool

;

and an agricultural college is situated in the Petrovskoye suburb.
JIoscow has also a theological academy, a commercial academy, a
school of topography, an institute (of Lazarelf) for the study of
Oriental languages, a musical conservatory, four institutes for
women, a free university for -«-omen, seven colleges for boys and
three for girls, three corps of miUtdry cadets, very numcroqs
primary and technical schools, and many private schools. Iwt
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still these are insufficient for the population, and the municipal

schools every year refuse admission to about 1500 boys and girls.

The scientific societies are specially distinguished for their services

in the exploration of the country. The following deserve parti-

cular mention :—the society of naturalists (founded in 1805) ; the

society of Russian history and antiquities, which has published

many remarkable works ; the society of amateurs of Russian litera-

ture ; the physical and medical society ; the mathematical society
;

the society for the diffusion of useful books ; the very active archaeo-

logical society, founded in 1864 ; a society of gardening and of

«gricultui-e ; several technical, artistic, and musical societies ; and
the very active young society of the friends of natural science, which
already has published many useful volumes.

Among the museums of Moscow, the museum, formerly Ruman-
tsefTs, now connected with the so-called ''public museum," occupies

the iirst rank. It contains a library of 150,000 volumes and 2300

MSS. , remarkable collections of old pictures, sculptures, and prints,

as well as a rich mineralogical collection, and an ethnographical

collection representing very accurately the various inhabitants of

Russia. The historical museum has already been mentioned. The
private museum of Prince GoUtzjTi contains a good collection of

paintings and MSS. ; and gi'eat treasures of archeology are amassed

in various private collections in Moscow and its suburbs.

The periodical press does not on the whole exercise great influ-

ence ; twenty-five periodicals are published, besides those of scientific

societies. But Moscow publishes a far larger number of books for

primary instruction and ofthe humblest kind of literature and prints

for the use of peasants than any other Russian city.

The philanthropic institutions are numerous, the first rank being
occupied by the immense Foundlings' Hospital, erected in 1764.

The nospitals, municipal, military, and private, 'are very large, but
much below the standard of other capitals. The number of private

philanthropic institutions is very considerable.

Though the drama was introduced into Russia at KiefF, Moscow
was the place of its development. The earliest stage representations

were made at Moscow in 1640, and the first comedy—a translation of

Holihe'alledecinMalgriLui—was played in the palace before Sophie,

the sister of Peter I. It was only in 1759 that a theatre was erected.

A large stone theatre was erected in 1776, and rebuilt in 1856 after

a fire. It is for the Moscow stage that the best Russian dramas
have been written, and it was in the "small theatre" that the best

Russian actors—Schepkin, Sadovsky, Shumsky, and Madame Vasi-

lieff—exhibited the comedies of Gogol, Griboyedofi', and Ostrovsky.

Moscow, where the Great-Russian language is spoken in its

greatest purity, was the birthplace of the two chief Russian poets,

Pushkin and Lermontoff, as well as of Griboyedoff, Ostrovsky, and
Herzen. A monument to Pushkin was erected in 1880, on the

Tverskoy boulevard. Griboyedofi', in his remarkable comedy Gore

et uma, has given a Hvely picture of the higher Moscow society of

the beginning of this century, which continued to hold good until

Tcithin the last few years. His remark as to the unmistakable
individuality of the Moscow tj-pe also maintains its truth ; although
the physiognomy of Moscow has much changed since his day, it

still has its special features that distinguish it from every other

capital. The division of classes is much more felt at Moscow than
elsewhere. The tendency towards originality, the love of grandiose

undertakings, a kind of brag, together with little feeling of inde-

pendence, a good deal of laziness, and much cordiality, still charac-

terize the educated classes. The merchants live quite aloof from
any political or even intellectual movement, under a rude patri-

archal system, well described in the dramas of Ostrovsky. A large

proportion of them are nonconformists. Their sons, the well-

known kupecheskiye synki, "merchants' sons," when they leave

this kind of life, astonish the capital with their extravagances and
absurd display of wealth. But Moscow takes its present physiog-

nomy chiefly from its busy lower classes. The streets are full of

merchants and peasants, who continue to wear the old Russian garb,

go on foot in the streets, drink tea in modest restaurants, and trans-

act large business. From being a town of the aristocracy, Moscow
is coming to be more and more a town of the wealthy middle

classes, who persist in keeping the low educational level of the

peasants in the villages, and have but one aspiration, to become in

their turn " merchants " of the type described by Ostrovsky.
_

Suburbs.—JIoscow is surrounded by beautiful parks and pictur-

esque suburbs. Of the formerone ofthe most frequented is the Petror-

sky Park, to the north-west. A little farther out is the Petroyskoye

Razumovskoye estate, with an agricultural academy and its de-

pendencies (botanical garden, experimental farm, &c.). Another
large park and wood surround an imperial palace in the vUlage

of Ostankino. The private estates of Kuzminki, Kuskovo, and

liuntzeTO are also surrounded by parks ; the last has reinains

of a very old graveyard, supposed to belong to the pagan period.

Twenty-eight mUes westward from the city is the Sawin-Storojevsky

monastery, situated, like so many other Russian monasteries, in avery

feriile country, amidst beautiful forests ; it has a pretty cathedral,

a ruh treasury, and library. Farther westward still is the New
Jerusalem monastery erected by the patriarch Nikon.

In the south-west, on the right bank of the Moskva, which here
makes a great bend to the south, are the Vorobiovy hills, which
are accessible by steamer from Moscow, and afford one of the best
views of the capital. In the bend of the Moskva is situated the
Novo-Dyevitchiy convent, erected in 1525, and connected with
many events of Russian history. It is now the burial-place of the
Moscow aristocracy, and one of the richest nunneries in Russia. The
village Arkhangelskoye has also a good park and a palace built by
Rastvelli. Iliynskoye, formerly a private estate, was purchased by
the imperial family in 1864.

In the south, on the road to Serpukhoff, is the village of
Solomenskoye, the residence of Alexis Mikhailovitch, with a
church built in 1531 (a striking monument of Russian architecture,

restored in 1880). Diakovo has also a church built in the 16th and
17th centuries—a pure example of the architecture of Moscow,
recalling the temple of Vasili Blajennyi. One of the best sites in

the neighbourhood of Moscow is occupied by the park of Tsaritzyno

(11 miles from the Kursk railway station), purchased by Catherine
II., with an unfinished palace and a beautiful park. Themonastery
Nikolo-Ugryeshskiy, 12 miles from the city, between the Kursk
and Ryazan railways, also occupies a beautiful site, and is much
visited by Moscow merchants, to venerate a holy picture by which
Dmitry Donskoy is said to have been blessed before going to fight

the Mongols.
In the north, the forest of Sokolniki, covering 4 J square miles,

with its radial alleys and numerous summer residences, is the part of

Moscow most frequented by the middle classes. Close by, towards

the east, is situated the Preobrajenskoye suburb, the centre of the

nonconformists, and farther south the village of IzmaUovo, with a

home for invalids and a model farm for apiculture. To the west

of Sokolniki is situated the wood of Mariina, -the favourite resort

of the merchants and " merchants' sons," who there spend fabulous

sums of money on choirs of Gipsy singers.

History.—The Russian annals first mention Moscow in 1147 as a

place where Yuri Dolgoruki met with Svyatoslav of Syeversk and
his allies. The site was inhabited from a very remote antiquity

by the Merj-a and Mordvinians, whose remains are numerous in

the neighbourhood, and it was well peopled by Great-Russians in

the 12th century. To the end of the 13th century Moscow re-

mained a dependency of the princes of Vladimir, and had to sufier

from the raids of the Mongols, who burned and plundered it in

1237 and 1293. It is only under the rule of DaniU, son of Alex-

ander Nevsky (1261-1302), that the prince of Moscow acquired

some importance for the part he took in the wars against the

Lithuanians. He annexed to his principality Kolomna, situated

at the confluence of the Moskva with the Oka. His son in 1302

annexed Pereyaslavl Zalessky, and next year Mojaisk (taking thus

possession of the Moskva from its head to its mouth), and so

inaugurated a policy which lasted for centuries, and consisted in

the annexation by purchase and other means of the neighbouring

towns and villages. In 1300 the Kremlin, or fort, was enclosed

by a strong wall of earth and wood, offering a protection to nu-

merous emigrants from the Tver and Ryazan principalities who
went to settle around the new city. Under John Kalita (1325-

1341) the principality of Vladimir—where the princes of Kiefi

and the metropolitan of Russia had taken refuge after the wars

that desolated south-western Russia—became united with Moscow
;

and in 1325 the metropolitan Peter established his seat at Moscow,

giving thus a new importance and a powerful support to the young
principality. In 1367 the Kremlin was enclosed by stone walls,

which soon proved strong enough to resist the Lithuanians undef

Olgerd (1368 and 1371). The son and grandson of Kalita steadily

pursued the same policy. The latter (Dmitry Donskoy) annexed

the dominions of Starodub and Rostoff, and took part in the re'

nowned battle of Kulikovo (1380), where the Russians ventured for

the first time to oppose the Mongols in a great pitched battle.

The church, which strongly supported the princes of Moscow,

ascribed the presumed victory to him and to the holy pictures

of the Moscow monasteries.

At this time Moscow -occupied a wide area covered with villages.

The Kremlin had three cathedrals—old, small; and dark buildings,

having narrow windows filled with mica-plates—which were sur-

rounded by the plain wooden houses of the prince and his boyars.'

To the cast of the Kremlin was the posad, or city, also enclosed by

a wall and even then an important centre for trade. Difl'erent

parts of the town belonged to different princes. In 1 366 Moscow suf-

fered from pesrilence. Two years after the battle of Kulikovo it was

taken and plundered. (for the last time) by the khan (Toktamish).

The gradual increase of the principality continued during the

first half of the 15th century, and at the death of Vasili II. the

Blind, in 1462, it included not only the whole of what is now the

government of Moscow, but also large parts of the present govern-

ments of Kaluga, Tula, Vladimir, Nijni - Novgorod, Kostroma,

Vyatka, Vologda, Yaroslav, and Tver. Still the prince, although

assuming, Hke several others, the title of Great Prince, had simply

1 The name of boyan, or iioiorj, was given to the descendants of the former

military handa of tiie princes, who had Deccme coonaeUors and landownera.
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a little more inflnence than other independent rulers in the affairs

of north-eastern Russia, and was recognized as the eldest prince

by the khans. The tomis which recognized his supremacy were
quite independent, and only paid to his representatives the judi-

ciary taxes, in exchange for military protection. It is only under
Ivan HI. (called the Great by some Russian historians) that the
prince of Moscow asserted his claims on other parts of Russia, and
called himself "Ruler of all Russia" {Eospodar vseya Eosii). it

was about this time, when the wealth of Moscow was rapidly in-

creasing by the extension of its trade, that the embellishment of

the to^vn began. In room of the old cathedral Uspensky, a new
Btructura was built by Fioraventi of Bologna, aided by Norgorod
masons. The cathedral Arkhangelsky was also rebuilt, and a third,

Blagovyeschensky, was erected, as well as a stone palace and other
buildings. The Kremlin was fortified by strong towers, and the
houses and churches built close to the walls were destroyed. In
1620 Moscow was said to contain 45,000 houses and 100,000 in-

habitants. Its trade was very active. Ivan IV. finally annexed
Novgorod and Pskov to Moscow, and subdued Kazan and Astra-
khan. But after this reign Moscow suffered for a long time a
series of misfortunes. In 1547 two dreadful conflagiations destroyed
nearly all the city, and a few days later the khan of the Crimea
advanced against it with 100,000 men. He was compelled to retire

from the banks of the Oka, but in 1571, taking advantage of the
state into which Russia was brought by the extravagances X)f Ivan,
he took Moscow and burned all the town outside the Kremlin.
The gates of the Kremlin having been shut, thousands of people
died in the flames, and the annals record that of the 200,000 who
then formed the population of Moscow, only 30,000 remained. In
1591 the Mongols were again in Moscow and avenged their repulse
from the Kremlin on the inhabitants of the open town.
By the end of the 16th centuiy Moscow was a large- cityj not

less than 14 miles in circumference. The " Great Posad," or city,

containing several Gostinoy Dvors for merchants of all nationah-
ties, was enclosed in 1534 by a trench and stone wall, which
still exist. The " White Town" which enclosed the Kremlin and
Great Posad from west and north was also fortified, in 1586, by a
stone wall (destroyed in the ISth century) ; and in 1588 a third
enclosure, a palisaded earthen wall, the Zemlyanoy-Gorod, was begun,
including all the town that surrounded the three former subdivi-
sions ; it remained until the end of the 18th century. Foreigners
who visited Moscow spoke with astonishment of its wealth and its

beauty. But the internal affairs of the capital were in very bad
case. During the century, on-ing to the increase of population,
new annexations, and a lively trade, the power of the boyars had
gradually increased. The peasants who settled on their lands, or
on the estates of the prince given to boyars, had gradually become
their serfs ; and the political tendency of the boyars, supported
by the wealthier middle classes (which had also a rapid develop-
ment in the same centui-y), was to become rulers of Russia, like

the noblesse of Poland. Duiing the reign of Theodore, Boris
Godunoff, the regent, ordered the murder of the heir to the throne,
Demetrius, son of Ivan IV., and himself became czar of Russia.
Moscow suffered severely in the struggle which ensued, especially
when the populace rose and exterminated the Polish garrison, on
which occasion the whole of the town outside the Kremlin was
again burned and plundered. But in compensation it had acquired
in the eyes of the nation a greatly-increased moral importance, as
a stronghold against foreign invasions. The monastery of Troitsa,

which the Poles besieged without taking, was invested with a
higher sanctity. The town also by and by recovered its commercial
importance, and this the more as other commercial cities were
mined, or fell into the hands of foreigners ; and thirty years after

1612 Moscow was again a wealthy city. Owing, however, to the
ever-increasing concentration of power in the hands of the czars,

and the steady development of autocracy, it lost much of its

poHtical importance, and assumed more and more, especially under
Alexis Mikhailovitch, the character of a private estate of the czar,

its suburbs becoming mere dependencies of his vast household.
During the whole of the 17th century Moscow continued to be

the scene of many troubles and internal struggles. The people
several times revolted against the favomites of the czar, and were
subdued only by cruel executions, in which the strcUzy—a class

of citizens and merchants rendering hereditary military service

—

supported the czar. Afterwards appeared the raskol or noncon-
formist movement, and in 1648, when the news spread that Stenka
Razin was advancing on Moscow "to settle his accounts with the
boyars, " the populace was kept from rising only by severe repres-
sive measures and by the defeat of the invader. Later on, the
ttreUzy themselves engaged in a series of rebellion^, which led the
youthful Peter I. to shed rivers of blood. The opposition encoun-
tered at Moscow by his plans of reforming Russia according to his
ideal of miiitaiy autocracy, the conspiracies of the boyars and mer-
chants, the distrust of the mass of the people, all compelled him
afterwards to leave the city, and to seek, as his ancestors had
done, for a new capital. This ho founded on the very confines of
the military empire be was trying to establish.

In the course of the l8th century Moscow became the seat of a
passive and discontented opposition to the St Petersburg Govern-
ment. Peter I. , wishing to see Moscow like other capitals of western
Europe, ordered that only stone houses should be built within the
walls of the town, that the streets should be paved, and so on ;

but his orders were only partially executed. In 1722 the Kremlin
was restored. In 1739 the city became once more the prey of a
great conflagration ; two others followed in 1748 and 1753, and
gave an opportunity for enlarging some streets and squares. In
1755 the first Russian university was founded at Moscow.- Catherine
II. tried to conciliate the nobUity, and applied herself to benefit

the capital with new and useful buildings, such as the senate house,

the f, indlings' and several other hospitals, salt stores, &c. The
cemeteries within the town were closed after the plague of 1771 ;

seTeral streets were enlarged, and the squares cleared of the small
shops that encumbered them. "Water was brought by an aqueduct
from the Mytisclii villages. In 1787 the city had 303 churches, 24
monasteries and convents, 8965 houses (of which 1595 were of stone),

one printing-office, and 314 manufactories and larger workshops.
The last public disaster was experienced by Moscow in 1812. On

13th September, sis days after the battle of Borodino, the Russian
troops evacuated Moscow, leaving 11,000 wounded, and the next
day the French occupied- the Kremlin. The same night, while
Napoleon was waiting for a deputation of Moscow notables, and
received only a deputation of the rich raskolnik merchants, the
capital was set on fire by its own inhabitants,*the Gostinoy Dvor,
with its stores of wine, spirits, and chemical stuffs, becoming the
first prey of the flames. The inhabitants abandoned the city, and
it was pillaged by the French troops, as well as by Russians them-
selves, and the burning of Moscow became the signal of a general
rising of the peasants against the French. The want of supplies

and the impossibility of wintering in a ruined city, continually
attacked by Cossacks and peasants, compelled Napoleon to leave

Moscow on 19th October, after he had unsuccessfully tried to blow
np certain jjarts of the Kremlin. fP. A. K.)

MOSELLE. See Rhine.

MOSER, JoHANN Jakob (1701-1785), jurist, was bom
at Stuttgart on ISth January 1701. He studied at the
university of Tubingen, -where, at the early age of nineteen,

he became professor extraordinarius of law. ^ A year later

he resigned his chair, with the expectation of receiving an
appointrnent at Vienna, but this was refused him on his

declining to join the Catholic Church. From 1729 he
for some years held an ordinary professorship of law at

Tiibingen, and in 1736 he accepted a chair and directorship

in the university of Frankfort-on-the-Oder. On account,

however, of differences with King WUliam I. of Prussia,

he resigned these in 1739 and retired to Ebersdorf, a village

in the principality of Reuss, where for several years he

devoted himself wholly to study, and especially to the

production of his Deutsches Staatsrecht. In 1751 he was
called back to Wiirtemberg as " landschaftsconsulent,"

and in 1759 was imprisoned at Hohentwiel on account of

the steps he had taken in connexion with this office against

certain tyrannical proceedings of the duke. Li 1764 he
received his Uberty and was restored to office, but from
that time took little part in political affairs. He died 30th

September 1785.
Moser was the first to discuss in an adequate form the subject of

European international law, and he is the most voluminous German
writer on public law. In all, he wrote more than 600 volumes,
his principal works being Deulsches Staaisrcehl, 1737-1754 ;' Neues
Deutsches Staatsrecht, 1766-1776 ; Deulsches Staatsarchiv, 1751-1757 r

Orundriss dcr hcutigen Staatsrerfassmig von Dcuischland, 1754.
See Schmid, Das Lehen J. J. Moser's, 1868 ; Schulze, J. J, Mosei,
der Vater dcs Dcutschcn Staatsrcch'-i 1869.

MOSES. Of the life of ivioses we have few certain

details, though the history of Israel bears witness to the

importance of his work. To what has been said under
IsEAEL there will here be added a brief summary of what
has been handed down about him. His origin and the
history of his childhood can be read in Exod. i., ii. (comp.
vi. 16 sq.); the statements there given are enlarged and
modified in the Jewish Midrash, particularly as we find it

in Josephus and Philo.* The daughter of Pharaoh, we axe
told, was called Thermutis {Ant, ii. 9, 5), or Merris (Euseb.,

* In still more fantastic form in the Palestinian Targum on Exodus,
the details of which need not be repeated here.
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Praq>. Ev., is. 27) ; she named the boy Mmvo-^s, not because

she used the Hebrew verb riK'O to express the fact that he

was drawn out of the water, but because the Egyptian word

for water was /iw, and wnjs applies to those who have been

delivered from it {Ant., ii. 9, 6 ; comp. Philo, ed. Mangey,

ii. 83 ; Euseb., I.e., ix. 28). She took care to have him
trained in all the wisdom of the Eg)rptian3 (Acts vii. 22)

and in that of the Greeks, Assyrians, and Chaldaeans as

well (Philo, ii. 84). To his great intellectual endowments
corresponded his personal beauty, of which Josephus speaks

in extravagant terms {Ant., iL 9, 6-7). It was on account

of this beauty that, when on one occasion, as a young man,

he led an Egyptian army against Meroe, the Ethiopian

princess Tharbis opened the gates of the capital to him in

order to make Viim her husband (Ant., ii. 10; comp. Numb.
liL 1).

For reasons explained in Exod. ii. 11 &q., Moses left

the land of Pharaoh and came to Midian to the Kenite

priest Jethro (also called Hobab Ben Baguel and Raguel),

whose daughter Zipporah he married, becoming by her the

father of two sons, Gershom and Eliezer (Exod. ii. 21 sj.;

rviii. 2 «2.). During his stay in Midian he received, at

the foot of Sinai (Horeb), the divine revelation at the

burning bush whereby he was called to become the liberator

of Israel from Egyptian bondage. With much reluctance

he at last accepted this vocation, and, already expected by
his brother Aaron and the elders, returned to his people.'

Arrived in Egypt, he associated Aaron with him as his

interpreter, being himself no orator, but a man of counsel

and action, and appeared before Pharaoh to demand of the

king in Jehovah's name permission for the people to go with

flocks and herds into the wilderness to celebrate there a
festival (the spring festival of the Passover) in honour of

their God. Jehovah gave emphasis to the demand by
great signs and wonders,—the plagues of Egypt, which have
their explanation for the most part in evils to which Egypt
is periodically liable, but are treated by Israelite tradition

as the weapons of Jehovah in his ever-intensifying conflict

with the king and the gods of Egypt. At length, by the

slaying of the first-bom, the stubbornness of Pharaoh was
broken, so that he consented to, and even urged, the de-

parture of the Hebrews. By and by, however, he changed
his mind, and, setting out in pursuit of the Hebrews, over-

took them at the Red Sea ; but Jehovah fought for them,

and annihilated Pharaoh's chariots and all his host. la
order to present themselves in proper festal array at the

celebration for the sake of which they were going into the

wilderness, the Hebrew women had borrowed dresses and
ornaments from those of Egypt ; the Egyptians could now
only blame thepiselves and their hostile conduct if those

articles were not retumed.-

By the miracle wrought at the Red Sea Moses was
pointed out to the Hebrews as the man of God, to whom
accordingly they now committed the task of carLag for

their outward life as well as their spiritual guidance. He
led them £rst to Sinai, where the law was revealed and the

worship in connexion with the ark of the covenant insti-

tuted. When he had communed face to face with the

Godhead for forty days on the holy motmtain, the skin of

his face shone so that he had to wear a veil (hence the

horns, properly rays, cm his forehead). Driven from Sinai

in consequence of their worship of the golden calf, the
Israelites removed to Kadesh with the view of entering

^ On the road occurred the remarkable incident which, in the view
of the narrator, led to the circumcision of infants being substituted

for that of the bridegroom (Exod. iv. 24, 25 ; VPJI? WHI, to mark
the substitution,—compare the euphemism in Tsa. vii. 20).
* " Quite contrary to the sense of the Biblical narrative, Justin (rxxvL
2, 13) says, "Sacra ^gyptiomm furto abstnlit ;" and still more per-
verse is the gloss which Ewald, proceeding upon this expression of
Justin, gives.

Palestine. But this plan was defeated by their unbelief

and faintheartedness, and, as a punishment, they were
compelled to sojourn forty years in the wilderness of Kadesh
(Paran, Sin). It was here and now that the people went
to school with Moses ; here, at the sanctuary of the camp,
he declared law and judgment ; and here, according to

the view of the oldest tradition, the foimdations of the

Torah were laid (Exod. xviii.). The region of Kadesh
was also the scene of almost all the miracles and other cir-

cumstances we read about Moses. Here he showed himself

to be at once the father and mother of the people, their

judge, priest, and seer. It was not till towards the very
close of his life that he led the Israelites from Kadesh into

northern Moab, which he wrested from the Amorite king,

Sihon of Heshbon. Here he died on Mount Pisgah or

Nebo, after taking leave of the people in the great legisla-

tive address of Deuteronomy. According to Deuteronomy
xxxiv. 6, he " was buried in a valley in the land of Moab,
. . . but no man knoweth of his sepulchre unto this day." '

As his successor in the leadership, Moses had named Joshua
ben Nun, but the real heirs to his position and influence

were the priests at the sanctuary of the ark of the covenant.
Of his personal character the Bible tells us nothing (for

yy in Numb. xii. 3 means only " heavily burdened ") ; but
later Judaism is all the more at liberty on this account to

expatiate upon it (see especially Josephus, Ant., iv. 8, 49).
Such in brief risumi are the accounts of Hoses given in the Bible*

and the Midrash. In addition to these we have also the statements
of Hellenistic writers, preserved chiefly in the Contra Apionem of
Josephus. These are all of an Egyptian complexion, and probably
embody no ancient and independent tradition, but, in all that
relates to the Hebrews, where they do not rest upon pure conjec-
ture, merely go back upon obscure rumours of Jewish origin and
dress them up after the manner of the Midrash—only in a con-
trary sense, with hatred and not with love—and then seek to fit

them as well as may be into the Egyptian history and chroaology
as known from other sources. The great number of new proper
names of places and persons which occur in the writings of llanetho
and his like cannot be urged against this view, for the Midrash also
is fuU of them. The very name Osarsiph, given to Moses himself,

moreover, suggests a suspicion of dependence on the Asaphsuph,
"mixed multitude" of Numb. xL 4 (comp. Exod. xiL 38) ; what
is said in these places is known to have played a great part in the
rise of the idle Egyptian tales about the origin of the Jews and of

their lawgiver.

For literature, see the various commentaries on the Pentateuch,
and especially Dillmann on Exodus. (J. WE.)
MOSES OF Choeeite was a native of Khor'ni ^ in Taron,

a district of the Armenian province of Turuberan. Accord-
ing to the only trustworthy authority— the History of
Armenia^ which bears his name—he was a pupil of the

two fathers of Armenian literature, the patriarch or catho-

licos Sahak the Great and the vartabed Mesrob. Shortly

after 431 he was sent by these men to Alexandria to study
the Greek language and literature, and thus prepare him-
self for the task of translating Greek writings into

Armenian. Moses took his journey by Edessa and the
sacred places of Palestine. After finishing his studies in

the Egyptian capital he set sail for Greece ; but the ship

was driven by contrary winds to Italy, and he seized the
opportunity of paying a flying visit to Rome. He then
visited Athens, and towards the end of winter (440) arrived

in Constantinople, whence he set out on his homeward
journey. On his arrival in Armenia he found that his

patrons were both dead. The History of Armenia speaks
of its author as an old, infirm man, constantly engaged in

the work of translating.' In the later Armenian tradition

' The legend of his assumption is of later growth ; see the apocryphal
Asaumptio Moysis (Apocaltftio LrrEBATUBK, vol. ii. p. 177), and
compare Luke ix. 30, 33 ; Jude 9.

* Outside of the Hexateuch, however, he is almost never mentioned.
• Cf. Sukias Soma], Quadro delta storia Uttcraria dt Armenia, p.

24 sq. « iii. 61 sq., 68, 65.
' On linguistic grounds, the M^chitaiists ascribe to him the tran?!r-

Uon of Ettsebius's Chronicle and of the Psendo-Callisthei.ej.
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we find other notices of this celebrated man,—such as,

that he was the nephew of Mesrob, that he was publicly

complimented by the emperor Marcian, that he bad been

ordained bishop of Bagrewand by the patriarch Glut, and

that he was buried in the church of the Apostolic Cloister

at Mush in the district of Tarun ; but these accounts must

Ije received with great caution. This remark applies

especially to the statement of Thomas Ardsruni,- that

Moses, like his Hebrew prototype, lived to the age of 1 20

years, and recorded his own death in a fourth book of his

great work.^ The same caution must be extended to

another tradition, based on an arbitrary construction of a

passage in Samuel of Ani.* which places his death in the

year 489.' _
Of the works Qf Moses * the best known is the History

nfAnnenia,^ or, as the more exact title runs, the Genealogi-

cal Account of Great Armenia. It consists of three books,

and reaches down to the death of Saint Mesrob, in the

second year of Jazdegerd II. (17th February 440).'' It is

dedicated to Sahak Bagratuni (who was afterwards chosen

to lead the revolted Armenians in the year 481), as the

man under whose auspices the work had been undertaken.

This work, which in course of time acquired canonical

authority among the Armenians, is partly compiled from

sources which we yet possess, viz., the Life of Saint Gregory

by Agathangelos, the Armenian translation of the Syriac

Doctrine of the Apostle Addai, the Antiquities and the

Jewish War of Josephus, and above all the History of Mar
Abas Katina (still preserved in the extract from the book
of Sebeos),* who, however, did not write, as Moses alleges,

in Syriac and Greek, at Nisibis, about 131 B.C., but was a

native of Medsurch, and wrote in Syriac aione about 383
A.D., or shortly thereafter. Besides these, Moses refers to

a whole array of Greek authorities, which were known to

him from his constant use of Eusebius, but which cannot

possibly have related all that he makes them relate.'

Although Jloses assures us that he is going to rely entirely

upon Greek authors, the contents of his work show that it

is mainly drawn from native sources. He is ^hiefly indebted

to the popular ballads and legends of Armenia, and it is

to the use of such materials that the work owes its perma-

nent value. Its importance for the history of religion and
mythology is, in truth, very considerable, a fact which it

is the great merit of Emin '" and Dulaurier^i to have first

pointed out. Jor political history, on the other hand, it

is of much less value than was formerly assumed. In

particular, it is not a history of the people or of the

country, but a history of the Armenian aristocracy, and, in

' Collected by Langlois, Collection des historiens de I'Arminie, ii.

47 5?.

" In Brosset, Collection d'historicns Arminiens, i. 68.
' There is not the slightest allusion elsewhere to any such book,
* In Brosset, ii. 387. ^

' romplete edition of the Mechitarists. Venice," 1843 } oewi^iT,
1865, 8vo.

« The oldest MS. is that of S. Lazaro of the. 12th century. Ca\-

lations of MSS. of Etchmiadzin and Jerusalem are given by Agop
tiarinian, Tiflis, 1 858, 4to. The book has been edited and translated by
Whiston, London, 1736, 4to ; and by Le Vaillant de Florival, Venice
mid Paris, s.a. (1841), 2 vols. 8vo.

^ Tlie commencement of this king's reign has been fixed by Ndldeke
(Oeschichle dcr Sassanidcn aus Tabari, p. 423) as 4th August 438

;

rnd this date has subsequently been established by documentary
evidence from the fact of the martjTdom of Pethion (see HolTmann,
ilus.zuge ai/s Syyischen Aktcn persischer Martyrer, p. 67).

® Translated in Langlois, i. 195 sy.

For the following statements, the proofs may be found in the

iirticle " Ueber die Glaubwiirdigkeit dcr Armeuischen Geschichte des
Moses von Khoren," by the present ^vriter, in the Berickle der phit.

histor. Classe dcT Klinigl. Sachs. Oesellschaftder Wissenscha/ten, 1876,
p. 1 sq.

" The Epic Songs of Ancient Armenia (Arm.), Moscow, 1850.
^^ *' Etudes sur les chants historiques el les traditions populaires de

.'oncienne Ajinonie," in the Journ. Asiat., iv.. sit, 19 (1852), p. 5 sq.

opposition to the Mamikonian tendency which pervades the

rest of the older Armenian historical literature, it is written

in the interest of the rival Bagratunians. Do^m to the 3d
century it is proved by the contemporary Grseco-Roman
annals to be utterly untrustworthy ; but eyen for the times

of Armenian Christianity it must be usedr, far more
cautiously than has been done, for example, by Gibbon.
The worst feature is the confusion in the chronology, which,

strange to saj', is most hopeless in treating of the con-

temporaries of Moses himself. What can be thought of a
writer who assigns to Jazdegerd I. (399-420) the eleven

years of his predecessor Bahram IV., and the twenty-one

years of Jazdegerd I. to his successor Bahram V. (420-439) ?

The present -writer ^- formerly attempted to explain this

unhistorical character of the narrative from a tendency
arising out of the peculiar ecclesiastical and political cir-

cumstances of Armenia, situated as it was between the

eastern Koman and the Persian empires, circumstances

which were substantially the same in the 5th as they were
in the two following centuries. In the course of further

investigations, however, he has come to the conclusion

that, besides the many false statements which Moses of

Khor'ni makes about his authorities, he gives a false

account of himself. That is to say, the author of the

History of Armenia is not the venerable translator of the

5th century, but some Armenian writing under his name
during the years between 634 and 642. The proof is

furnished on the one hand by the geographical and ethno-

graphical nomenclature of a later period and similar

anachronisms,'^ which run through the whole book and are

often closely incorporated with the narrative itself, and on
the other hand by the identity of the author of the History

^\'ith that of the Geography, a point on which all doubt is

excluded by a number of individual affinities,'^ not to speak

of the similarity in geographical terminology. The critical

decision as to the authorship of the Geography settles the

question for the History also.

Tlie Geography is a meagre sketch, based mainly on the Chore-
graphy of Pappus of Alexandria (in the end of the 4th century),

and indirectly on the work of Ptolemy. Only Armenia, the Persian
empire, and the neighbouring regions of the East are independently
described from local information, and on these sections the value
of the little work depends. Since the first published text" contains
names like "Russians " and "Crimea," Saint Martin in his edition"
denied that it was imttcn by Moses, and assigned its origin to the
10th century. ' It was shown, however, by L. Indjidjean " that
these are interpolations, which are not found in better manus"ripts.
And in fact it is quite evident that a book which gives tlie division

of the Sasanid empire into four spahbehships in pure old Persian
names cannot possibly have been composed at a long interval after

the time of the Sasanidje. But of course it is equally clear that
such a book cannot be a genuine work of JIoscs of Khor'ni ; foi

that division of the empire dates from the early part of the reign
of King Chosrau I. (531-579).'* Accordingly the latest editor, K.
P. Patkanow,i,' to whom we are indebted for tlie best text of the

12 "Ueber die Glaubwiirdigkeit," ^c, p. 8 sq.

" Instances of these may be found in i. 14, where the crranpiincm
of Armenian provinces I., II., III., IV., introduced in the jcar i'iS, is

carried back to Aram, au older contemporary of Niuus ; and in t)ie

passage iii. 18, according to which Shupur II. penetrated to Bithyuia.
although the Persians did not reach that till 608.
" See the confusion, common to both books, between Cappadocia I.

and Armenia I., in consequence of which Mazaka and Mount ArgSus
are transferred to the latter locality (.'//.•(., i. 14 ; Gcogr., Saint Martin's

ed. , ii. p. 354) ; also the passages which treat of China and Dcheubakur
(Hist., ii. 81 ; Geogr., ii. p. 376)_, &c-

'^ Edition with translation by Whiston, London, 1736, 4to.
'^ In the ilimoires historiques et giographiques sur I'Armenie (Paris.

1819, 8vo^, ii. p. 301 sq.

" Antiquities of Armenia (Arm.), iii. p. 303 sq.
'* See Noldeke's Tabari, p. 155 sq.

'' Armjanskaja gcographija vii. vidkapo r. Ch. ^p^ipisiw awschajasja
Moiseju Chorenskomu), St Petersburg, 1877, 8vo. Before him
Kiepert (in the 'ilonatsb. d. Berliner Akad., 1873, p. 599 sq.) had
substantially arrived at the right conclusion when he assigned th«
portions of the Geography referring to Armenia to the time betvjen
Justinian and Maurice.
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tocography, is of opinion that we have in it a writing of the 7th
century. In this judgment we must concur ; and, if the limits

within which the Geography was composed are to be more nearly
ilefined, we may say that, from isolated traces of Arab rule' (which
ill Armenia dates from 651), it must have been written certainly

after that year, and perliaps about the year 657.^

Another extant work of Moses is a Manual of Bhcloric, in ten
books, dedicated to his pupil Theodoras. It is drawn up after

Greek models, in the taste of the rhetoric and sophistry of the later

imperial period. The examples are taken from Hermogenes, Theon,
Aphthonius, and Libanius ; although the author is also acquainted
with lost writings, e.g., the Pdiadcs, of Euripides. On account of

the divergence of its style from that of the History of Arnunia,
Armenian scholars' have hesitated to ascribe fbe Rhetoric to Moses
of Khor'ni ; but, from what has been said above, this is rather to

be reg.arded as a proof of its autheuticity.

Smaller works bearing the same honoured name'' are—the Letter

to Sahak Ardcruni ; the History of the Holy Mother of God and her

Image (in the cloister of Hogotsvauch in the district Andzevatsi of

the province of Vaspurakan), which is also addressed to Sahak
;

and the Panegyric on Saint Rhipsime Of the sacred poems attri-

buted to him, there is only one short prayer, contained in the

hymnal of Sharakan, which can really claim him as its author.

Of works passing under the name of Moses of Khor'ni, the follow-

iu j? are regarded by the historians of Armenian literature as spurious

:

a History (distinct from the Panegyric) of the wanderings of Saint

Rhipsime and her companions ; a Homily on the transfiguration of

Christ ; o Discourse on IVisdom {i.e., the science of grammar) ; the

Commentaries on grammar (an exposition of DionysiuS Thrax). In
the case of the grammatical writings, it has been suggested that

tnere may have been some confusion between Moses of Khor'ni and
a Moses of Siunich, who lived in the 7th century. (A. v. G.

)

MOSHEIM, JoHANN LoRENZ VON (c 1694-1755), well

known as a churcli historian, but also distinguished in his

day as a master of eloquence, was born at Liibeck on the

9th of October. There is some uncertainty as to the year,

but the probability is in favour of 1693 or 1694. He
received a somewhat irregular education at the gymnasium
of his native place, and afterwards entered the university

of Kiel, where he took his master's degree in 1718. His

first appearance in the field of literature was in a polemical

tract against Toland, Vindicise antiqux Christianorum dis-

ciplin.se (1720), which was soon followed by a volume of

Obsermtiones sacrx (1721). These works, along with the

reputation he had acquired as a "lecturer on philosophy,

and also as a fervent and eloquent preacher while acting

as assistant to Albrecht zum Felde, his teacher and future

father-in-law, secured for him a call to a theological chair

at Hehnstadt, in 1723. The Institutionum Hislorix Eccle-

siastics libri IV. appeared in 1726 (2 vols., 12mo), and

in the same year he was appointed by the duke of Bruns-

wick abbot of Marienthal, to which dignity and emolu-

ment the abbacy of Michaelstein was added in the following

year. Mcsheim was much consulted by the authorities

when the Tiew university of Gottingen was being formed
;

especially had he to do with the framing of the statutes

of the theological faculty, and with the provisions for

making the theologians independent of tho ecclesiastical

courts. But having signed in 1726 a promise to remain

in Helmstadt he was unable to accept the call to the

Georgia Augusta which was urgently pressed upon him,

until the year 1747, when the duke of Brunswick at last

released him from his obligation. To enhance the dignity

he already possessed as a learned and brilliant theological

professor at Gottingen, a new office was specially created

for him, that of chancellor, which, however, proved some-

Avhat burdensome, exciting the jealousy of the nobles whom
be governed. He died at Gottingen on 9th September

' The passage about the trade of Basrah, which was founded in 635,

is decisive on this point (Saint Martin's edition, ii. p. 368).
' The peculiar interest which the author (Saint Martin, ii. p. 340)

takes in the origin of the Slavs in Thrace is best explained by the war
.against them which called the emperor Conslans II. away from the

East in the year* 657. In other respects the writer displays the most
complete indifference, and even ignorance, with regard to the state of

affairs m the West.
' Cf. LangloU, ii. 49. * Cf. Langlois, I.e.

1755, shortly after the completion of a new and greatly

improved edition of his Church History.
For Mosheim's place as an ecclesiastical historian, see CHDRCrt

History, vol. v. p. 765. In this department of literature, in
addition to the Institutions must be specially mentioned his De
Rebus Christianorum ante Constantinum Magnum Commenlarii
(1753), and Gibbon's just criticism : "Less profound than Petavius,
less independent than Le Clerc, less ingenious than Beausobre, the
historian Mosheim is full, rational, correct, and moderate." His
exegctical writings, characterized by learning and good sense,

include Cogitationes in N. T.'loc. select. (1726), and expositions
of 1 Cor. (1741) and the two Epistles to Timothy (1755). In his
sermons {Hcilige Redcn) considerable eloquence is shown, and a
mastery of style which justifies the position he held as president of
the German Society. There are two English versions of the Insti-

tutes, that of Maclaine, published in 1764, and that of Murdock
(1832), which is much more correct. The latter was revised and
re-edited by Reid in 1848. An English translation of the De Rebus
Christianorum, begun in 1813 by Vidal, was completed and_edited
by Murdock in 1851.

^lOSQUE {Jdmi', or more fully Masjid Jdmi', the place

of congregational prayer). Owing to the almost complete
absence of ritual in the Moslem worship, the mosque, at

least in its earlier forms, is one of the simplest of all re-

ligious buildings,— its normal arrangement being an open
court (Sahn) surrounded by a covered cloister (Liwdn), in

the centre of which is a cistern for the ablutions requisite

before prayer (Mida'a) -j^ the side of the mosque which is

towards Mecca is occupied by a roofed building {Malcsura),

or place reserved for prayer, sometimes screened off from
the court, but frequently quite open towards it. In the

centre of this sanctuary is a niche (Jfihrdb or Kibla)

showing the direction of Mecca ; and by the side of the

niche is a lofty pulpit (Afimbar). In front of the pulpit is

a raised platform {Dakka) from which certain exhortations

are chanted, and near it one or more seats and lecterns

combined from which chapters of the Koran are read to

the people.

Minarets {Ma'ddhin, sing. Ma'dhana) were not built

during the first half-century after the Flight, but now as

a rule no mosque is without at least one. From the upper

gallery of this the Moedhdhin announces to the faithful

the times for prayer,—five times during the day, and twice

at night. Blind men are generally selected for this office,

so that they may not overlook the neighbouring houses.

Most mosques have endowed property, which is admi-

nistered by a warden {Xdzir), wfio also appoints the im.-lms

and other officials. The larger mosques have two imdms :

one is called (in Arabia and Egypt) the Khat'ib, and he

preaches the sermon on Fridays (the Moslem Sabbath)

;

the other, the Rdlib, reads the Koran, and recites the five

daily prayers, standing close to the Mihrdb, and leading

the congregation, who repeat the prayers with him, and

closely follow his postures. The imAms do not form a

priestly sect ; they generally have other occupations, such

as teaching in a school or keeping a shop, and may at any

time be dismissed by the warden, in which case they lose

the title of imdm. Doorkeepers and attendants, to sweep

the floor, trim the lamps, and perform other menial offices,

are attached to each mosque in numbers varying according

to its size and endo^vTnent. Moslem women, as a rule, arc

expected to say their prayers at home, but in some few

mosques they are admitted to one part specially screened

off for them: This is the case in the mosque of Sitta

Zainab in Cairo. In the AksA mosque at Jerusalem there

is a latticed balcony for the women, who can see without

being visible to the male worshippers below.

The greatest possible splendour both of material and

workmanship is often lavished on the building and its

' In mosques frequiented by Turks or other members of the Hanafi

sect running water is provided from a raised tank with flowing jets,

called a hanafiya after the sect who require it. Other Sunn;-- arc

content to wash in a stagnant tank.



864 MOSQUE
fiUings. The whole outside is frequently decorated with

the most elaborate surface-carving in stone or marble,—the

pavement of the richest marbles, inlaid in intricate patterns,

the walls panelled in a similar way, or decorated with

the most minute mosaics of glass, mother-of-pearl, agates

and other costly stones. The central niche and the pulpit

are of special magnificence ; and, if the latter is of wood,

it is often covered with delicate ivory carvings, and inlay

of pearl and ebony. Very beautiful surface-ornament,

executed in hard stucco, and enriched with gold and colours,

is used to decorate arches, wall surfaces, and the penden-

tives of domes, which latter generally have the so-called

" stalactite " form of ornament—one of great beauty and

complexity. The woodwork of doors, screens, and ceilings

is frequently very gorgeous with carving, inlay, and ela-

borate painting ; the whole of the doors outside are often

covered with very delicate pierced and embossed work in

bronze, or more rarely iron. The magnificent tiles from

Persia, Damascus, and Rhodes, enamelled in brUliant blue,

green, and red, on a white ground, are often used to cover

the walls. Traceried windows in pierced marble or stucco

work often occur ; these are filled with brilliant coloured

glass, always in very small pieces, forming a transparent

mosaic of jewel-like richness.' Lamps of enamelled glass,

or of bronze inlaid with silver, were once common, but are

now rapidly disappearing.

Some mosques, especially the Kariibin mosque at Fez in

Morocco, possess a collection of magnificent illuminated

MSS., chiefly copies of the Koran and other religious books;

in the large collection at Fez, MSS. of Aristotle's Natural

History, with the works of Averroes and other commenta-

tors, exist in considerable number ; some few of the MSS.
are as early as the 10th century.

Plans of Mosques.—Considerable diversities exist in the

plan and arrangement of mosques in various countries, either

because the Moslem conquerors adopted to some extent

the existing buildings and architecture of the conquered

people, or on account of the new mosque being built on a

site already cramped by surrounding buildings. The first

of these causes influenced to some extent the mosques of

India, and to a much greater extent those of European

Turkey. The second cause, the cramped site, especially

in Cairo, created a special type of plan. Nevertheless,

when free from such disturbing influences, there is one

normal plan adopted, at least in early times, by the Mos-

lems in all countries—from India to Cordova, and from

northern Syria to Egypt.^ This normal plan is a very

simple one, and is the natural product of a country like

Arabia, unskilled in architecture, where land was worth

but little, and timber very scarce. (See fig. 1.)

Though not the earliest, the great mosque of Cordova is the most
magniiicent, and in the main the best preserved, of this typical

form.' It was begun in 784-5 by the caliph 'Abd al-Eahman I.

(Abderame) and completed by his son Hisham in 793-4 ; though it

was afterwards enlarged, and then to some extent injured by addi-

tions—the work of the Christians, who made it into a cathedral

—

yet it still remains but little altered, except by the loss of its mag-
nificent carved and inlaid wood ceiling and sumptuous Mimhar.
It consists (omitting recent additions) of two main parts, a large

cloistered open court, with at one side a covered buUding for

prayer. In one respect only it differs from the usual plan : the

open court is generaUy much larger than the roofed space, whereas

at Cordova it is smaller. For the sake of brevity this arrange-

ment will, in the rest of the article, be referred to as the " normal
plan." In spite of neglect and alterations tliis mosque is stUl one
of the most imposing buUdings in the world. The long ranges of

' See Coste, Architecture Arabe, 1837-39 ; Bourgoin, Les Arts

Araies, 1863; Prlsse d'Avennes, Art Arabe, 1874-80; and Texier,

L'Armlnie et la Perse, 1842-62.
° The great mosque of Mecca (?.».) is unique in plan. For an

icoount of the mosque of Medina, see Medina.
* CoBtroras, ArU Arabe en Espafla, 1876 ; Academy, 19th Novem-

ber 1381, " Mosque oi c'ordoba, ' b* J. H. Middleton ; Mon. Arqui. de

Eapaila ; and Prangey, Motqwie de Cordoue.

aisles, nineteen from east to west and thirty-one from north to

south—on their marble columns the spoils of many a Greek and
Roman temple—seem to stretch almost endlessly in every direction,

and each range of pillars appears to lose itself in the gloom of

distance, so that from no point can any idea be formed of what is

the real size of the whole buUding. The side towards- the court

was quite open, and all over the court orange-trees were planted

at regular intervals, continuing the lines of the columns within,

and set at the same distances apart ; so that.aisles of orange-trees

in long ranges covered the open space, just as the marble columns
did within. No words can describe the jewel-like splendour of the

mosaics in the sanctuary, which in complicated Arabesque patterns,

mixed with elaborate Cufic inscriptions, cover the walls and even the

arches, which cross and recross each other in the most fanciful and

daring way, forming a sort of aisle round three sides of the sanctuary.

There is documentary evidence to show that these glass mosaics,

though of thoroughly Oriental design, are, like those in the mosques

of Jerusalem and Damascus, the work of Christian artists from

Byzantium.
The most important early mosques were all built on this normal

plan, with but very slight variations. The following are some of

the finest examples of this type :

—

Mosque of 'Amr, Old Cairo, begun in 642 A.D., but much en-

larged at the end of the 7th century, and afterwards partly

rebuilt (see fig. 1).

Mosque of Sidi-'Okba at Kairawdh in Tunis, latter part of 7th

century.

Mosque of Sidi-'Okba near Biskra in Algeria, about 684.

Mosque of Edris at Fez, in Morocco, end of 8th century.

Great mosque of Damascus, 708.

Great mosque of Cordova, 784-794 (described aDOve^.

MoSque of Ibn Tiilun, Cairo, 879.

Mosque of Al-Azhar, Cairo, begun about 970.

Great mosque at Old Delhi, 1196-1235..

The first of these, the mosaue of 'Amr [see Coste, ArAitedure
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and horse-shoe. Fig. 1 gives its plan as a good typical specimen
of this normal type of mosque.

The mosque at Kairawin, Tunis, said to have been founded by
'Okba (see s\ipra, -p. 567), follows the normal plan, with 439 fine

antique marble columns, horse-shoe arches, some pointed and others

round, and flat ceiling of dark wood, once magnificently painted.

Its sanctuary is ten aisles deep by seventeen wide. In the centre of

the court is a marble fountain over the sacred well, said to communi-
cate with the spring Zerazem at Mecca. Its minaret, a rather later

addition, is very massive and stately ; it is square, in three stories,

each battlemented, the walls battering considerably. The sanctuary

is domed, and the Mihrdb is decorated with magnificent tiles.

Adjoining the sanctuary is a small room for a library.

The other great mosque of Sidi-'Okba, buOt soon after his death

in 682, and containing his tomb, is in Algeria near Biskra ; it

I much resembles the Kairawan mosque, but is less splendid, some
of the columns being not of marble but of baked clay decorated

with painting.

The great mosque of Fez, about the same date, is also very large

and magnificent, with Mimhar and Mihnib richly ornamented with

minute mosaics ; it has also a fine inlaid and painted wood ceiling,

and some elaborately-carved doors. It still possesses a fine library.

(See Amici, Journey to Fez, 1878.)

The great mosque of Damascus was built on the site of a

Christian basilica, erected by Theodosius in 395-408. From 636,

when the Arabs conquered Damascus, until 708 this basilica

was used jointly both by the Christians and the Moslems. The
basilica was then pulled down, and the present mosque built by
the caliph Walid. It has the normal plan, and is 508 feet by 320

feet. Its sanctuary is only three aisles deep ; it has a central

dome on the south or Mecca side, and on the east and v^est a large

porch. Samhiidi records that one of the conditions of peace con-

cluded between the Byzantine emperor and Walid was that the

emperor should furnish a certain number of workers in mosaic

for the decoration of the mosques at Mecca, Medina, Jerusalem,

and Damascus.
The mosque of Ahmed Ibn Tuliin, in Cairo, completed in 879,

has the normal plan, with the exceptional addition of an outer

court, or wide passage, running round three sides of the rectangle,

—

probably to cut it off completely from the noise of the surrounding

streets. It is built of brick, coated with delicate reliefs in stucco,

once enriched vdth painting. The Mihrdb has beautiful mosaics,

and the Mimhar is a marvel of delicate carving and inlay. The
pillars and arches are of brick enriched with elaborate stucco-work.

It has a very remarkable minaret on the west side, with a spiral

external staircase. The architect was a Copt, an Egyptian Chris-

tian. It is perhaps the earliest important building in which the

pointed arch is largely used.

The mosque Al-Azhar, "The Splendid," was built in the centre

of New Cairo about 970 and, though frequently restored, has

in the main been little altered. It is on the normal plan, with
ranges of pointed and slightly horse-shoe arches, supported on more
than 400 fine antique columns of marble and porphyry, chiefly from
Roman buildings. Among its later decorations are magnificent

wall-coverings of the most beautiful Persian tiles. It has a special

interest in being the chief university of the Moslem world, con-

taining some thousands of students (mujdioirin), for whom certain

parts of the mosque (Eiwdk) are screened ofF, according to the

country from which they come. Thus special parts are reserved

for natives of the various provinces of Egypt, of Morocco, Syria,

Arabia, India, Turkey, &c. Each student can, if he is too poor
to hire lodgings, live, eat, and sleep in the mosque. Each has

a large chest in which to keep his clothes and books ; these are

piled against the walls to a height of seven or eight feet. The
students pay no fees, but the richer ones give presents to the

lecturers, who sit on the matting in various parts of the sanctuary

or cloister, while the students sit round each lecturer in a circle.

The usual course of study lasts for three years, though some
students remain for much longer. The chief of the lecturers, called

the Sheikh al-Azhar, receives about £100 a year, the others ILttlo

or nothing, as regular pay. The Koran, sacred and secular law,

logic, poetry, and arithmetic, with some medicine and geography,
are the chief subjects of study.
Of mosques which are not built on the normal plan the earliest

and most important are the two in the Haram al-Sherif .(High
Sanctuary) at Jerusalem (see vol. xiii. p. 642).
The Kubbet al-Sakhra (Dome of the Kock), popularly, but wrongly,

called tW" Mosque of Omar," is uot, strictly speaking, a mosque
at all. It belongs rather to the class of

'

' shrines, "—generally small
square, circular, or octagonal buildings erected over some sacred

spot or tomb. It is a very beautiful building, with high central

dome, and double ambulatory rou/id it,—the outer wall being octa-

gonal, and the dome" with the pillars that carry ic, circular in plan.

It is decorated in a very sumptuous way by inlay of rich marbles
and very splendid glass mosaics. The outer wall and most of the
internnl mosaics are ' iter than the dome itself Its windows of

mosaiu-like stained glass are very beautiful, and are almost the only

Moslem example of the use of lead "cames," instead of the bits of
glass being fitted into marble or stucco tracery ; this, as well as the
glass wall-mosaics, was probably the work of Byzantine artificers.'
The mosque within the same enclosure, called Al-Aks4, is entirely

roofed, with many aisles and columns, having no open court, quits
unlike the usual arrangement of a jnosque.
The finest and largest group of mosques is at Cairo. Many ol

them are very complicated buildings, with no resemblance to the
normal plan before described. In some cases a hospital, a school, a
court of justice, a monastery, or very frequently a tomb, forms part
of the building, and causes considerable modifications in its plan.
The finest of these is the mosque of the sultan Hasan, built

between 1356 and 1359 (fig, 2), a good specimen of a mosquS
built in a crowded site

with a wing for a tomb.
In plan it is cruciform,
the central part being
open to the sky ; the
eastern arm of the cross
is the sanctuary, and
farther east is the stately
domed tomb of the sul-

tan himself. All four
arms of the cross are
vaulted in stone with a
plain waggon vault. Its

magnificent entrance on
the -north, with an en-
ormously high arch, de-
corated with stalactite

reliefs in stone, is set

somewhat askew to fol-

low the line of the old"

street. It has two mi-
narets, one of great
height and grandeur.
The Muristan Kalaun

is a combination of
hospital, tomb, and
mosque,—an enormous
building covering a very
large area. It was built

by Sultan Kalaun at the
beginning of the 14th
century; his tomb, built

1320, which forms part
of this great building, is ^i"- 2.—Plan of Mosque of Sultan Hasan, Cairo,

a massive square edifice i, 2. Main entrance. 3. Court open to sky.
with a very grand and 4, 5. Fountains. 6, 6. North and south vaulted

weU-designed octagonal "^'',!?P'!, <''"'"'?««'* "°" ^''°'' ">= ^fX^.o^ ""«

J T? 11 • vault). 8, 9. Dakka. 10. Sanctuary. 11. Jlimbar.
dome. Its waU-mosaiCS 12. Kibla. 13. Door to tomb. 14. Domed tomb-
in pearl and precious chamber. 15. Tomb within screen. 16. Kibla.

stoneSi are unusually ^^» ^^* Minarets. 18, 19, 20. Various entrances to

^ -c ,. -p^ "l mosque. 21. Small rooms connected with service
magnificent. tven a „, the mosque. 22. Sultan's private entrance,
bare list of the mosques
of Cairo would occupy a large space ; they are over four hundred
in number, and are mostly remarkable for some beauty in design
or richness in their ornament and material.

The mosque of Ibrahim Agha should specially be noted for the
splendid Persian tiles which cover the east wall of its sanctuary

;

these are of the end of the 16th century, and are unrivalled in

beauty both of drawing and colour. The tiles are 9 inches square,

and work into large designs with very graceful sweeping curves of

foliage, drawn with the greatest skill, and painted in the most
brilliant yet harmonious colours:—perfect masterpieces of coloured

decoration. See MuRAi Decoration.
The so-called "Tombs of the Caliphs,'' really tomb-mosques of

Egyptian sultans, are a large group of very fine buildings, less than
a mile outside the walls of Cairo. The largest is that of Sultan
Barkiik, with a superb dome and tivo stately minarets. In addi-

tion to an extensive open court, it has on each side of the sanctuary

a magnificent tomb-chamber containing the bodies of the sultaa

himself, who died in 1399, and various members of his family.

The most beautiful and graceful of all these mosques is t^at which
contains the tomb of Sultan Kait-Bey, who died in 1496 ; its

dome is entirely covered externally with beautiful and delicato

reliefs carved in stone'» Its minaret is a masterpiece of invention

and extreme grace of outline, combined with the richest and most

exquisite detail ; like most of the Cairo mosques, its exterior is

ornamented by bands of red stone alternating with the yellow

Mokattam limestone. Inside, marble inlaid pavements and mosaic

on the walls, with decorations in painted stucco and wood carved

and inlaid give extreme splendour to the building. Fig. 3 gives

its plan as a typical example of the combined mosque and tomb,

—the 'itterthe more important. The mosque inside the walls of

1 See De Vogn6, TempU de Jlrusalm, 1864 ; Teriefj^ Aiit Uinrurt, 1862.
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Cairo, bnilt by the same sultan, is also v«ry beantifol, and re-

markable for its carvings and_
mosaics.

It should be observed that the

magnificent mosques of EKypt,
as of other countries, owe little

or nothing to the native archi-

tectural talent of the Arabs them-
selves. Their own buildings at

the time of the Prophet were of

the simplest and rudest descrip-

tion, but they were always ready

to make use of the architectural

skill and constructive power of

the people they conquered.

The earUer buildings of Egypt
are mainly the product of Coptic

and Byzantine skill,while rather

later the art of Persia, both in its

general designs and details of

workmanship, exercised a para-

mount influence over the whole
Moslem world. Another influ-

ence must not be forgotten, that

of French and English Gothic,

produced bythe buildings erected
j,,„ 3 _jj^^^^.^„„l, „, g^^^ ^^^

by the crusaders during their oc- ^ey C&iio.

cupation of Palestine. One of the
i. Main entrance.

2.
'Lobby and cis-

Cairo mosques, that ol Kalaun, terns for ablution. 3. Great minaret,

possesses a fine arched doorway, 4. Kibla. 5. Mimbar. 6. Saltan's tomb-

taken from a Christian church ^''"^ben 7. The tomb within a screen,

at Acre—a fine specimen of Early
English work, which would not be out of place in Salisbury Cathe-
dral. Moslem translations of the clustered jamb-shafts and deep
arch-mouldings of this style often occur.

The rest of northern Africa contains many mosques of great size

and splendour ; among these the most important, in addition to those

already mentioned as having the normal plan, are— (1) the mosque-
tomb of 'Abdallah b. Wadib in Kairawan, Tunis, a very large build-

ing, containing several courts and cloisters, dating from the same
early period as the other great mosque in Kairawan ; its minaret is

covered outside with fine blue and green tOes
; (2) the great mosque

of Algiers, 10th century ; and (3) that of Tlemcen, in the extreme
west of Algeria, built in the middle of the 12th century ; this has a

very splendid pavement, partly composed of Algerian onyx, and a

beautiful bronze chandeUer, 8 feet in diameter, given by Sultan
Yarmorak, 1248-83.

In Spain, at Zahra near Cordova, was one of the grandest of

the early mosques, finished in 941 ; but nothing of it now exists.

Several churches in Spain were originally built as mosques, such as

S. Cristo de la Luz at Toledo, a small, nearly square building,

roofed by dome-like vaulting on marble pillars.

In Persia but little now remains of the magnificent early mosques,

built with such splendour, especially during the reign of Hanin al-

Rashid. At Erzeroum there is a fine mosque, combined with tomb
and hospital, almost Early Gothic in style, dating from the 13th

century.' At Tabriz there is another church-like mosque, evidently

thework of Byzantine builders ; according to Texier, this belongs to the

16th century, but it is probably two or three hundred years earlier.

The mosque of Houen, near Caesarea in Cilicia, is a fine large

rectangular building, covered with low domes on square piers. It

dates from the second half of the 12th century.

At Tchekirghe near Broussa is a very remarkable mosque—that

of Murad I., bmlt in the 13th century, almost in the style of con-

temporary Italian Gothic. Its main fa9ade bears an extraordinary

resemblance to one of the earlier Sienese palaces.

The Ijter capital of Persia—Ispahan—became the centre of the

highest 'development of the Persian arts under Shah 'Abbds I.,

1685-1629 ; to this period belongs the splendid mosij'^a called

Masjid Shah, a strangely-planned building of great size, . iched

in the most sumptuous way, inside and out, by wall-covermgs of

the finest Persian enamelled tiles. . The mosque of Sultan Hosein,

built as late as 1730, preserves much of the old beauty of design

and decoration.

India is especially rich in mosques of great size and beauty. The
earlier ones are much influenced by the still older Hindu architec-

ture, and some of the larger ciosques are built of materials from

the old Jain temples. It is recorded that twenty-seven Hindu
temples were destroyed to build the great mosque in Old Delhi,

erected 1196 to 1235, which presents a curious mixture of the

semi -barbarous Hindu carved work with the more refined and
graceful decoration of the Moslem buUders. This great mosque is

on the'iiormal plan, as is the 13th century mosque at Ajmir, also

• See Texier, L'Arminie et la Perse, 1842-B2 ; Coste, MonuTrunts

Modemes de la Perse, 1867 ; Flandin and Coste, Voyage en Perse,

1843-54.

built on the ruins of a Hindu temple. A whole volume would not
suflice to describe the maf^nificent mosques of India, such as those

at Ahmedabad, Mandu, Maldah, Bijapur, Fathipur, and countless

others. The introduction in the 17th century of Florentine marble
and mosaic workers' produced a new and very splendid style of

building, of which the "pearl mosque" and the Taj Mehal at Agra
are the finest specimens.

At Srinagar in Kashmir there is a large and very remarkable
mosque of the normal plan, constructed entirely of wood logs, with
numerous pillars of deodar pine ; it was built by Shah Hamadan,
and is an extremely picturesque building. (See Cole, Ancient Build-
ings in Kashmir, 1869.)

In Turkey the mosques are either old Christian basilicas, such
as S. Sophia and S. Saviour's at Constantinople, and the numerous
fine early churches of Thessalonica and Trebizond, or else are mostly
copies, more or less accurate, of Justinian's splendid church of S.

Sophia, a building which seems to have been enthusiastically ad-

mired and appreciated by the Ottoman conquerors. The mosque of

Solaiman the Magnificent, 1B50-1555, is the finest of these Ttirkish

reproductions of S. Sophia. Another, rather less close a copy, is

the mosque of Sultan Ahmed, 1608. None of this latter class are

of course earU'er than the middle of the 16th century.'

In the present century Moslem art has produced but little of
architectural importance. The great mosque of Mohammed Aii, on
the citadel of Cairo, is the work of a German architect, and though
built of rich materials is of small artistic value or interest ; it is a
large but feebly designed building of the S. Sophia type. Unfor-
tunately European influence seems now to be rapidly destroying
the feeling for true art that still survives among Moslem nations.

Literature.—In addition to works referred to above see Monumentos Arquitec-
tonicos d£ Espana, 1859-83 ; Murphy, Arabian Antiquities o/Spaiu, 1813 ; Owen
Jones, AtTiambra, 1842 ; Antiguedades Arabes de Espana, 1870 ; Hay's Views in
Cairo, 1840 ; Robepts, Holy Land, Egypt, &c., 1842-9 ; Hesaemer, ArahiscJtt
Bau-Verzierungen, 1853 ; CasteUani, Architellura Orientate ; Launay and Mon-
tani, Architecture Ottomane, 1873 ; Salzenberg, Alt-Christlicke BaudenkniaU
von ConstanXinopel, 1854; Lewis, Illustrations of Constantinople, 1837; Chardin,
Voryage en PeTse,\1Zb; Fergusson, Architecture of India, Sic, 1876; Cole, Ancient
Delhi. (J. H. M,)

MOSQUITO (sometimes -WTitten "Mosquita"), a Spanish
word signifying " little fly," is a name popularly applied

to certain annoying dipterous insects, and, strictly speaking,

it should probably be used only for species of Culicidse

(and for the genus Culex in particular), for which "gnat"
ia the English synonym ; but in many countries it is by
almost common consent applied to all small dipterous in-

sects that suck human blood, and therefore includes what
we know as' "sand-flies," "midges," &c., of the genera
Ceratopogon, Simulium, and others-. By Englishmen a
distinction is often falsely drawn between "mosquito"
and "gnat," the former being supposed to represent an
insect native chiefly of hot climates, whereas the latter

is their ovni too-well-known pest. In effect the terms are

really synonymous, and any actual difi'erence can only be
specific. In very hot seasons we not uncommonly hear
alarming reports of mosquitoes having made their appear-

ance in London and elsewhere in the British Isles, and
means whereby they were imported are often suggested,

—

the real facts of the case being that extra heat may render

the native species more annoying, or that it causes a bodily

condition in which their bites are more severely felt.*

The "mosquitoes" of high northern latitudes may be
species both of Culex and Simulium.

Accounts of the numbers of these insects in tropical

countries and in high latitudes, and of their irritating

attacks, are to be met -with—seldom exaggerated—in most
books of travel. Even in Britain the annoyance caused

by gnats is very great, and in marshy districts often unen-

durable, especially to new-comers, for it seems probable that

the insects really attack a visitor more furiously than they

do the natives of the district, but, on the other hand, the

latter may be more indifi"erent to their assaults. In some
subjects even the " piping " by which a hungry gnat

announces its presence has most distressing effects. In

' Texier and Pnllan, Byzantine Churches, 1864 ; Fulgher, £glixt
de Constantinople, 1882.

' A few years ago a London hotel, popular with American visitors,

was said to harbour mosquitoes, which some of the visitors had brought
with them from the Sonthem States. An examination revealed the fact

that the cistern was uncovered and exposed, and was the breeding-place

for hosts of gnats.
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high latitudes they &re driven ofiF by anointing the body

with fish-oil ; and in hot climates " mosquito curtains " are

part of the ordinary bed-furniture. It is only the female

that bites ; and, as it is but a very small proportion of them
that can ever taste human blood or that of anywarm-blooded

animal, blood would not appear to be essential to their wel-

fare. It has been suggested that warm blood may have

an influence on the ova, but it cannot be supposed that

the eggs of those multitudes of individuals that never get a

chance to taste blood are necessarily infertile ; everything

tends to prove the opposite.

Of late mosquitoes have been accused of playing a

hitherto unsuspected part in the dissemination of certain

entozoic diseases. According to the researches, of Drs

Manson and Cobbold and others, it appears certain that

the insects, in sucking the blood of persons who are hosts

of the entozoon known as' Filaria sanguis-hominis, take

these parasites into their own system, and it is believed

that they afterwards (by their death and otherwise) con-

taminate drinking water with them, and thus convey the

entozoa into the blood of persons previously unaffected.

Mosquitoes are aquatic in their early stages. The

Fia. 2.—A, larva of Culex ; B, pupa.
(After Packard.)

Fio. 1.—Mosquito (Ci(Iec). A, natoral 8i2e ; B, enlarged. (After Curtis.^

female deposits her eggs in boat-shaped masses on the

surface of the water. The larvse are very active, and have

a peculiar jerking mo-
tion ; the last segment

is furnished with a

respiratory apparatus,

the form of which pro-

bably varies according

to the species, but it

is usually a long tube,

the extremity of which

can be exposed to the

external air. The pupae

are also active (contrary to the condition in most dipterous

pupae), and are odd-looking creatures owing to the great

development of the thoracic region ; the respiratory ap-

paratus is in the thorax in this state, the extremity of the

body having two swimming-plates ; the pup» do not eat,

but their activity is very great.

No notice of the mosquito or gnat would be complete without an
explanation of the mouth-parts by which it is enabled to cause

such extreme irritation. 'When these parts are closed one upon
the other the whole looks like a long proboscis ; but in reality this

consists/W seven distinct slender pieces separated to the base, viz.

—

the labium, two maxillae, two mandibles, the lingua, and the

labrum. The nomenclature of the mouth-parts varies with different

authors. G. Dimmock {Anatomy of the Mouth-parts and of the

Sucking-apparatus of some Diptera), the latest investigator of this

complex apparatus, states that the labium has for function, for the
most part, the protection of the fine setae which form the true

piercing organ of Culex. In the female of Culex the protective

sheath is formed by the labium alone. 'WTien the mosquito has

found a place which suits it for piercing—for it often tries different

places on our skin before deciding on one—it plants its labellae

firmly upon the spot, and a moment later the labium is seen to be

flering backwards in its middle ; the setae, firmly grouped together,

remain straight and enter the skin. 'UTien the setae have entered

to nearly their full length, the labium is bent double beneath the

body of the insect. 'When the mosquito wishes to withdraw the

sets it probably first withdraws the two barbed maxillae beyond

the other setae, that is, so that their barbs or papillae will be kepi

out of action by the mandibles and hypopharynx ; then it readily

withdraws the setas, perhaps aiding their withdrawal by the musclee

Fio. 3.—Mouth-parts, &c., of female CuUx (after Dimmock). a, antemuBi
c, clypeus ; h, hypopharynx ; Zr-e, labmm - epipharyni ; I, labium ; nC,

mandibles ; mi, maxillBE (with the tip of one of them enlarged).

of the labium, for during the process of extracting the setae Erom
the skin, while they are elowly sinking back into the groove upon
the upper side of the straightening labium, the mosquito keeps

tbe labellae pressed firmly upon the skin. The withdrawal of

blood is effected by means of a pumping apparatus at the base

of the mouth - parts. As no investigator appears to have been
able to detect a poison gland, it has been considered that the irri-

tation caused by the bite of a mosquito was solely of mechanical
origin ; but the extreme irritation and its duration have not caused

this idea to be commonly accepted. Dimmock avows his belief

that there is use made of a poisonous saliva. In the male of CuUx
the mouth -parts vary considerably from those of the female,—

a

conspicuous point of difference being that in this sex the mandibles

are absent, and the maxillae are not barbed.

About 35 species of CuUx (mosquito or gnat) have been described

as inhabiting Europe, and about 130 from the rest of the world,

but their differentiation is involved in great difficulty and uncer-

tainty, and it is probable that the number of true species may be

very much le^s. A species from Cuba has received the name Culex

mosquito ; but there is not one species that specially deserres the

name more than another from a popular point of view, nor from a

scientific point of view is there any difference between a mosquito

and a gnat.

MOSQUITO COAST. See Nicabagtja.

MOSSES, or Musci, one of the two divisions of the

botanical class Muscinea, which includes also the Liver-

worts or Eepaticx See Muscine.^.

MOSSLEY, a manufacturing town of Lancashire,

England, is situated on the London and North-Western

RaOway and on the Huddersfield canal, near the west bank

of the Tame, which here separates Lancashire from

Cheshire, 3 miles north-east of Ashton-under-Lyne, and 10

east-north-east of Manchester. The houses are for the

most part built of stone. To supersede the old church of St

George, erected in 1757, a new building was begun in 1 881.

A mechanics' institute was erected in 1 858. In the vicinity

of the town is an eminence called Hartshead Pike, on which

is a lofty circular tower surmounted by a spire rebuilt of

stone in 1768. Mossley has risen into importance since

the introduction of the cotton manufacture about fifty

years ago. A fair is held annually. The town-was placed

under the Local Government Act in 1864, the district to

which its provisions extend including also part of Saddle-

worth in Yorkshire. The total population was in 1871

10,578, and 13,372 in 1881.

MOSTAR, the chief town of Herzegovina, is built on

both banks of the Narenta, about 35 miles from its mouth,

and 40 miles south-west of Seraievo (Bosna Serai), the

capital of Bosnia. Among the public buildings are a

palace, two Greek churches, and forty mosques, in several

cases -with Roman or Byzantine tracery in their -nindows.

The fine old bridge from which the to-wn takes its name
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(Most Star, Old Bridge) is probably Roman. The town

has a good trade and manufactures excellent Damascus
swords ; and the grapes and wine.of Mostar are celebrated

throughout the south Slavonic countries. The population,

7300 in 1844, had increased to 10,8iP by 1879.
Whether its ancient name was Salonianu, Sarsentemin, or An-

dretium, there is little doubt that- Mostar, or, to use the older

SlaTonic name, Vitrinitcha, dates from the time of the Romans. It

was enlarged in 1440 by Radivoi Gost, mayor of the palace to

Stephen, first duke of St Sava. Immediately on their conquest of

Herzegovina it was chosen by the Turks as their headquarters ; and

it afterwards became the capital of the independent government of

AU Pasha and Stolac.

See Erans, Thrmtgh Bosnia and HerugovinOy 1876 ; 'WilkinsoD's Ddlmatia and
MonteTiegrv, voL il (view and plan at pp. &9-60) ; and Cats de Saint Aymoor in

Ba>. da D. 3foiuJ«j, Febrnary 1883.

MOSUL, an important town in Mesopotamia, on' the

right bank of the Tigris, in 36° 35' N. lat. and 43° 3' E. long.

In Mosul, as in Ba^ghdad, only part of the space within

tte waUs ia covered with buildings-and the rest is occupied

by cemeteries ; even the solid limestone walls of the ancient

town are ha.\t in ruins, being serviceable only in the direc-

tion of the river, where they check inundations. Of the

town gates at present ia use, five are on the south, two on

the west, two on the north, and the great bridge gate on the

east. Leaving Mosul by the last named, the traveller first

crosses a stone bridge, 157 feet long ; then a kind of island

(140 feet), which is overflowed only in spring and summer

by the Tigris ; next a stretch of the river which, at such

tunes as it is not fordable, is spanned by a bridge of boats,

the bridge proper covering only one-sixth of the full width

of the stream! During the season of low water excellent

vegetables, particularly water-melons, are grown upon .the

islands and dry portions of the river-bed.

The interioi; of Mosul has an insignificant appearance, only a few

ot tie older buildings being left, among which may be mentioned

the Great Mosque, with its leaning minaret, formerly a church

dedicated to St; PatU. The private houses are partly of brick and

partly of stone, the district famishing an excellent and easDy-

wronght building-stone resembling marble. Handsome well-built

halls [iwdiis) may be seen in many houses ; the underground

dweUings also, to which the inhabitants retire during the day-time

in the hot months of tiummer, are well and solidly built. The

houses are high, and during three or four months of the year the

inhabitants sleep on the flat roofs. The streets are for the most

port badly paved and very narrow, a small square in the market-

place, overkioked by airy coffee-booths, being almost the only open

space. The shops are few and poor. The industry, in comparison

with former times, when the town had so considerable a manufac-

ture in " muslin " as to give its name to that fabric, is very vmim-

portant ; trade also, which is almost exclusively in the hands of

native merchants, has fallen off greatly. GaU nuts, gathered on

the neighbouring Kurdish mountain dopes, are mostly exported,

but are also made use of by native dyers ; and hides, wax, cotton,

and gum are sold. Very few Europeans live in Mosul, though the

market is abundantly supplied with European goods. The whole-

sale trade,»conducted by means of caravans, has greatly declined

from its former importance, owing not only to changes which have

been taking place in commercial routes generally, but also to the

dangers of the roads near Mosul ; for to the north and east of the

town there are wild tribes of Kurds, some of whom continue to

assert their independence of the Osmanli rule, while the Yczidis,
a Kurdish tribe who have never yet accepted Islam, dweU in the
Sinjar mountains, upon a northern spur of which the town stands.
Semi-independent tribes of Bedouins also roam over the plains in
ttte immediate vicinity. The wild hordes of the Shamnmr Bedouins
have often plundered or threatened the citizens. Mosul, therefore,
has a somewhat isolated position, and this perhaps is one reason
why Christians and Moslems have lived together on better terms
here than elsewhere. Both are animated by an active local patriot-
ism, and both honour the same patron saints, Jirjis (St George)
and Jonah ; the grave of the latter is pointed out on an artificial

mound on the loft bank of the Tigris.-

The language of the people of Mosul is a dialect of Arabic, partly
influenced by Kurdish and Syriac. The population is proba))ly

25,000 to 30,000. It is stated that the town is divided into 32
quarters, of which one is Jewish and three are Christian, while the
rest 'are Moslem. The Moslems call themselves either Arabs or

iurds, but the prevalent type, very difierent from the true Arabian
of Baghdad, proves the Aram^an origin of many of their number.
Of the Christians the community of the Chaldseans, i.e., those who
have gone over from Nestorianism to Catholicism, seems to be the
most important ; there are also Syrian Catholics and Jacobites.

Mosul has for several centuries been a centre of Catholic missionary
activity, the Dominicans especially, by the foundation of schools

and printiug-ofiices, having made a marked impression upon an
intelligent and teachable population. There are very few Protest-

ants.

Mosul shares the severe alternations of temperature experienced

by Upper Mesopotamia (see Mesopotamia). The summer heat is

extreme, and in winter frost is not unknown. Nevertheless the

climate is considered healthy and agreeable ; copious rains fall in

general in winter. The drinking water is got from the muddy
Tigris. At the north-east comer of the town is a sulphur spring,

and 4 leagues to the south there is a hot sulphur spring (Hammam
'All), much frequented by invalids..

Mosul probably occupies the site of a southern submb of ancient

Nineveh (g.v.), but it is very doubtful whether the older name of

Mespila can be traceJ in the modem Al-Mausil (Arab., the place of

connexion) ; it is, however, certain that a town with the Arabic name
Al-Mausil stood here at the time of the Moslem conquest (636 A.D.).

The towTi reached its greatest prosperity towards the beginning of

the decline of the caHphate, when it was for a time an independent

capitj. The dynasty of the Hamdanids reigned in Mosul boja 934,

but the town was conquered by the Syrian OkaOids in 990. In the

llth century it belotiged to the Seljuks, and in the 12th, under the

sway of the Atabeks, particularly of Zenki, it .had a short period of

splendour. Saladin besieged it unsuccessfully in H82. Among
the later mlers of Mosul the onlv conspicuous name is that of Lulu,

in the first half of the 13th century. The town suffered severely

from the Mongols under Hulaga ; under Turkish rule it became the

capital of a small pashalik, bounded on the one side by the vilayet

of Diarbekr, on the other by that of Baghdad. The Persians

occupied Mosul for a short time in 1623, until it was, soon after-

wards, recovered by Sultan Murad lY. It was visited by an earth-

quake in 1667, and was unsuccessfully besieged by the Persians under

Nadir Shah in 1743: The governorship of the pashalik was long

hereditary in the originally Christian family of the 'Abd-al-Jahl,

until the Porte, during the course of the present century, succeeded

after a long and severe contest in establishing a more centralized

system of government.
Compared with what it was in the Middle Ages the present town

is much deteriorated, its decay having advanced steadily from tho-

beginning of the Turkish dominion.

See Rittar Jsien. vol. vli. A map of the town accompanies Cemik'a paper,

" Stndienexpedition durch die Gebiete des Etrphrat and Tigns," in Elganznnga-

i heft-No. 46 ot Petermmn't ililtheiiunaen, 1870.

END OF VOLUME SIXTEENTH.





For Reference

Not to be taken from this room

STACK



n„.> I
IBBABV FftOllT*

g"«'TO'379 213 2




